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Front cover and Figs. aside. 
Following neutron capture in a 48Ti-nucleus, imbedded in a 
SrTiO3 single crystal, a recoi ling 49Ti-atom is produced by 
the emission of a primary y-ray from the nucleus. The Ti­
atom is slowed down by colli sions with the surrounding 
atoms . During the slowing down process, the sti ll excited 
Ti-nucleus emits a secondary y-ray which is measured with 
the High Resolution Crystal Spectrometer "GAMS". 
Whenever the secondary y-ray is emitted in flight, its energy 
is Doppler shifted in the laboratory ystem. This is called: 
Gamma-Ray Induced Doppler Broadening (G RID ), see 
"Blue Box" page 35. 
The primary recoils are isotropically distributed. The front 
cover shows many superimposed trajectories of a recoiling 
Ti-atom in SrTiO3, as calculated by Molecular Dynamics 
simulation. 

The results, given aside for two different crystal orientations 
with respect to the spectrometer, show dramatically different 
spectra. Nevertheless the theoretically predicted profiles are 
an accurate reproduction of those observed experimentally. 
The colour code in the theoretical profiles and in the 
trajectories (front cover) is correlated to the recoil directions 
(blue towards the spectrometer) of the Ti-atom. 
Such measurements make it po ible to deduce information 

200 about the repulsive part of interatomic potentials. 
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EXTERNAL ORGANIZATION OF THE ILL 

FRANCE 

Commissariat 
a l'Energie Atomique (CEA) 

Centre ational 

Associates of the ILL 

U !TED Kl GDOM 

Engineering and Physical 
Scien es Research 
Council (EPSRC) 

FEDERAL REPUBLIC 
OFGERMA Y 

Forschungszcntrum 
Karlsruhe (KFK) 

de la Recherche Scientifique (CNRS) 

SPAIN 

Comisi6n lnterministcrial 
de Ciencia 

y Tcchnologfa (CICT) 

SWITZERLAND 

Schweizer Bundesamt 
fur Bildung 

und Wi ssenschaft (SBBW) 

AUSTRIA 

bsterreichischc Akademie 
der Wisscnschaften 

Countries with scientific membership 

Freytag (BMBF) 

Hennies (KFK) 

Schunck (BMBF) 

Steiner (HMI, Berlin) 

Martinez (Spain) 

Steering Committee 
Members 

(at it last meeting) 

Cesar ky (CEA) 

Hammer (CEA) 

Come (CNRS) 

o Rigny (CNRS) 

Observers 

Reiter (Austria) 

Scientific Council 

O Hughe (EPSRC) 

o Taylor (RAL) 

Ward (EPSRC) 

o Wilk.ins (EPSRC) 

Zin Ii (Switzerland) 

(15 members; Chairman: Stirling; Vice-chairman: Bienfait) 

Plenary Session 
26 participants I 
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8 Subcommittees 
76 members 
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" VISITS AND E VE N TS II I N 1995 

LALUMIERE 
BLEUE 
Saynette pour la fete 
de la Renaissance 
(Philippe LECONTE) 

Trois sorcieres vont se retrouver ( ou bien 3 fees). 
La premiere est tres jeune et parle allemand (W. la seconde est 
deja d 'age moyen et parlefranr;ais (SE), la demiere est beaucoup 
plus vieille et parle anglais (Sll.). 

L'obscurite seforme lentement dans la salle. Musique Paul DUCAS, 

"l 'apprenti sorcier" ou MOZART, "la flute enchantee". Appara'it 
dans le coin droit de la scene une lueur bleue emanant d'une bulle 
translucide representant /'ILL. On devine a peine Les visages 
des 3 femmes. 

SB Dear ,i,1er,. have you seen the lighl '? Man) moom ha1·e pa,sed 
s111c:e we beheld ii la,l. Men ha1·e re,umeJ 1heir guessing and 
d1ed,1ng pla) searching for the laws of nature. Shall we. ,ister-,. let 
them go alone on this path •1 

(Les deux sceursfont signe que non). 
Then. I ,uggest thal eac:h or u, expresses again the wishe, we made 
at the fiN ,hining of this blue light. 

SF Ma ,ccur Jit vrai. nous devrions a nouveau prononcer des VfCux 
pour c:ene nouvelle naissance. ii y a tant de lune, que la lueur bleue 
ne ,·etait pas manifestee . 

SA Geliebte Schwestem ! Geme will auch ich im Anblick dieses 
blauen Lichts mir etwas wi.inschen. Doch sollten's, ist die Zeit neu, 
nicht die alten Wi.insche sein. Es sollten Wi.insche sein wie fi.ir ein 
neues Leben: neue Wi.insche. 

SF Des vccux nouveaux pour une Renais,ance. 

SB Entirely new wishes, I lit..e the idea. 

SA Dann, meine Schwestem, sage von uns jede, 
was sie wi.inscht. 

SB Then. 111) sisters. as I am the clJest. I ,hall ,peat.. riN . 
Let me thint.. about Ill) wish .. . I wish that hy using prnperl) thi , 
light anJ by using all possible hits of cle1 crncs,. the men will gain 
a deeper and deeper under-,tanding of the l:.t\\S or nature . that the) 
may harness and organ ill:: its forc:es and thus create themsell'es 
gn::al II ea Ith. 

SA Dies also ist der erste Spruch. Du, Schwester, nimmst mit 
deinem Wunsch die Menschheit in die Pflicht, mit aller Geisteslcraft 
noch tiefer der Natur Gesetze zu versteh'n und mit den Kraften der 
Natur zu schalten und zu walten in der Art, die aller Menschen 
W ohlstand mehrt. 

8 

SB It 1s what I meant. 

SA Ein grossherziger Wunsch! Die Menschheit wird das Wirken 
der Natur verstehen und zu nutzen lernen. Nicht aber ohne harte 
Pri.ifungen! Hort meinen Willen nun: die Forschung soU nicht ohne 
emstliches Bemi.ihen gli.icken. Dafi.ir wird dann zum Ende auch sich 
selbst der Mensch emeuert haben. 
Und wird dein Wunsch, geliebte Schwester, ihm den Wohlstand 
bringen, wird er nach meinem Willen neue Eigenschaften, 
Lebensformen und ein neues Weltbild finden. 

SF Mes sreurs. c ' est ii 111011 tour de prononcer le v(cu qui 
accompagnera la renaissance de cctte lucur. Grandes ,0111 lcs 

richesscs materielles et spirituellcs promises aux homrnes par 
1·os 1reux. Grandes aussi seront les epreuve,. 
Ma ,reur ainee a promis aux hommes la maitrise des lois de la 
nature par leur travail aUlour de la lueur blcue. Cette maitrise les 
rendra puissanh et riches. Est-ce bien cela "! 

,J1 True. my sister. 

SF En rcndant cette entreprise tres difficile ma ,a:ur cadene leur a 
promis unc transformation d'eux -mcmes. L"effort demande fera 
na1tre un homme nouveau regardant au tremcn t le monde . 

SA Genau, meine Schwester. 

SF J" ajoute main tenant une epn::uve nouvelle . 
Aucun homme ne sera capable de prngresser seul dans ses 
recherc:hes. De nombreux talents seront necessaire, . Et si Jes 
hommcs refusent de tnll'ailler ensemble. alors les promesses de mes 
deux srcurs ne pourront se realiser. En re tour, 111011 cadeau sera 
precieux . Les hommes progres,eront dans l"art le plus difficile pour 
tous : l'an de \'ivre ensemble et de ,e comprendre . 
Tel est mon vccu . 

SA Geliebte Schwester, dieser Wunsch zwingt al le Forscher fortan 
zur Gemeinsamkeit. Zusammenarbeit nur kann ihnen Fortschritt 
und Erfolge bringen. Doch eben dies ist eine harte Pri.ifung, denn 

beim Denken sind sie ganz mit sich allein ! 
Gleichwohl ist dein Geschenk auch wahrhaft groBherzig: nichts ist 
begehrenswerter fi.ir die Men chen als ein friedliches 
Zusammenleben. 

SB My dear si,ters . you have increased b) far the difficulty of the 
way which I proposed to the user, of !he light. But you promised 
them great treasures in exchange. 
My youngest si,tcr promised to reward men \~ ith a greater 111111d. a 
greater spirit after the effort of d1scmcnng th..: law, of nature. \nd 
my other sister promised a progress in the art of Iii mg together hy 
lht: obligation 10 help each other. Bui , would the) refuse the 
challenge . she threaten..:d them I\ ith rai lure . These arc great. great 
trials ... L.::t us watch on them from our retr.::at to sec how the) 
p..::rfnrm along these \\hishes . 

SA Ja! Ziehen wir uns jetzt zuri.ick ins Unsichtbare. An den 
Menschen JaBt uns sehen, was aus un ren Wtinschen wird. 

SF Et mainlenant. place aux hommcs et i1 leurs a1enture, . 
otrc regard et no, \ n::ux les accompagnent depui, not re rctraite. 
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"VISITS AND EVENTS" IN 1995 

At the celebration of the Renaissance 
of ILL, several speakers addressed the guests: 

Robert Comes, Chairman of the JU 
Steering Committee. 

Reinhard Scherm, 
Director of ILL 

Cliff Shull, Nobel Prize winner 
"The Early Days of Newron Scattering ". 

Norman Ramsey, Nobel Prize winner 
"Neutron Spin Reorientation Experimems ". 

The multitude of distinguished guests at the ceremony to celebrate 
the Renaissance of ILL. 

Bill G. Stirling, 
Chairman of the ILL 
Scientific Council. 
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Alan 
Leadbe11er, 

British 
Associate 
Director, 
Master of 

Ceremonies. 



"VISITS AND EVENTS" IN 1995 

Madame Elisabeth Dufourcq, Mi11istre Charge de la Recherche Scientifique, 
visited the large-scale sciemific installations in Grenoble 011 23 June. 

From left to right: Michel Destot, Mayor of Grenoble, Elisabeth Dufourcq, Richard Case11ave, 
Ciry Councillor for the opposition, Jean-Paul Wa11eau, Recteur de /'Academie de Grenoble, 

listening 10 an introductory presenra1io11 by Reinhard Scherm. 

Madame Elisabeth Dufo urcq coming out of the air-lock 
accompanied by Michel Destot and Ekkehardt Bauer. 

On the level of reactor operation. 
From left to right, Richard Casenave, Michel Destot, Elisabeth Dufourcq, 

Jean-Paul Waneau, Ekkehardt Bauer and Reinhard Scherm. 

11 



"VISITS AND EVENTS" IN 

Visit by Hans Zehetmair, Deputy Minister-President and Minister 

Visit by Hems 
Zehemwir. 

Wo(fgang Glaser, 
Technische 
Uni versitiit 

Carching, fo rmer 
Director of ILL, 

talking to 
Ekkehardt Bauer, 

Head of the 
Reactor Division. 

f or Edu.cation, Culture, Science and Art in Bavaria, on 14 and 15 September. 
Here at the press conference together with Reinhard Scherm, Director of ILL. 
In the background Philippe Leconte, French Associate Director 
and Sigurd Lettow, Head of the Administration Division. 

Hans Zehetmair talking to Michel Destot, Mayor of Grenoble, 
with Reinhard Scherm and Philippe Leconte looking on. 

Visit by Hans Zehetmair. 
From left to right: 

Daniel Bois, Direcreur du CNET. 
Grenoble, Jean Paul Watteau, 

Recteur de l 'Academie de Grenoble, 
Philippe Leconte and YvesPetroff, 

Direclor General of !he ESRF. 

12 
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"VISITS AND EVENTS II IN 1995 

Workshop: "New Tools for Neutron Instrumentation ", Les Houches, 
6-9 June. Coffee break in front of the lecture theatre. 
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Workshop: "New Tools for Neutron lnstrw11enw tion ". 
A. Heidemann, P. Boni, W. Heil, 
U. Schmidt and R. Scherm. 

Workshop: ''Quantum 
Atomic and Molecular 
Tunnelling in Solids". 
Seyssins, 4-7 October. 
Discussion in front of 
the ··Maison d'Hotes. 
La Baume". 

Workshop: "Qua11tum 
Atomic and Molecular 
Tunnelling in Solids ". 
S. Clough. 
A. Heidema1111 
and G. Kearley. 



BERICHT DES DIREKTORS 

Zurn Jahresende 1995 bietet sich das 
altvertraute Bild. Oberall drangen sich die 
user, Experimente werden durchgefiihrt, 

erste Ergebnisse diskutiert: "busines a ususal '. 
Dabei ist es gerade er t ein Jahr her, daB nach fast 
vier Jahren Stillstand der Reaktor wieder anfuhr. 

ach der Betrieb genehmigung am 3. Januar 1995 
"divergence" am 6. Januar, am 7. voile Leistung. 
Nach wenigen Wochen Probebetrieb wurde dann 
Ende Februar der offizielle u er-Betrieb 
aufgenommen. 

Natiirlich gab es wahrend dieser Einfahrtzeit 
Schwierigkeiten zu meistern: gelegentliche 
Probleme mit einer neuen Elektronik oder 
einem neuen Steuerprogramm oder die 
Kinderkrankheiten eines neu gelieferten 
Multidetektors ; einmal bedurfte es sogar der 
Aufmerksamkeit eine prominenten Gastes , um 
einen tief ver teckten logischen Fehler in der 
Au leseelektronik zu entdecken. Unseren 
" friendly user " ei gedankt , die Yer tandni 
zeigten und mitanpackten. Alie unsere 
Wis enschaftler, Ingenieure und Techniker 
leisteten hierbei ihr Be tes. 

ach die em ersten Jahr im "2. Leben des ILL" 
ind 24 der nominellen 25 ILL-Instrumente in 

vollem Betrieb. Hierzu sind im Laufe die e 
Jahres von Seiten der selbstandigen 
CRG Gruppen noch 6 CRG-Instrumente 
hinzugekommen . Da wis en chaftliche Leben mit 
Ideen, Experimenten, Disku ionen und 
Seminaren ist wieder intensiv erbliiht. Dies mogen 
einige Zahlen belegen: 3958 offizielle Strahltage 
im Jahr 1995. In ge amt besuchten 1244 
Experimentatoren da ILL (bei 2261 Besuchen) 
und verbrachten hier 23100 Tage. 

Im Jahr 1995 erlebten wir endlich wieder "real 
time" Sitzungen de Wissenschaftlichen Rates. 
Wahrend an den In trumenten Mes ungen und 
Experimente laufen, diskutieren die subcommittee 
die neuen proposals fUr die komrnenden Monate. 
Angesichts einer Oberbuchung von 2 bis 3 werden 
Weichen gestellt und manchmal Schick ale gelenkt. 

In seiner neuen Form, rnit dem vom 
Lenkungsau schuB ernannten Yor itzenden , hat 
der Rat deutlich an Gewicht gewonnen. 
Aus seinen Reihen ind den ver chiedenen 
Projekten Paten zugewiesen , die in der Sitzung 
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berichten . Deren direkter Kontakt mit den 
Projektverantwortlichen tragt dazu bei , das ILL 
enger mit der AuBenwelt zu vernetzen. Lange 
di kutiert wurde die Frage des "juste retour 
scientifique" . Wie im Vereinbarung protokoll zum 
Regierungsabkommen festgeschrieben i t die 
wis enschaftliche Qualitat nicht das einzige 
Au wahlkriterium. Yielmehr ollen die vergebenen 
MeBzeiten auch da finanzielle Engagement der 
Partnerlander widerspiegeln. Die e Forderung stieB 
weder bei den subcommittees noch im 
Wi senschaftlichen Rat auf groBe Gegenliebe, odaB 
e der Direktion vorbehalten bleibt, nach den 
Empfehlungen der subcommittee noch korrigierend 
einzugreifen. Der Traum vom "open acces " setzt 
eben auch freigebige Finanzierung voraus. 

Die erste Sitzung des Wissenschaftlichen Rats 
bot AnlaB und Rahmen, die Wiedergeburt des 
wissenschaftlichen Lebens nach der Renovierung 
zu feiern. Drei Hexen brachten ihre Wi.insche dar, 
und die obelpreistrager N. Ram ey und C. Shull , 
beide alte Freunde des Hauses, verliehen dem Fe t 
esprit und Wilrde. In Jamben wi.inschten die 
Hexen den Wissenschaftlern nach der Milhe 
Erfolg und gedeihliches Zusammenwirken. 
Norman Ramsey berichtete au dem lnneren des 
Neutrons und natilrlich auch i.iber den bi her 
kleinsten Wert de elektrischen Dipolmoments, 
Cliff Shull erzahlte von den er ten heroi chen 
Experimenten mit eutronen , damal al 
Zahlraten noch von Hand notiert wurden. 

Da Forschung mit Neutronen zu Fragestellungen 
au den unterschiedlichsten Fachgebieten beitragt, 
werden ihre Ergebnisse in er ter Linie auf 
Fachkonferenzen vorgestellt. Gerade wegen die er 
Multidisziplinaritat hat da ILL e ich schon 
immer zur Aufgabe gemacht, als ein Zentrum des 
internationalen Austau eh den Zusammenhang 
der heterogenen eutronen -community durch 
workshops mit speziellen wissenschaftlichen und 
methodischen Themen zu fordern. 

Der workshop "Quantum Tunneling of Atom 
and Molecules in Solids" behandelte ein typisches 

eutronengebiet: Tunnelbewegungen in Fe tkorpern 
bei tiefen Temperaturen, eine Thematik, die eng 
mit der hochauflosenden Spektro kopie verkni.ipft 
i t. In Le Houches fanden 60 Teilnehmer zu 
einem von der EC geforderten workshop " ew 



BERICHT DES 0JREKTORS 

Tools for Neutron Instrumentation" zusarnrnen. 
Diese Veranstaltung zeigte i.iberdeutlich, daB in 
der Kunst der Instrumentierung bei weitem noch 
nicht alle Moglichkeiten au geschopft sind. So 
wird zum Beispiel eine vielversprechende neue 
Methode der Polarisation analyse ichtbar und 
neue Entwicklungen beim Bau von 
Multidetektoren oder opti chen Elementen 
nehmen konkrete Ge talt an. 

Wa ware ein wissenschaftliches Gebiet ohne 
die eugier der Studenten und jungen 
Wis enschaftler? Die Univer itat Grenoble und 
I PG veran talten jahrlich den Kurs HERCULES : 
Neutron and Synchrotron Radiation for 
Condensed Matter and Biology. Seit 1995 konnen 
die Studenten - die user von morgen - end lich 
wieder an den Geraten am ILL erste konkrete 
Bekannt chaft mit der Neutronen treuung machen. 

Eine weitere Veranstaltung verdient besondere 
Erwahnung. In den ersten Januartagen 1996 fand 
in Autrans ein workshop "Scientific Pro pect for 
Neutron Scattering with Present and Future 
Sources" statt. Unter dem Siegel ESF, weiter 
untersti.itzt von EC, ENSA und ILL animierte 
G. Lander 80 Teilnehmer in 10 Gruppen, i.iber die 
Gegenwart nachzudenken und Uber die Zukunft zu 
spekulieren. Dabei waren mehr al I /3 der 
Teilnehrner " neutrale" Wi senschaftler, die nicht 
auf Neutronen angewiesen ind . Die 
abschlieBende Paneldiskussion, geleitet von 
H.Curien, lieB mehrere Tendenzen erkennen: 

• Auch angesicht der marchenhaften 
Fortschritte der Synchrotronstrahlung stellt sich 
nicht so sehr die Frage X oder n, ondern weit 
afters das komplementare X und n. 

• Neutronenstreuung i t eine etablierte Technik 
geworden. Die achfrage wird weiter zunehmen. 
Ihre Anwendung wird in die Breite gehen und 
noch in weitere Fachgebiete vordringen. 

• Statt der einfachen Probe von ge tern finden 
s ich auf dem Probentisch immer komplexere 
Sy teme (wie z.B. oft matter, komplizierte 
Werk toffe). 

• Die MeBtechnik und Instrumentierung konnen 
und werden noch groBe Fortschritte machen. 

• Man nutze die bestehenden HochfluBquellen 
voll aus. 
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• Langfristig ollte man eine Quelle der 3. 
Generation vorbereiten. Hier hat wohl die gepulste 
Spallation die be ten Chancen, den FluB von heute 
noch einmal zu i.ibertreffen. 

Die Niederschrift die es work hops wird bei 
den anstehenden Di ku sionen um das zukUnftige 
wissenschaftliche Profil des ILL noch oft zu Rate 
gezogen werden. 

Eigentlich gabe e mit dem Betrieb von 
Reaktor und In trumenten und bei der taglichen 
Au einander etzung mit den wi en chaftlichen 
Ergebni en schon genug zu tun. Trotzdem sollten 
wir un von finanziellen und perso nellen 
Beschrankungen nicht ganz entmutigen !assen, 
sondern tandig versuchen, Methodik und 
lnstrumentierung weiter zu verbessern. Hierzu 
vom Lenkung aus chuB ausdriicklich ermutigt, 
sind jetzt fUr die kommenden fiinf Jahre Projekte 
im finanziellen Rahmen von etwa 7 MF pro Jahr 
geplant: D 17 so l I endlich zum Reflektometer 
umgebaut werden de s weiteren so llen die 
Instrumente D 16, INS , D4 und IN8 wesentlich 
verbes ert werden. 

Ein langjahriger Begleiter und steter Freund 
des lnstituts wurde am 8.Augu t 1995 auf dem 
Friedhof Montparnasse begraben. Seit den 
Anfangen des Instituts vertrat Dr.Jule Horowitz 
(1921 - 1995) das CEA Uber 20 Jahre im ILL­
Lenkung ausschuB. Seine Wei sheit , se ine 
Weitsicht und sein Engagement pragten zutief die 
Entwicklung de Instituts. 

Des weiteren beklagt die internationale 
Gemeinde der Neutronenforscher den Verlust von 
T. Riste (Kjeller) und A.R. Mackintosh (Risl/S). 

Am Rande der Sitzung des Lenkungsaus chusses 
wurde im November ein Vertrag unterzeichnet, 
mit dem zum l. Januar 1996 die Rolle de 
deutschen Ge ell chafters vom For chung zentrum 
Karlsruhe (KfK) auf da Forschungszentrum 
Ji.ilich i.iberging. Das ILL bedankt sich von Herzen 
bei KfK , vor allem natiirlich bei den Herren 
Greifeldt , Kio e und Hennies fUr die langjahrige 
treue Unter tUtzung und heiBt einen neuen 
Gesellschafter herzlich willkommen. 

Reinhard Scherm 



DIRECTOR 1 S REPORT 

At the end of 1995 , life at ILL paints a 
familiar picture. Everywhere you turn, there 
are users milling around, experiments being 

conducted, results being discussed: it is business as 
usual. Yet it was just one year ago that the reactor 
was restarted after a shutdown lasting almost four 
years. On 3 January 1995, authorisation to restart 
was received, three days later the reactor went 
critical and by 7 January it had reached full power. 
After a few weeks of testing, user operation was then 
officially launched at the end of February. 

Of course, there were a number of difficulties to 
be overcome durin g the restart period , such as 
occasional problems with a new piece of electronics 
or a new contra.I program or the teething troubles of 
a new multidetector. On one occasion, it even 
needed the keen powers of observation of a 
prominent guest to di scover a logic error hidden 
away deep within the readout electronics. We are 
grateful to our "friendly users" for the understanding 
they showed during this period and their willingness 
to lend a ha nd. Our scie nti s ts, engineers and 
technicians all gave their very best. 

One year into ILL's "second life" , 24 of the 
25 official ILL instruments are fully operational. 
A further 6 CRG instruments were added to this total 
during the course of the year by the independent 
Collaborating Research Groups. Scientific life with 
its ideas, experiments, debates and seminars is once 
again flouri shing. The figures speak for themselves: 
there were 3958 official beam days in 1995. A total 
of 1244 experimentalists visited ILL (2261 visits) 
and spent some 23, l 00 days at the Institut. 

In 1995, we were finally able to hold "real-time" 
meetings of the Scientific Council again. While 
measurements and experiments were being carried 
out on the instruments , the Sub-committees were 
already discus ing the new proposals for the coming 
months. Faced with a demand which exceeds supply 
by a factor of between two and three, it is at these 
meetings that deci sions are taken which orientate 
scientific activity and sometimes influence personal 
destinies. 

Following its reorganisation, the Council, whose 
Chairman is now appointed by the Steering 
Committee, has clearly gained in importance. Each 
project is assigned a so-ca ll ed "godfather" from 
among th e Council's ranks, who reports to the 
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meeting. This gives the Council direct contact with 
those responsible for the projects, thereby helping to 
create closer links between ILL and the outside 
world. The question of the "juste retour scientifique" 
has been discussed at great length. As stipulated in 
the Memorandum of Understanding on the 
Intergovernemental Convention, scientific merit is 
not the only criterion for selection. Allotted beam 
time should also reflect the financial commitment 
of the individual member countries. As neither the 
Sub-committees nor the Scientific Council welcomed 
this requirement with very much enthusiasm, it is 
left to the Management to make adjustments after 
the Sub-committee s have put forward their 
recommendations. The truth is that the dream of 
"open access" also requires generous funding . 

The fir st meeting of the Scientific Council 
provided a perfect opportunity and an ideal setting to 
celebrate the rebirth of scientific life at ILL 
following the refurbi shment of the reactor. Three 
witches were on hand to wish the ILL well, as were 
Nobel prize winners N. Ramsey and C. Shull, both 
old friends of the Institut, whose presence brought a 
spirit of wit and dignity to the festivities. Speaking 
in iambic verse, the witches hoped that the efforts of 
the scientists would be rewarded with success and 
that their cooperation would be fruitful. Norman 
Ramsey gave a talk on the inside of the neutron and, 
of course, also on what continues to be the smallest 
value of electric dipole moment ever obtained, while 
Cliff Shull spoke about the first heroic experiments 
with neutrons back in the days when the count rate 
was still noted by hand. 

Because neutron research contributes to solving 
problems in a wide variety of fields, the results are 
presented primarily at specialist conferences. It is 
precisely because of the multidisciplinary nature of 
its activities that ILL, as a centre for international 
exchange, has always made it its business to foster 
links between the different members of the neutron 
research community by organising workshops on 
specific science and methodology-related topics. 

The workshop "Quantum Tunnelling of Atoms 
and Molecules in Solids" explored a typical area of 
interest for neutron researchers, that of tunnelling 
movements in solids at low temperatures, a topic 
which is closely rel a ted to high-resolution 
spectroscopy. At Les Houches, 60 delegates gathered 
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to take part in a workshop upported by the EC 
entitled "New Tools for Neutron Instrumentation". 
This event demonstrated only too clearly that, in the 
art of instrumentation, the po ibilities are far from 
exhau ted. For example, we are seeing the 
emergence of a promising new technique for 
polarisation analysis and new developments in the 
construction of multidetectors and optical elements 
are beginning to take hape. 

What would a scientific field be without the 
curiosity of students and young scientists? Every 
year, the University of Grenoble and the INPG 
organise a cour e known as HERCULES: Neutron 
and Synchrotron Radiation for Condensed Matter 
and Biology. In 1995, the students taking part in the 
programme, who are after all tomorrow's users, were 
finally able once again to have their first real taste of 
neutron cattering using ILL instruments. 

Another event de erves particular mention . At the 
very beginning of January 1996, a work hop entitled 
"Scientific Prospects for Neutron Scattering with 
Present and Future Sources" wa held in Autran . 
This event was organised under the auspices of ESF, 
with additional support from the EC, ENSA and 
ILL. Under the guidance of the workshop's 
moderator, G. Lander, the 80 participant , who were 
divided into 10 groups, were encouraged to think 
about the present and speculate on the future of 
neutron scattering. More than one-third of tho e 
taking part were "neutral" scientists who do not rely 
on neutrons for their work. The concluding round 
table debate, led by H. Curien, revealed a number of 
trends: 

• Even in view of the spectacular progress being 
made in the field of synchrotron radiation, it is rarely 
a matter of choosing either X-rays or neutrons but 
far more often a que tion of making complementary 
u e of X-ray and neutron . 

• Neutron cattering has become an established 
technique. Demand is set to increase. Its field of 
application will grow a it break into till more 
specialist area . 

• The straightforward sample of yesterday are 
being replaced by increasingly complex systems 
(such as soft matter and complicated materials). 

• Further major progre can and will be 
made in the field of measuring technique and 
instrumentation. 
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• The capacity of existing high-flux sources ought 
to be used to the full. 

• In the long term, we should be preparing the 
way for a 3rd generation source. In this context, 
pulsed spallation is the technique most likely to 
produce the next flux increase. 

We can expect the proceedings of this workshop 
to be con ulted frequently during the forthcoming 
di cussions on the scientific profile of ILL. 

We may feel that we already have quite enough to 
do with the running of the reactor and instruments 
and our daily confrontation with cientific results. 
However, we mu t not be completely disheartened 
by financial and staff re trictions and must 
constantly try to improve method and in trument 
still further. To this end and with the full support of 
the Steering Committee, a programme of projects to 
be carried out over the next five years ha been 
elaborated within the framework of an envelope 
worth some 7 million franc per year: 017 i finally 
to be converted into a reflectometer, while 
substantia l improvements will be made to 
instruments D 16, INS, 04 and IN8. 

On 8 August 1995, a long-standing ally and 
devoted friend of the lnstitut was laid to re t in the 
Montparna e cemetery. Since the early day of the 
Institut and for more than 20 years, Dr. Jules 
Horowitz ( 1921-1995) represented the CEA on the 
ILL Steering Committee. His wi dom, fore ight and 
commitment have had a profound influence on the 
Institut's development. 

The international community of neutron cientists 
was also addened by the death of T. Riste (Kjeller) 
and A.R. Mackintosh (RisS!!). 

On the fringe of the November meeting of the 
Steering Committee, a contract was igned to mark 
the tran fer , on 1 January 1996, of the role of 
German Associate from Forschung zentrum 
Karlsruhe (KfK) to Forschung zentrum Jtilich. ILL 
would like to take this opportunity to thank KfK, 
and in particular, of course, Me rs. Greifeldt, Klose 
and Hennie for their loyal upport over the year , 
and to welcome its new A ociate. 

Reinhard Scherm 
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Fin 1995, l'Institut a retrouve son image 
habituelle. Partout des utilisateurs presses, Jes 
experiences sont realisees, les premiers 

resultats discutes : "business as usual". Et pourtant, 
ii n'y a qu ' un an que le reacteur redemarrait, apres 
un arret de presque 4 annees. Suite a l'autorisation 
de remise en service le 3 janvier 1995, le reacteur 
divergeait le 6 janvier et atteignait sa puissance 
nominate le 7 janvier. Apres quelques semaines de 
contr61es et de tests, la fin fevrier marquait l'arrivee 
officielle des utilisateurs. 

Bien entendu, cette periode de reprise ne s'est pas 
faite sans quelques difficultes : un nouveau materiel 
electronique, un nouveau programme de contr6le a 
mettre au point, un "defaut de jeunesse" d'un 
multidetecteur nouvellement livre a corriger ; ii a 
meme fallu l'attention d'un invite eminent pour 
decouvrir une erreur Iogique dissimulee dans 
l'electronique de sortie. Nous tenons ici a remercier 
nos "friendly users" qui se sont montres 
comprehen if et n' ont pas hesite a mettre la main a 
la pate. Nos scientifiques, ingenieurs, et techniciens 
ont tous donne le meilleur d'eux-memes. 

Apre cette premiere annee dan la "deuxieme 
vie" de I' ILL, 24 des 25 instruments officiels de 
l' ILL fonctionnent a plein. De plus, 6 instruments 
CRG appartenant a des Groupe de Collaboration 
Scientifique independants sont venu s'y ajouter. La 
vie scientifique, avec ce qu'elle represente d' idees, 
d' experiences, de discussions et de seminaires, est 
de nouveau en plein essor. Quelques chiffres le 
prouvent : 3958 jours de faisceau officiellement 
programmes en 1995. Au total 1244 experimentateur 
ont venus a I' ILL (2261 visites) et y ont ejourne 

quelque 23 I 00 jours. 

En 1995, nous avons enfin pu revivre "en temp 
reel" Jes reunions du Conseil Scientifique. Pendant 
que , ur le instruments, Jes mesures et Jes 
experiences se poursuivaient, les Sous-Comites 
di cutaient les nouvelles propositions pour les moi 
a venir. Les demandes d'experiences etant de 2 a 3 
fois superieures aux possibilites, ces instances fixent 
des orientations scientifiques et influencent parfois 
des de tins . 

Dans sa forme actuelle, avec le President nomme 
par le Comite de Direction, !'importance du Conseil 
Scientifique s'est considerablement renforcee. 
Chaque projet est parraine par un membre du 
Con eil , qui fait un rapport lors de la reunion. 
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Des contacts directs sont ainsi crees avec Jes 
respon ables de projets, ce qui contribue a etablir 
des relation plus etroites entre I 'ILL et le monde 
exterieur. La question du "juste retour scientifique" 
a ete longuement discutee. Comme il est stipule 
dans le Protocole d ' accord a la Convention 
Gouvemementale, la qualite scientifique n'est pas le 
eul critere de election. Les temps de mesures 

accordes doi vent egalement refleter I' engagement 
financier des pays membres. Cette exigence n'ayant 
ete accueillie avec enthousiasme ni par Jes Sous­
Comites ni par le Conseil Scientifique, ii revient 
done a la Direction d'effectuer quelques corrections 
apres Jes recommandations des Sous-Comites. 
Le reve du " libre acces" a bien pour condition un 
financement genereux. 

La premiere reunion du Conseil Scientifique a ete 
!'occas ion de feter la renaissance de l ' activite 
experimentale de l'ILL suite a la renovation du 
reacteur. Trois sorciere ont presente leurs voeux, et 
la presence de N. Ramsey et C. Shull , Prix Nobel de 
Physique, tous deux ami de longue date de notre 
In titut, a confere a cette fete Esprit et Dignite. Sous 
une forme poetique, le sorcieres ont souhaite aux 
chercheurs de voir leur effort couronnes de ucce 
et de reus ir a etablir des collaborations fructueuses. 
Norman Ramsey a fait un expose sur l' interieur du 
neutron et naturellement sur la plus petite valeur du 
moment dipolaire electrique obtenue jusqu 'a 
present. Cliff Shull nou s a parle des premieres 
experiences hero'ique realisees avec des neutron , 
du temps ou Jes taux de comptage etaient encore 
notes a la main. 

La recherche neutronique contribue a resoudre 
de problemes dans le domaines Jes plus diver , 
c'e t pourquoi Jes resultat obtenus sont en premier 
I ieu pre entes dan s le cadre de conference 
d'expert . C'est en raison de cette pluridisciplinarite 
que l ' ILL , en tant que centre d'echange 
international, a toujours eu a coeur d'encourager les 
relation au sein de la communaute heterogene des 
chercheurs neutronique en organisant des 
workshops sur des theme s sc ientifiques et 
methodique bien specifiques. 

Le workshop "Quantum Tunnelling of Atoms and 
Molecules in Solids" traitait d' un theme typique de 
la neutronique : mouvements tunnels dans Jes corps 
olide a bas ses temperatures, une thematique 

etroitement Iiee a la pectroscopie a haute resolution. 
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Aux Houches 60 sc ientifiques ont pri s part a un 
workshop s ubventionne par la CE intitule 
"New Tools for Neutron Instrumentation". Cette 
manifestation a clairement demontre que, dans l'art 
de ('instrumentation , toutes Jes poss ibilites etaient 
loin d'etre epuisees. Par exemple, une nouvelle 
methode d 'analyse de polarisation se dessine, qui 
semble tout a fait prometteuse pour l'avenir, et de 
nouveaux developpements dans la con truction de 
multidetecteurs ou des elements optiques e 
concretisent. 

Que serait un domaine cientifique san la 
curiosite des etudiants et de jeune chercheurs ? 
L'Universite de Grenoble et l' [NPG organisent 
chaque annee le cour HERCULES : Neutron and 
Synchrotron Radiation for Condensed Matter and 
Biology. Depui 1995 , Jes etudiants, qui ont Jes 
utili sateur de demain, ont a nouveau acce aux 
instruments de I' ILL et peuvent faire connais ance 
de maniere concrete avec la diffu ion neutronique. 

II convient egalement de mentionner une autre 
manifestation importante. Dans les premier jours de 
janvier 1996 a eu I ieu a Autrans un workshop 
intitule "Scientific Prospects for Neutron Scattering 
with Present and Future Sources". A I' initiative de 
l'ESF et avec le soutien de la CE, de l'ENSA et de 
l ' ILL , cette reunion, animee par G. Lander, a 
rassemble 80 participants, repartis en I 0 groupes, 
qui ont reflechi sur le present et specule sur l'avenir 
de la diffusion neutronique. Plus d ' un tiers de ces 
participants etait des scientifiques "neutres", c'est-a­
dire dont les travaux ne dependent pas directement 
des neutrons. La table ronde finale, dirigee par 
H. Curien, a permis de di tinguer plusieurs tendances : 

• Face aux progres fabuleux du rayonnement 
synchrotron, la question qui se pose actuellement 
n' est pas tant le choix entre rayons X et neutrons, 
mais bien plus la complementarite rayons X et 
neutrons. 

• La diffu ion neutronique est maintenant une 
technique reconnue. La demande continuera a 
augmenter. Son domaine d'application s'e largira , 
d'autres specialites y auront recour . 

• Le echantillons simple d'hier sont remplaces 
par des systemes de plus en plus complexes 
(par exemple matiere molle, materiaux compliques). 

• Les techniques de mesure et ('instrumentation 
peuvent encore e developper et feront des progres 
importants. 
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• Le ources a haut flux actuellement exi tantes 
doivent etre exploitees a pleine capacite. 

• n faudrait a long terme preparer une source de 
la troisieme generation. La spallation pul ee emble 
la mieux placee pour surpasser le flux dont nous 
disposons actuellement. 

Le compte rendu de ce workshop sera encore 
souvent consulte au cours de discussions qui auront 
lieu prochainement sur le futur profit scientifique 
de l'ILL. 

Le fonctionnement du reacteur et de in truments 
ainsi que la confrontation quotidienne aux resultats 
sc ientifique pourraient nou s embler une tache 
suffi sante . Nou ne devon cependant pa nous 
laisser decourager par le limitations financieres et 
le s restriction de per onnel, mais devons 
constamment e ayer d'reuvrer pour ameliorer Jes 
methodes et les in trument . Le Comite de Direction 
nous a formellement encourages a travailler dans ce 
ens, et, pour les cinq annees a venir, des projets ont 

ete elabores dans le cadre d' une enveloppe financiere 
de 7 MF par an : D 17 doit enfin etre transforme en 
retlectometre, les instruments DI 6, INS , 04 et IN8 
feront l'objet d 'ameliorations ubstantielles. 

Un ami fidele, qui a accompagne l'ILL pendant 
de nombreuses annees, nou s a quittes et repose 
depui le 8 aout 1995 au cimetiere Montparnasse. 
Depuis l'origine de l'Institut et pendant plus de 
20 an , le Dr. Jules Horowitz (1921-1995) a 
represente le CEA au Comite de Direction de l' ILL. 
Sa ages e, sa vision a long terme et on engagement 
ont eu une influence profonde et positive sur le 
developpement de l'Institut. 

La communaute internationale des neutroniciens 
a ete egalement tristement marquee par le deces de 
T. Riste (Kjeller) et A.R. Mackintosh (Risq>). 

Parallelement a la reunion du Comite de 
Direction, un contrat a ete s igne en novembre 
portant sur le remplacement, a dater du 1 er janvier 
1996, du Forschungszentrum Karl sruhe (KfK) par le 
Forschungszentrum Jtilich en tant qu' Associe 
allemand. L'ILL remercie vivement le KfK, en 
particulier M. Greifeldt , M. Klose et M. Hennies 
pour le soutien qu 'i ls ont apporte au cours des 
annees a l' lnstitut, et souhaite la bienvenue a son 
nouvel Associe. 

Reinhard Scherm 
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Relations with ESRF and EMBL 

The relations with ESRF have continued to develop at the 
management level through direct contacts between the 
Director-General of ESRF and the Director of ILL, and in 
regular meeting between the two Head of Administration. 

ILL and ESRF together went on pressing for much-needed 
improvements in the provision of International Schooling 
for the children of their non-French staff in local schools. 
Apart from a certain progress in creating a more original and 
open teaching system (Charter for international schooling 
in Grenoble) the problem of premises remains unsolved. 
This unacceptable ituation has lasted for years and promises 
proved to be hollow ones. Both ILL and ESRF raised the 
question of international chooling with Mme Dufourcq, 
French Secretary of State for Research, during her visit to 
the In titutes on 23rd June. The latest developments de erve 
particular attention. The Mayor of Grenoble has recently 
proposed the setting up of an international school complex 
("Cite Scolaire Internationale") with all the necessary 
facilities (reception offices, sports facilities, library, 
canteen etc.) on an easi ly acce sible ite located close to the 
science pole. This proposal is supported by the local 
authoritie . The Managements of ILL and ESRF will follow 
very carefully these new ideas in order to ensure that this 
project is more than just an empty promi e. 
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ILL and ESRF receive a large number of visitors from 
countries (Northern Europe, Germany etc.) having better 
airline connections with Geneva airport than with Lyon­
Satolas airport. It is consequently important to have good 
railway connection between Geneva and Grenoble to avoid 
long waiting times for the e visitors. ILL and ESRF 
therefore jointly approached the SNCF (French Railways) to 
reque t the improvement of the connections. The SNCF, 
acknowledging our common arguments, finally decided to 
add a new connection from 24th September onward. 

The extension of the jointly-used building ILL20 has been 
completed. ILL acted as the ecretariat of the "Comite de 
ge tion de !'extension de l'EMBL", and managed the 
financing received from the French Ministries, the "Region 
Rh6ne-Alpes" and the "Departement de l'Isere". A new 
agreement is now being discus ed between ILL and EMBL 
in order to redefine the rights and duties of each institute 
regarding the enlarged building. 

ILL, ESRF and EMBL have a common computer network 
for accessing INTERNET. In order to protect this network 
against intrusion, the three institutes decided to install a joint 
"firewall". This was done in June J 995. ILL has al o signed, 
in its own name and for ESRF and EMBL, the Security 
Charter for the use of the French network REN ATER. 



COLLEGES 
■ 

The scientific life of the ILL is organised through the Colleges. The Colleges are the forum for scientific 
contacts and exchanges. The College Secretarie organize seminars and meetings. 

The scientist have their hierarchical positions defined in the Science Division. In this respect, they are 
instrument responsible and have the duty of dealing with more technical topics. As regards their scientific 
acti vities on the other hand, they are left with the utmost freedom, to choose individually their main fie ld of 
interest. 

The College Secretaries are elected in June each year fo r a term of one year, which can be renewed for a 
second year. 

College Secretaries in 1995 

Spring Autumn 
College 2: Theory P. Bares A. Pimpinelli 

College 3: Nuclear G. Fioni U. Mayerhofer 
and Fundamental Physics 

College 4: Structural and Magnetic J. Kulda N. Pyka 
Excitation 

College 5: Crystal and Magnetic G.J . McIntyre (5a) S. Mason (Sa) 
Structures C. Ritter (S b) C. Ritter (Sb) 

College 6: Structure & Dynamics I. Ander on H. Fi cher 
of Fluids and Glasses 

College 7 Material Science, H. Lauter H. Lauter 
Surfaces and Spectroscopy 

College 8: Biological Structures L. Vuillard P. Langan 
and Dynamics 

College 9: Structure & Dynamics H.J. Lauter B. Frick 
of Soft-condensed Matter C. Lartigue 

The Colleges (except Theory) corre pond one-to-one to the Subcommittee of the Scientific Council. The 
College Secretaries (with help from the Scientific Coordination Offi ce, H. Btittner) prepare the meetings of 
the Subcommittees. They classify the proposals by subject and collect advice on their technical feasibility 
from the College members. In the meetings of the Subcommittees they act a ecretary to the Chai rper on. 
One experienced ILL sc ienti t (if poss ible a Vi iting Senior Scientist) per Subcommittee al o attends the 
meetings. 
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Theory 

Members of the College 

Internal Members 

P.-A. Bares 
S. Brazovski 
Yu.A. Bychkov 
N. Cooper 
T. A. Costi 
I. 0zyaloshin ki 
B. Fourcade 

External Members 

M. Altarelli (ESRF) 
0.K. Andersen (ESRF) 
P. Carra (ESRF) 
P. Johansson (ESRF) 
H. Konig (ESRF) 

F. Gebhard 
A. Gogolin 
K. Kassner 
T. Martin 
P. Nozieres 
A. Pimpinelli 
A. Wiirger 

N. Manini (ESRF) 
0. Nuiiez-Regueiro (ESRF) 
M. Papoular (ESRF) 
B. Thole (ESRF) 
M. Van Veenendaal (ESRF) 

Scientific activity in 1995 
The scientific activity of the Theory College during 1995 

has focused on condensed matter. The major topics 
examined were: strongly correlated system (with and 
without impurities), mainly in low dimensionality, 
dissipative systems, surface properties, crystal growth and 
membranes. As always, the composition of the Theory 
College has varied greatly during the year. P.-A. Bares left 
for Switzerland, I. 0zyaloshinski moved back to hi home 
institution, A. Gogolin left for the Imperial College in 
London, K. Ka sner left for Germany, while N. Cooper, 
T.A. Costi and F. Gebhard joined the College la t 
November. A number of active cientists visited our College 
for short periods: C. Caroli, B. Clements, M. Kagan, 
E.l. Kornilov, B. Toperverg and A. Tanguy. 

P.-A. Bares has continued his research on a class of 
one-dimensional strongly correlated model with impuritie . 
In particular, he found that a olvable t-J model with 
impurity has zero re istivity due to the fact that only forward 
cattering occurs. This is very exceptional and probably true 

for the whole cla s of solvable models. In collaboration with 
K. Kassner, he inve ligated the possibility of exact olution 
in a spin system coupled to a bo on field. The original 
motivation was to as ess the effect of correlations on the 
transition of the single-mode radiation field to the 
superradiant tate. 

S. Brazovski ha studied the role of intrinsic defect in 
density wave sy terns and layered superconductors. These 
systems are connected by a common subject which may be 
called: "equilibrium and induced plasticity of electronk and 
vortex crystals" or "anomalous plasticity, sliding and 
melting in fragile uperstructures". This work was the 
continuation of the programme followed by S. Brazovski 
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during his previous long stay at ILL in 1992-93. 
Applications are expected to the joint ILL-ESRF-CRTBT 
and ILL-LPS (0rsay) experiments on scattering by charge 
density waves. The completed tages address the 
experimental studies in CRTBT - Grenoble and LPS - 0rsay. 
Metastable plastic deformations of sliding electronic cry ta! 
determine their low frequency response, long-time relaxation 
and nonlinear I-V characteristics. The author presents a 
theory of plastic deformations due to the pinning-induced 
dislocation loops which cause the local metastable tale. 
Within the same model, two remarkable features commonly 
observed in charge and spin density waves are described. 
Both the anomalous peak of the response at a frequency­
dependent temperature and the characteristic I-V curve with 
a second threshold field in the sliding regime appear. 
The features of the response result from a competition 
between the local relaxation and the collective pinning 
caused by freezing of the Coulomb screening. The upper 
critical field in I-V curve i reached when the shortest life 
time configurations are accessed by the fast moving den ity 
waves. S. Brazovski has also developed a theory related lo 
the NMR experiments in layered superconductors, which 
reveal an unexpectedly large concentration of highly 
diffusive thermally activated defects: interstitials and 
vacancies proliferate below melting and indicate the 
presence of unbound 20 dislocations above it. Also the 
ob erved critical 2D regime of freezing i. interpreted as a 
fluctuation enhancement effect. 

Yu.A. Bychkov has inve ligated the existence of 
topological defects, known as skyrmions, within the spin 
exciton band of a 20 electron gas in a strong magnetic field 
at a filling factor equal to 1. The Hartree- Fock 
approximation was u ed. In the linear momentum 
representation, it was shown that the inhomogeneity created 
in the system by a charged kyrmion can be de cribed by a 
nonuniform rotation of the spin density operators in a 
conden ate of spin exciton . In the limit where the spatial 
dependence is very smooth over the magnetic length, it was 
found that the winding number of created skyrmions is equal 
to the number of particle injected into, or removed from, 
the system. 

N. Cooper arrived at ILL in November, and since this 
time he has predominantly focu ed on the continuation and 
completion of certain projects initiated during his previous 
post-doctoral position at Harvard University. Thi included 
the revision of a paper concerning the theory of 
photoluminescence in the Wigner cry ta) regime of two­
dimensional electron systems, which has been submitted for 
publication; the preparation of a sub equent paper on the 
same subject ; and the conclu ion of a long-term project, 
started in collaboration with a po t-doc at Harvard, 
concerning the luminescence spectrum of two-dimensional 
electron systems at filling fractions clo e to one. He also 
prepared a seminar on the results of this last activity which 
was presented as part of the Nozieres seminar series. 
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T. A. Costi also arrived in November. He has completed 
earli er work on the equilibrium dynamics of the dissipative 
two-state sys te m , started in Karls ruhe wi th a d ip loma 
student, C. Kieffer. In this work they showed that the two­
state system coupled to ohmic d issipation is equivalent to 
t he an isotrop ic Ko ndo mode l fo r the whole range of 
di ssipation strengths, a, between O and 1. They considered 
the dynamics of the two-state system by calculating the spin 
res ponse of the anisotropic Kondo model using Wilson's 
momentum shell renormali zation group method. The results 
are of relevance for interpreting the tunneling of protons and 
muo ns in so lids as we ll as fo r understanding the role of 
di ss ipation in macroscopic quantum coherence experiments 
in rf SQUIDs. This work is being extended to calculate non­
equilibrium corre lation functions for the two-state problem 
by analogy to the calculation of response functions in the x­
ray problem. Preliminary res ults for the spin-boson model 
re produce the ex pec ted be hav iour fo r weak and stro ng 
di ss ipati on. The approach can be app li ed to corre lated 
tran port through small devices. 

1. Dzya loshinsk i spent two and a half months at ILL, 
as part of a period of sabbatica l leave from the Uni versity of 
Ca li fo rni a, Irv ine. During hi s s tay in Gre noble, he was 
co ncern ed with th e a nomalo us be hav iour of 2 D Fermi 
liquids when the Ferm i leve l li es c lose to a van Hove 
singularity. The density of states then displays a logarithmic 
s in g ul a rit y, co rres po ndin g to th e co ns ta nt e ne rgy 
hype rb o lae. Thi s Log add s up to th e us ua l Coope r 
singularity. It is then poss ible to collect systematically all 
terms of order Log2, thereby const ructi ng a new scaling 
analys is. It is then fo und that momentum and energy are 
equ ally s ingul ar and that they are characterized by non­
trivial, coupled caling equations. As the temperature fa lls, 
when the Fermi level lies exactly at the van Hove point, the 
Fermi veloc ity changes sign at a criti ca l Tc, marking the 
breakdown of the Fermi liquid regime. As it stand s, the 
theory ceases to be va lid at thi s point, and cannot predict 
what happens whe n T < Tc- but does clearl y identi fy the 
nature of the singularity. 

B. Fo urcade has worked o n soft conde nsed matte r 
proble ms, in vo lving me mbrane sha pes and instabilities. 
Besides hi s research activities, he taught four courses at the 
Uni versity Joseph Fourier. With one of hi s students, Thierry 
Charita t , he has inves tiga ted the phys ica l pro perti es of 
membranes with complex topo logies . These sys tems are 
non-trivial and they are experimentally observable. The ir 
a nalys is was based on a compl e te analyti ca l approach 
supported by numerical calculati ons. The main points to 
no te are: " passages" between me mbranes can repe l or 
attract depending on the geometry; these systems are not 
sensiti ve to shear deformations; two types of phases can 
exist depending on the concentration of passages. With the 
same student, he is presentl y studying the physics of an 
e lastic toroidal rope . Because of a spontaneous curvature, 
they have shown that there ex ists a non-triv ial bifurcation 
fro m a planar state to a helicoidal state. This problem may 
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have interesting relations to the elastic properties of D.N.A. 
With another student, Norbert Kern, he has studied the effect 
of fe rrofl uid particles on the shape of a membrane. They 
mainl y concentrated on the case where the ferrofluid is a 
thin layer stuck to the membrane. Thjs allows the response 
of a membrane to a magnetic fie ld to be studied. This work 
was motivated by experimental ists (J. Baccry, fro m Paris). 
Finally, B. Fourcade has drafted a preliminary version of hi s 
lecture notes for the Classical Mechanics course. 

F. Gebhard was at ILL for six months in 1993/94 and 
rejoined the Theory Group in November 1995 after he had 
obtained his Habilitation from the Philipps-Uni versitiit of 
Marburg, Germany. Hi s thes is work concerns the Mott 
metal-insul ator transition, which is governed by electron 
correlations. Its Engli sh translation, which he is presently 
working on, will appear in the tex tbook seri es Springe r 
Tracts in Modern Physics in 1996. After completi on of the 
Habilitation procedure, F. Gebhard was concerned with the 
optica l absorption of ti ght-binding electrons in half- fill ed 
Peierls-di storted chru ns, both for weak and strong electron­
elec tro n interactions. Together wi th hi s co llaborators at 
Marburg Uni vers ity, he sc rutin ized the structure of the 
c urre nt a nd th e dipo le o pe rato r fo r one-dim e ns iona l 
electrons and gave ex plicit analyti ca l results for the linear 
optical absorption for the case of non-interacting electrons. 
They also provided analyti cal results for the case of strongly 
correlated electrons when the Hubbard interaction U is large 
co mp a red to th e e nergy sca le fo r spin exc itat ions J . 
Including the Peierl deformation and a neares t-neighbor 
interaction V, they obtained an exact olution for the optical 
absorption fo r the case of an incoherent spin background, 
and Simpson's exciton bands were recovered. The more 
reali stic case of a de finite ground state could be treated 
within a "no-recoil" approx imation. The spectra now di splay 
single exc iton lines whose intensity depends greatly on the 
s pin s tru c tu re of the gro und s ta te. The res ult s w ill 
subsequently be applied to the optical absorption of charge­
transfer salts and, tentati vely, to conjugated polymers such 
as polydiacetylene. 

A. Gogolin has studied , in collaboration with Michele 
Fabrizio, how non-tri vial boundary conditions can affect the 
behavior of a one-djmensional electron gas. In thi s work, a 
ge nera l "o pe n-b o und ary boso ni za ti o n" meth od was 
fo rmul ated , whi c h made it poss ibl e to obta in all the 
correlati on functions of the electro n fie lds and to study 
various physical processes (e.g. electron tunneling between a 
quantum wire and a superconductor). A. Gogolin has also 
analyzed the influence of electron-phonon coupling on the 
orbit all y degenera te impurity ions and fo und th at thi s 
co uplin g may be re leva nt and res ult in an interes tin g 
interplay between the Kondo and the Jahn-Teller effect. He 
has furthermore proposed a solvable model for an impurity 
spin embedded into a superconductor. 

K. Kassner has in ves tigated the linea r stability of a 
sandwich structure (ABA) consist ing of two elas ti cally 
di fferent so lids submitted to uni ax ial stress . Thi s work , 
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which was carried out in collaboration with Chaouqi Misbah 
from U.J.F., resulted in a strong di screpancy with similar 
calculations by Grilhe et al. fo r epitaxially grown material s. 
Grilhe et al. fo und that whe ther a "s tra ngul atin g" o r a 
"meandering" mode was unstable for a thin layer of materi al 
B depended on whether or not B was softer than A, whereas 
accordin g to ca lcul a ti o n by Kass ne r and Mi s bah th e 
strangul ating mode was a lways more unstable fo r large 
wavelengths. This discrepancy was traced back to the use of 
different boundary conditions for the elasti c fi elds used by 
the two groups. However, neither set of boundary conditions 
is entirely sati sfactory. The issue has not yet been clarified. 
K. Kassner has also devoted time to two other projects, one 
with P. Metzener from EPF Lausanne, the other with C. 
Misbah. In the first project, the authors were concerned with 
the question of wavelength selection of stationary patterns in 
direc tion a l so lidifi ca tion and its relati on to sy mm etry 
breaking of either a spontaneou nature or as imposed by an 
ex ternal flow . They found that whenever both the bas ic 
pattern and the equations of motion exhibit parity symmetry, 
there is no wavelength selection. In trave lling waves this 
symmetry is broken, so there is a fi xed wavelength at fi xed 
velocity. However, since the velocity itself is a new degree 
of freedom, the wavelength is still not stri ctl y selected, 
beca use th e ve loc it y ca n va ry, leadin g to diffe re nt 
wavelengths. In the second project, the authors studied the 
coupling of di ffusional and elas tic instabilities in directional 
solidificati on. The presence of a temperature gradi ent in 
direc ti ona l o lid ifi cat io n (a nd in a lmos t a ll indu stri al 
processes involving the casting of alloys) leads to a strong 
modification of typical wavelengths to be expected in the 
Asaro-Tiller-Grinfeld in tability (the temperature gradient 
provides an effective "gravitational fi eld" that is increased 
by several order of magni tude). They can become of the 
same order of magnitude as the lengthscales ari ing from the 
Mullins-Sekerka instability. Thus a strong coupling between 
the two instabilities can be inferred. Linear stability analyses 
a well as a weakly nonlinear analysis have been performed. 
They show tha t the uppe r and lower thresho ld s of the 
Mullin s-S ekerka instabili ty are shifted by an o rder of 
magnitude by internal stresses as weak as 0. 1 bar (and these 
thresholds disappear altogether fo r larger stresse ). 

T. Martin has investigated the crossing time of a tunnel 
barrier using Feynman path integrals. The average time can 
be expressed as the deri vati ve of the transmission coeffi cient 
for any barrier. The feasibility of defining a real and positive 
cross ing time has been con idered. It has been conc luded 
that onl y higher-order moments give a reasonable answer. 
T. Martin has also extended the wave-packet approach used 
for computing shot noise in mesoscopic conductors to the 
description of normal-superconducting junctions. At low 
temperatures, and fo r an applied voltage smaller than the 
superconducting gap, a formula is obtained which refl ects 
the suppression of shot noise. The transmiss ion probability 
is replaced by the Andreev re fl ection probability, and the 
elementary charge is twice the e lectro nic charge . Until 
October l 995, T. Martin was in charge of the ILL and the 
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joint ILL-ES RF seminars. Since last summer, he has been 
busy organizing the XXXI Moriond Meeting in condensed 
matter, th at took pl ace on 20-27 Janu ary 1996 . He has 
chosen the title : "Correlated fer mions and transport in 
mesoscop ic sys tems" . T he main topics were: norm al­
superconducting junctions, Luttinger liquids, frac ti ona l 
qu antum Hall effec t, pe rsis tent c urre nts, 10 sys tems, 
quantum boxes, and locali sation. 

P. Nozieres took his sabbatica l year from College de 
France in 1995. He ha thus attacked everal items. Together 
with C. Caroli , he has investigated " solid on solid" friction. 
The phenomenological laws governing friction were already 
known to Leonardo da Vinci, and were stated explicitly by 
Coulomb two centuries ago. Tabor, around 1950 pointed to 
the ro le of plas ti c ity in the geometry of local contac ts . 
Recent developments concern the "stick-s lip" re laxation, 
and find their moti vation in the geophysical problem of the 
motion of fault edges. Superb experiments by the group at 
the Eco le Norm ale Superi eure s how th e e xis tence of 
logarithmic precursors and scaling laws relating stati c and 
dynamic fricti on. A l/f noise spectrum is also observed, and 
one wo uld wish to ex pl a in thi s ph enome non . A semi ­
microscopic model has been constructed to describe the 
gliding of a skate on a substrate. The existence of asperities 
on both surface is assumed. This creates a trapping potential 
V when the skate touches the substrate. Each active trap is 
characteri sed by a configuration va1iable Pi which measures 
the di stance between two asperities. The potential V can be 
attracti ve or repulsive. In the dynamic regime all Pi between 
-oo and + oo are scanned. A time average must be taken. In the 
stati c regime, onl y the confi gurational average has to be 
taken. Every trap reacts elastically to the potential V, which 
generates a coupling between traps. If traps are far apart, this 
inte ra c ti on is weak a nd ca n be neg lec ted in f irs t 
approximation. The "one si te" problem is nevertheless still 
non-tri vial. For "soft" materi als, it can lead to a multistable 
regime, and thus to hysteresis. It is easy to show that for a 
monostable system in the quasistatic regime, the average 
friction vani shes (in local equilibrium energy di ssipation is 
not possible) . Friction is indeed caused by the di scontinuities 
due to hys teres is. The dynamic fr iction coeffi cient µd is 
directl y connected to the area of the hysteresis cycle, much 
in the sa me w ay as in th e mag netic hy ste res is o f a 
ferromagnetic material. If the pulling velocity is low enough, 
one ca n ex pec t an ant ici pa ted jump du e to th e rm al 
acti vation. This partly explains the observed logarithmical 
trans ient s. In th e s ta t ic reg ime, th e skate reco il s to 
compensate on average the traction force. The coeffi cient µ5 

needed to res ta rt is thu s equ a l to µ d: the sta ti o nary 
di stribut io n of th e co nfig urati on va ri abl es Pi mu st be 
recreated . To exp lai n the observat ion µ 5>µ d, a pl as tic 
relaxation of the traps must be invoked. Another logarithmic 
correction is thus introduced, and scaling laws between µ 5 

and µ dare observed, as sugges ted by the experime nts. 
Although weak, the interac ti on between tra ps pl ays an 
importan t ro le because of its long range. For multi stable 
traps in the static regime, it creates a screening length Ao, 
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w hi c h limits the ra nge of a ll e las t ic pe rtu rbatio ns. 
T he screening effect di sappears in the dynamic stati onary 
regime. In thi s case, the effect of all sites which break is to 
create a noise of the configuration variables Pi and this, in 
turn , causes other sites to break - whence the idea of an 
' ' ava lanc he of brea kd ow ns'' whi ch is li ke ly to be 
responsible for the observed noise spectrum. The theory of 
such avalanches is still sketchy, because a careful analysis of 
tim e corre la ti o ns is necessary to avo id diverge nces. 
Similarly, it must still be shown that the intersite coupling 
may induce multi stability for " hard" materials which are 
monostabl e at the s ingle s ite level (a minimum size fo r 
multi stable clusters would natura ll y appear). The essence of 
the model is in any case establi shed: solid fri ction is an 
hysteres is phenomenon, with all assoc iated compl ex iti es 
coming from acti vated jumps and interactions. 

P. Nozieres has also explored the often neglected role of 
elas ti city in crystal growth. Last year, ev idence of a step­
bunching instability driven by elasti c coupling between steps 
and adatoms was discovered. More generally, a step is seen 
to create on the substrate a non-vani shing resultant fo rce 
when a uniaxial stress is exerted on the surface . Two steps at 
a di stance d experience an interaction varying as In d. This 
interaction may destroy facets, which are replaced by two 
ex ponenti al profiles joining at an angle. This effect may 
explain a number of observations of the silicon surface by 
e lec tron microscopy. Anothe r questi on whi ch attracted 
Nozieres' attention was the Mott metal-insulator transition 
in a repul sive, half-fill ed Hubbard band . The transition 
corresponds to the Bose condensation of hole-electron pair 
triplets at the zone boundary (antiferromagneti c " SDW" 
state) . The problem is identic al to the superconductin g 
transition in the attractive case. ls the symmetry breaking 
unavoidable ? Can one have bosons which are not superfluid ? 
Can one have an insulator (with gap) without SDW ordering? 
The classical counterexample is the ID chain. Indeed, thi s 
example proves nothing, for the di sappearence of long-range 
order (superconducting or SDW) is, in this case, due to the 
continuous nature of the broken symmetry (the phase of the 
o rder parameter " rotates" slowly , without affecting its 
magnitude, which fi xes the gap). This analys is is confirmed 
by the exact solution of the Hubbard model with finite 
magneti za ti on, and al so by the direc t examinati on of 
macroscopic phase flu ctuations (for a bosonic chain , for 
instance). Finally, P. Nozieres considered the case of an 
antiferromagnet in an ex ternal fi eld B2 . This system exhibits 
a "spin -fl op" transition when z is an easy ax is. Bo th 
sublattices at fi rst orient themselves perpendicular to z, then 
they close continu ously until a crit ica l fi e ld is reached, 
where magnet iza tion jumps to its saturat ion va lue. The 
problem becomes richer if an exchange ani sotropy opposes 
the crysta l fi eld ani sotropy. If the latter favo urs the (xy) 
pl ane, and the exchange favo urs the z ax is, a region of 
values of B2 ex ists, where ferro magnetic ordering in the (xy) 
plane spontaneously appears. This unexpected effect should 
be observable. 
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A. Pimpinelli has worked on three main topics during 
1995. With C. Mi sbah and 0 . Pierre-Louis in Grenoble, 
prev ious work on a diffusional instabili ty of the Si( 111 ) 
vic in a l sur face sublim ating under DC or AC res ist ive 
hea tin g has bee n ex tend ed to cover th e very hi gh 
temperature limit (of the order of 90% of the bulk melting 
temperature) . In thi s temperature domain, surface vacancies 
are created which contribute to the movement of the steps. 
Assuming that the electri c current biases the diffusion of 
both adatoms and vacancie (electromigration hypothes is), 
the stability di ag ram of the sublimating surface can be 
computed. Qualitative agreement is fo und with experiments. 
Secondly, together with J.C. Arnau It, J .L. Bubendorff and 
J.P. Bucher in Strasbourg, A. Pimpinelli has investigated the 
kineti cs of surface cav iti es on NbSe2 during expos ure to 
ambient atmosphere. The cavities have monolayer depth and 
their radius is seen to vary as to. as a function of the time t. 
The exponent a"" 0.4 at small t, then it changes to I at larger 
tim es . Thi s crossover is inte rpreted in te rm s of a 
characte ri s ti c di ffus ion le ng th of th e chemi ca l agent 
responsible fo r the cav ity for mat ion (chemical etching). 
Using a simple di ffusion model it is possible to find the 
observed behaviour analyti call y and to estimate the potential 
e ne rg y barri e rs whi c h rul e th e kin e ti cs. Thirdl y , in 
collaboration with P. Pey la in Grenoble, A. Pimpinelli has 
investigated the growth of a crystalline vicinal substrate by 
atom depos ition, as a model for molecular beam epitaxy on 
stepped substrates. In particular, the authors have studied the 
scaling behav iour of the density of atom clusters in the 
submonolayer as well as in the thick-film regime. They have 
perfo rmed ex tensive Monte Carl o s imul ations and have 
solved a simple mean-field model based on rate equations 
for the cluster densities. The model clarifies some puzzling 
numeri cal res ults and even makes it poss ibl e to derive 
analytica lly the crossover scaling functi on, in exce ll ent 
accord with the simul ati ons. Finall y, A. Pimpinelli has 
worked on the completion of the Engli sh version of the book 
Physique de la croissance cristalline, which he has written 
together with J. Villain, and which was published early thi s 
year in French by Editi ons Eyrolles, Pari s. The Engli sh 
edition will appear with Cambridge University Press. 

A. Wi.irger joined the College in April 1995 and has 
since been working on di ssipati ve dynamics of two- level 
systems and tunneling of substituti onal defect s in alkali 
halide crystals. The findings of a mode-coupling approach to 
tunneling in amorphous solids have been compared with 
data observed fo r seve ra l ox ide g lasses (SiO2, GeO2, 

Be2O3), polycri sta lline metals (Ag, Al, Cu, Nb , Pd , Pt , 
and Ta), and polystyrene. There is strong evidence that the 
enhanced relaxation at about 5 K and the linear temperature 
depende nce of so und ve loc ity ari ses fro m in cohere nt 
tunne ling. Thi s theory, whi ch impli es that the tunne ling 
systems become overdamped above 5 K, proved to fit the 
data much better th an the thermall y ac ti vated process . 
Di ss ipati ve tunne ling in a doubl e-we ll potenti al with a 
phonon heat bath has been tac kled in several approaches, 
using di ag ramm ati c pe rturb at ion theo ry, path integra l 
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methods, and mode-coupling theory, with contradictory 
results as to the hjgh-temperature dynamics. (In a real-time 
path integral calculation, Leggett et al. claimed that the 
dynamics would not become overdamped, in contradiction 
with mode-coupling and perturbation theory .) Several 
aspects of this superohmjc spin-boson model are closely 
related to the diffusion of the small polaron coined by 
Holstein and others. Starting from the two-state polaron 
Hamiltonian and applying a si mple equation-of-motion 
method, the di ssipative two-state dynamics has been derived 
by means of a cumulant expansion of the resolvent operator. 
The first-order approximation yields a pair of complex 
poles; it is identical to the non-intera ct ing blip 
approximation (NIBA) developped by Leggett et al., and 
others. The second-order terms give rise to an additional 
relaxation pole on the imagin ary axis who se residue 
increases as a function of temperature from zero to unity. 
Rigorous upper and lower bounds for the high-temperature 
rate are established and the di sc repancy with the path­
integra l approach is reso lved. Lithium impurities in KCI 
crystals occupy off-center positions on the crystal axes, 
0.7 A from the original potassium site. At low temperature, 
thermally activated barrier crossing is inhibited and the 
motion between the eight off-center positions occurs by 
tunneling . At low density , mo st impuriti es may be 
considered as isolated from each other; yet there are a few 
nearby pairs which interact strongly. The di polar interaction 
J of two impurities on nearest-neighbour sites is by orders of 
magnitudes larger than the bare tunnel energy L\0 "' l K, 
re s ulting in coherent motion of the two ions. Using 
degenerate perturbation theory with respect to the small 
parameter L\0 /J , it is possible to calculate both the energy 
spectrum and response function of such a coupled pair. 
Since dipole moment p, di stance R and tunnel energy L\0 are 
known , there is no free parameter. The results describe 
quantitatively rotary echoes obtained from resonant 
microwave spectroscopy. For the two stable isotopes 6Li and 
7Li tunnel energies of 6L\0= 1.6 Kand 7 L\0 = I. I K are found 
respectively. Comparing data on samples doped with 6Li, 
7Li, or a mixture of both, yields an isotope effect which 
agrees with theory to within a few percent. This suggests the 
surprising fact that the tunneling states of a Lithium ion are 
not affected significantly by the dipolar interaction, which is 
of the order of I 00 K. Substitutional defects in alkali halides 
(such as Li+, BN -, Off in KCl , NaCl , LiF ... ) provide a 
model sys tem for the study of quantum tunneling in a 
crystalline environment. The dynamics is determined by the 
tunnel energy L\0 and the di polar interaction p2 !Rfi . In the 
dilute case ( < I 00 ppm), most impurities may be considered 
as non-interacting; yet a few of them are sufficiently close to 
form strong ly coupled pairs, which are observed by rotary 
ec hoes. With increas ing numb e r den s ity n = N/V of 
impurities, the average interaction np2 exceeds the tunnel 
energy and drives a cross-over from coherent tunneling to 
collective relaxation where the dimens ionless coupling 
parameter 111 = np2 /L\0 is equal to unity (at an impurity 
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concentration of about I 000 ppm ). In two-state 
approximation, the Hamiltonian for N impurities reads 

H = ½ L\o L, CJ~ +½~ J;j <J~oiz 
I I < ) 

where cr~ = ± 1 denotes two localized states for the defect 
at site i. Applying Mori 's reduction method, the dynamical 
susceptibility has been calculated as a function of the known 
quantities L\0 . number density n, and dipole moment p; there 
is no free parameter. Comparison with observed data for 
various defect systems with concentrations between 4ppm 
and 4000 ppm hows a quantitative agreement for frequency 
and temperature dependence of the susceptibility . The 
essential result is that there is cross-over from coherent 
tunneling to incoherent relaxation at m "' 1. For m > I the 
susceptibility decreases with rising concentration. 

Secretary: Alberto Pimpinelli 
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Summary 
At last the neutronless time of ILL can be regarded as 

history. With the neutrons, the normal scientific life of the 
College has res tarted. All fo ur instrume nts ass ig ned to 
C ollege 3 are operating in the ir normal mode. The cold 
polari ed neutron beam fac ili ty PFl as a new construction 
became o perati onal at the beginning of thi s year and the 
major components of the project GAMS5, a high resolution 
gamma-s pectrometer, were achjeved. 

The College was marked by the departure of its Senior 
Scienti st Mike Pe ndlebury. Two Instrument Responsi bles, 
W . Drexe l a nd J. Las t , left IL L. T wo new In stru me nt 
Respon ibles, V. Nesvizhevskj and 0 . Zimmer, started their 
acti vities at PF I. 
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Four thes is stude nts joined the College: T . Friedri chs 
(PN 1 ), C. Stellmach (PF2) and M. Weber (PF2) as members, 
C. Doll (PN3) as ex ternal member. 

Scientific Highlights in 1995 
At PNl Lohengrin 

During the reactor shutdow n period a moderni zation 
program on the PN I spectrometer was completed with the 
help of our ex ternal user groups. In particul ar a new foc using 
magnet is now operating on the ex it slit of the instrument 
and the hi g h te ns ion reg ulation was partl y improv ed. 
The first cycle of the year was used to test the high tension 
stability with a fi ssion fragment beam and the beam optics of 
the reconstructed spectrometer with inclusion o f the new 
magnet. The measurement . howed that the focusing magnet 
be haved acco rding to the ca lcul a ti o n. The new e t-up , 
toge the r with a new io ni za ti o n c hambe r, proved to be 
especia lly useful for yie ld measurements in ternary fi ss ion . 
Here, during the year, the Tiibingen group (F. Gonnenwein ) 
completed measurements of heavy particles from tripartiti on 
for the compound ys tem 24 1 Am (2 n,f), and could detec t 
nuclei at masses up to A = 35 . 

ILL-Munich (T. von Egidy) experiments concentrated on 
th e sea rc h of fi ss io n y ie ld o f ve ry exo ti c ne ut ro n-ri ch 
i otope from ternary spl its. From everal fiss il e compound 
systems 11 Li and 14Be could be detected, which are nuclei 
ituated at the edge of nuclear stability near to the neutron 

drip line . F ig. I hows the 11 Li re ult s in th e reac ti on 
239Pu(n,f). The measurements shed light on the exc itati on 
for light charged particles emitted in the fiss ion process. 11 Li 
is known to be bound by only 320 keY and is considered lo 
be a halo nucleus where the last two neutrons occupy orbit 
located very far from the 9Li center. If ternary particles were 
. trongly exc ited during fi ss ion, 11 Li wo uld decay before 
having left the target. The observation of a non-perturbed 
gau ian shape fo r 11 Li emiss ion demonstrates that thi i 
not the case. Our conclusion are that the heavier ternary 
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Fig. I: Emission of 11 Li particles i11 ternary fission of239P11(11,f) 



COLLEGE 3 

particles are unlikely to stem from a neutron-rich region in a 
stretched configuration of the fi s ioning system, in which 
case they would contain considerable excitation energy. 

To understand the ternary fi ssion process on theoretical 
grounds, calculations were performed on the basis of the 
Boltzmann model, developed formerly for binary mass splits 
[I]. Under the as umption that the same fi ss ion mode is 
active for ternary and binary fi ssion, the calculation of the 
yield of ternary particles can be performed almost parameter 
free [2]. It ha been recognized, however, that a term 
describing the loss of pairing during the fission process in 
the case of light particle emission i very important. Fig. 2 
shows the results for the system 236U and demonstrates that 
the calculations perfectly reproduce the abundance of light 
charged particles. Similar agreement was found for other 
compound system . A remarkable feature of the model is 
that the Coulomb-energy of the three-particle configuration 
has to be calculated from a compact cission configuration, 
and not a stretched one. Thi is in agreement with the above 
arguments for the observation of only low excited 11 Li 
fragments. 

The investigation of the binary fi ss ion process for 
thermal neutron induced reactions, from a theoretical and 
experimental view point continued during the year. The 
Boltzmann formulation of fission was applied to a couple of 
compound systems. In this model only a few terms aim at 
the description of yield from fi ss ion at low excitation 
energies . The relevant parameter entering into th e 
calculations are the reaction Q-value, the Coulomb energy of 
two touching fragments , an energy term connected to a 
distinct fission mode, and some correction for loss of pairing 
correlations during the process. We calculated the yield of 
fission fragments from thermal neutron induced fission of 
229Th and found the fission mode to be located at the ame 
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Fig. 2: Calculation of light particle yield from 236U following 
thennal neutron capture. Squares with fall line represent the 
calculated yields, rhombi represents experimental data. 
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state as in 236 U, see Fig. 3. This observation points to a 
fi ss ion mechanism where fission modes are the same for a 
limited number of neighboring actinides. 

On the experimental side, measurements on PN I for 
binary splits were centered on the investigation of far 
as ymmetric di tributions from fission of 233U(n,f) , 
24I Pu(n,f) and 245Cm(n,f) (H. Faust, ILL,U. Keyser, Univ. 
Braunschweig). For this last compound system, fi sion 
around the most probable yield was also investigated . 
Former data from experiments on the Curium isotopes, done 
el sewhere, showed pronounced fine structure in the yield . 
The PN I data do not confirm these measurements and 
demonstrate that results on yield in 246Cf fit nicely into a 
systematic where odd-even effects disappear when 
proceeding from 230Th to 250Cf (Fig. 4). 

The installation of the focusing magnet made it possible 
to install a new He-jet system operating with aerosol clusters 
to collect fi ion products in an efficient way on the new 
focal plane (U . Keyser, PTB Braunschweig). The set-up was 
tested for different operating conditions: pressure, flow , 
cluster size and cluster density. Transport efficiencie of up 
to 80% have been recorded for specific fission products with 
tran port times well below ls. The new ystem will be used 
for pectroscopy of neutron-rich isotopes, especially in the 
region of refractory element where no thermal ion source 
can operate. 

Excitation and de-excitation of fis ion fragment were 
investigated on the basis of a statistical model de cription . 
The basic assumptions for excitation are that fission 
fragments are brought, at the very end of the fi sion proce , 
to a nuclear temperature kTr. From the calculations it was 
seen that this temperature can be assumed to be almost 
constant, independent of the actual mass split or the specific 
compound system. Applying standard statistical arguments, 
excitation and de-excitation of fission fragment were 
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ca lcul ated. The res ulting e xc ita ti o n energ ies and the ir 

ystematic behavio ur with frag ment mass and compo und 

nucl e us mass are in ag reem ent with th e ob e rva ti o n . 

The results for fragment excitation were u ed to investi gate 

th e de-e xcitation process o f th e fi ss io n produ c ts in a 

stati tical model. It is assumed that de-excitati on by neutron 

and gamma emission follows the pattern of the decay o f an 

equilibrated compound nuc le us. The results agree with a 

picture of decay where the entry state is depopul ated by 

neutron emission and a few gamma quanta, with almost no 

loss of angular momentum . Once the Yrast line is reached, a 

couple of stretched E2 tran. itions lead to the ground state. 

The calculation showed value on y and neutron-multiplicity, 

ani sotropies and alignment o f the decay products, and the 

population of high spin isomeric state can only agree with 

the experimental data when fai rly high entry spins of about 

6h to 7h are assumed . Examples for a selected ma plit in 
252C f-spontaneou fi ss ion are shown in Fig. 5. 

At PN3-GAMS 

The phys ic e mph a i o n PN3 was ce ntered o n two 

princ ipal area o f application of the GRID technique: the 

continuing attempt to understand the nature of vibrational 

tates in deformed nuc le i and the application of the GRID 

method (see also "blue box") to topic which allow one to 

study in detail the dynamics of atoms in solids. 
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An example of the nuclea r structure measurements is 
given by 168Er where prev ious experiment had shown [3] 
that the double gamma vibration in deformed nuclei is of a 
collective nature (by measuring li fe times of the J1t = 4+ and 
5+ member · be longing to the Krr = 4+ band at 2055 keY). 
Now the interest was centred on the tudy of the nature of 
the low- ly ing Krr = o+ ba nd in thi s nu c le us (J. Jo li e, 
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Fig. 5: y. and n-multipliciries in the deexcitation of N 4 Ba in 
dependence of the entry spin. Experiemental values are matched at 
spin 1=6. 
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Fribourg, R.F. Casten, Brookhaven, H.G. Borner, lLL). Such 
studies are very important due to different theoretical 
interpretations of the o-caUed beta vibration: In 168Er two 
low-lying Kn = o+ bands were ob erved . Whether these 
bands are related to the collective "beta vibration" is still an 
open question due to the lack of ab elute tran ition rates for 
decays out of these Kn = o+ band . Therefore lifetimes 
and/or lifetime limit for some of those states were 
inve tigated . The evaluation i currently in progres and 
quite tedious as these lifetime appear to be relatively long 
(ps-region), situated at the limit of the GRID sensitivity. 

The aim of the fir t Crystal-GRID [4] measurements was 
to prove experimentally the predicted dependence of the 
form of the measured line hape on the orientation of a 
single crystaHine target with respect to the spectrometer, and 
to establi sh the sensitivity of the line hape on potential and 
lifetime variations. For these reasons, the well-investigated 
1498 keV transition of 49Ti was cho en. The primary y­
quanta, resulting from transition from the 8142 keV capture 
state to the 3260 ke V level , induce recoils with a kinetic 
energy of 261 eV. The Doppler broadening of the following 
y transition to the 1762 ke V level ( Ey = 1498 ke V) was then 
measured. 

For thi tudy ingle crystal. of rTiO3 , which exhibit 
the cubic perov kide tructure, were selected. Simulations, 
carried out prior to the measurement, had hown the <100>, 
<110>, <111> orientation to be of intere t experimentally. 
For the measurement of each crystal orientation. pairs of 
target crystal were u ed. For each orientation, one ligned 
pair was u ed, with both crystal placed one behind the other 
in the in-pile target facility , such that the orientation of 
interest was in the axis of view of the two-axis flat-crystal 
spectrometer GAMS4. The change of the target crystal 
orientation was realized simply by changing the targets . 
Fig. I shows the first experimental results obtained with 
the e crystals. 

In the experiment cited above, the kinetic energy of the 
recoil is largely sufficient to allow the atom to leave it 
lattice site. In contra t to that. the recoil produced in 
K-capture in 152Eu ➔ 152 Sm delivers (due to the neutrino 
which leaves the nudes: p + e- = n +-)to the atom only 
about 3 eV of extra kinetic energy, such that the atom cannot 
leave permanently its lattice po ition allowing the response 
of the lattice to the desequilibrated atom to be directly 
studied. To this end we have studied (A. Kuronen, Helsinki , 
H.G. Borner, ILL, J. Jolie, Fribourg) the slowing down of 
0.02 -eV/amu 152Sm recoil s in EuF3, EuF3, EuCl 3 and 
Eu2O3, produced in K-capture of 1 2 u. The Doppler 
broadened 842- and 963 -keY y-ray line shapes were 
simulated by molecular dynamic s technique using 
empirically derived interatomic pair potentials. The results 
[5] show that the lowing down of the recoiling ion is 
ensitive to the potential well it experiences in the host 

lattice. Al o, a strong dependence of the lowing-down of 
the ion on the charge state was observed . Fig. 3 show the 
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magnitude of the recoil velocity as a function of time . 
The attenuating oscillatory motion of the recoiling atom 
is clearly demonstrated. 

At the cold polarized neutron beam facility PFl 

The fir t two experiment thi year at PF I were devoted 
to tudie of neutron beta-decay and can be considered a 
continuation of a cientific program which already ha ome 
tradition at ILL. 

A the most elementary of the semi- leptoni c weak 
hadron decays, the beta-decay of the free neutron, 
n ➔ p + e· + v , continue to represent one of the es ential 
sources of experimental information about the structure of 
the weak interaction. Believing the V-A-theory to be the 
appropriate description of weak processes between quarks 
and leptons, the weak vector and axialvector coupling 
con tants Gv and GA may be extracted out of experimental 
data: measurements of neutron lifetime and beta-asymmetry 
(i.e. the ratio of probabilities for the decay electron to be 
emitted parallel or antiparallel to the spin of the decaying 
neutron) may be expressed as different functions of the ratio 
A= GA/Gv from which the coupling constants themselves 
can be deduced and enter into a consistency check with 
experimental value from superallowed nuclear decay 
(see for example the overview [6]). 

"In-beam" mea urements of neutron lifetime pre ently 
seem to have reached their limit in obtainable accuracy 
(the required absolute neutron beam flux calibration i very 
difficult) and have been replaced by experiment with 
bottled UC . So several research groups are now 
concentrating on beta-asymmetry and different angular 
correlations in cold neutron decay and have u ed the long 
reactor shutdown to prepare a new generation of dedicated 
experiments. 

The first beam-time at PF 1 was devoted to a precision 
measurement of the electron asymmetry coefficient A and 
allocated to the Heidelberg group of D . Dubbers for 
"PERKEO II" , the succe or of a well-known neutron decay 
pectrometer of the same name [7]. The main principle of 

this device is 4rr-detection of the decay electrons by mean 
of a strong magnetic field superimposed on a polarized 
neutron beam instead of using a 4rr detector array: 
the charged decay particles gyrate along the magnetic field 
line and eventual ly become detected by one of two 
scinti llation detectors at which the field lines are pointing. 
The electron a ymmetry shows up as a difference in 
countrate • of these detectors when the neutron polarization 
become inverted relative to the magnetic fie ld . 

Compared to the old PERKEO set-up the new apparatus 
was designed to cope better with the main systematic errors 
within the measurement of A. The magnetic mirror effect, by 
which electrons may become reflected in a magnetic field 
gradient and thereby hit the "wrong" detector, ha been 
reduced by u e of a split pair superconducting coil which 
impose a much more homogeneous transver e magnetic 



COLLEGE 3 

fie ld ove r the decay vo lum e of th e pectrometer . 
Background conditions were improved in this configuration 
by introduci ng a greater distance between the sc intillation 
detectors and the beam. The third main systematic error is 
insufficient knowledge of the neutron beam polarization, 
which is a particular problem for supermirror polarizers. It 
was intended to reject thi s error well below the previously 
reached limit in the percent region obtained by the standard 
method, in vo lving one ana lysing supermi rror polarizer, 
which relies on the fact that the error in polarizatio n is 
limited by the diffe rence between it s va lue and 100%. 
Different sc hem es exist for obtaining a more precise 
meas urement involvin g tw o a na lys in g supe rmirror 
polarizers. Di scuss ions about which method should be 
applied for PERKEO II gave a clear picture of the specific 
problems of each method. A new method wa invented and 
applied [8], which does not require any permutati on of 
polarizers to remedy the inrealistic assumption that thei r 
polarizing efficiency remains exac tl y the sa me afte r 
changing their order in the beam. 

PERKEO II has already successfully fini shed tak ing 
data. They now need to be evaluated in detail. 

The second experiment by the Sussex group of J. Byrne 
at PFl is still under way. In stead of looking at the decay 
electrons, it focuses on the protons: the aim is to get for the 
first time a value of 'A, by measuring the asymmetry in the 
emission direction of the decay proton s re lative to the 
neutron spin. The experiment also involves 41t detection via 
a strong magnetic fi e ld . As the max imum kinetic energy of 
the decay protons is lower by a factor of I 000 compared 
with the decay electrons, detecti on of the protons is more 
sophisticated and involves appl ication of a trong electri c 
field of about 30kV to accelerate them onto a surface barrier 
detector in order to pull the signal out of thermal noise. A 
very good vacuum is required to avoid electrical breakdown. 
An ingenious method has been invented to fully get rid of 
the magnetic mirror effect for the decay protons. It is based 
on the fact that one can re fl ect them by an e lectrostat ic 
potential of only I kV [9]. The experiment is just beginning 
to take serious data and will continue until the end of the 
first cycle in 1996. 

At the Ultracold Neutron (UCN) and Very Cold 
Neutron (VCN) Facility PF2 

Even though very shortl y after the re tart of the reactor 
and the inevitable and detai led safety checks of the different 
experimental installations at the PF2 fac ility, the first users 
arri ved and an extensive, versatile and ambitious re earch 
program came successfull y into operation, la t year wa 
above a ll marked by staff departures: after nearly a quarter 
of a century of remarkable and loyal duties in different 
important positions at ILL, Winni Drexel left at the end of 
November. With the departure of Mike Pendlebury in 
September, we lost not only a distinguished and very 
co llaborati ve physicist but al o the institution of "Senior 
Scientist " is now part of the Institut 's history. 
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The major research topics with UCNs are the e lectric 
dipole moment (EDM) and the lifetime of the free neutron , 
while VNCs are used for interferometry. 

For particles to have EDMs, the forces concerned in their 
tructure must be asymmetric with regard to space-parity (P) 

and time (T). P-violation is a well-known intrinsic feature of 
the weak interacti on, but CP- (and hence T-) violat ion, 
whi c h is believed to be respon s ibl e fo r th e baryon 
asymmetry of the uni ver e, has so far been found only in the 
neutral kaon ystem. Such limited information leaves open a 
wide range of possibilities fo r competing theories attempting 
to ex pl ai n th e or igin of T -vio lation. Ex per im e nt a l 
measurements of particle EDMs, and in particular that of the 
neutron , are providin g one of the stro nges t addi ti ona l 
constrai nts on these theories. The Standard Model of the 
electroweak interaction give a contribution to the neutron 
EDM of the order of I o-31 to I 0-33 e-cm, while the most 
recent result from o ur Sussex-RAL-lLL-Harvard­
Was hington-co ll abora ti on (M.J . Pendl ebury, K. Smith, 
K. Green, P . Geltenbort , N. Ra msey, B. Hecke l, . 
S Lamoureaux) is (3±2±4 )x I o-26 e-cm. However, extensions 
to the Standard Mode l, such as additi onal Hi ggs Fie lds, 
rioht-handed currents or supersymmetric partners, give ri se 
to0 1arger dipole contributions which are in the order of I 0-25 

to 10-27 e·cm. That is why our collaboration is trying to 
improve upon thi s criti ca l measurement. To ac hieve thi s, 
significant changes have been made to the hardware, and we 
are now once again on the verge of data taking. Amongst 
other things it may be noted that a new, large storage cell , 
machined in Rus ia from a s ingle fu ed quartz boule has 
been in sta ll ed for both the neutron s and the polarised 
mercury atoms from the magneometer. Using this bottle, the 
first ever co-storage of hot polari sed atoms with ultracold 
polarised neutrons has been demonstrated, and excellent pin 
relaxation times of 170 s for the neutrons, and over 200 for 
th e merc ury have bee n ac hi eved . The most importa nt 
milestone, however, has been the convincing demonstration 
that the resonant frequencies of neutrons and mercury follow 
one anothe r as the magnetic field drifts . Thi s a llows the 
mea ured precession frequency of the mercury atoms to be 
used to calculate the expected (i.e. zero EDM) frequency of 
the neutrons on a cycle-by-cycle basis, and then the neutron 
counts to be fitted to a "mobile" Ramsey lineshape which 
moves in the appropriate way as the magnetic field dri fts 
(e.g. if the big crane on level D is in action). Thi i hown 
in Fig. 6 . Th e net effect is to fit the ratio of the two 
precession frequencies; it is this ratio which will be directly 
sensiti ve to the neutron EDM. 

It is believed that by these upgrades the systematic errors 
will now contribute on ly about 2 x 10-27 e-cm to the 
uncertainty of the mea urement of the neutron EDM. and 
that several years ' running wi ll be needed before th e 
statistical uncertainty can be reduced to a comparable level. 

The accurate measurement of the free neutron beta-decay 
li fetime (,:~) allows one to determine ~ar~mete~s of the 
electroweak interaction, which in combtnat1on with other 
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Fig. 6: Graphs showing how the precession frequencies of neutrons 
and mercury change as the magnetic field drifts. Each point 
represents a counting time (cycle of approximately 3 minutes). The 
point-to-point flu ctuations are seen in the mercury by a 4-cycle 
integration period. The ration of frequencies (normalised to the 
ratio of gyromagnetic ratios) stays constant to within a few parrs in 
!07, corresponding to fie ld shifts at the nano gauss level. 

exprimental data can provide a test of the Standard Model. 
Additionally, a precise knowledge of,:~ is important for 
questions concerning particle physics, neutrino induced 
reactions and cosmology. E.g. in the cooling of the big bang 
fire ball 'tri influences the relative amounts of 2H 3He and 
4 f' , 
He produced compared to 1H; the longer the free neutron 

lives, the more there is of the heavier species compared to 
1 H. The calculated ratios using experimentally determined 
't~ can be compared with the measured ratios from 
astronomical observations. 

For these reasons several collaborations are continuing 
their efforts to try to measure in storage experiments using 
UCNs the lifetime with an overall precision smaller than I s 
(about 0 .1 %). The first experiment was performed by 
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Fig. 7: J - UCN guide, 2 - shuuers, 3 - UCN detector, 4 -
polyethylene shielding, 5 - cadmium housing, 6 - plate shutter, 7 -
inner storage vessel, 8 - outer storage vessel, 9 - cooling coil, 10 -
thermal neutron detector, I I - vacuum housing, J 2 - oil puddle, 13 
- plate shutter. 

A - A 

la 2a 

Fig. 8: Ja - oil puddle, 2a slit. 

L. Bondarenko, V. Morozov , RRC Kurchatov Institute, 
Moscow, W. Drexel , P. Geltenbort, ILL. Its experimental 
set-up is shown in Fig. 7 and Fig. 8. In this approach not 
only are the number of UCNs at the beginning and at the end 
of a storage cycle measured but also the number of up­
scattered (and therefore lo t) UCNs at thermal energies 
during the storage cycle. The storage vessels had walls of Al 
coated (refreshable) with Fomblin oil. Moveable plate 
shutters made it possible to change the wall surface area 
exposed to the UCNs, and hence the number of collisions of 
UCNs with the walls . Besides changes of surface area, 
measurements were carried out at room temperature as well 
as at -8°C and -26°C. For each choice of surface area and 
each temperature, an independent set of data was obtained 
which , when combined, yields the lifetime. The statistical 
pr~ci ion achieved is about 0.8 s while the final value of,:~ 
wtll be obtained after a careful analysis of possible 
systematic errors based on additional test experiments. 

Crucial and common to all types of storage experiment 
with UCNs using material walls is the reduction of wall 
losses and as good an understanding as possible of the 
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un der l y in g ph ysics fo r l ater correc t ions to th e 
experimentall y de termined number of survivi ng neutrons. 
T wo di ffe rent ex perim ents have aim ed at a bett er 
understanding of these los mechanisms, especially in the 
case of a B e-sur face. A RRC Kurchatov Institute - ILL 
co llaboration u ed neutron acti vation analysi , fo llowing the 
capture o f UCN s, to analyse the i sotopic content o f the 
surface at room temperature. The use of a high resolution 
Ge-detector close to the sample under investigation made it 
poss ible to di tinguish captured UCNs by the characteri tic 
y-energy of the corresponding (n, y)- reac ti on from up-
cattered UCN , which are determined by 477 keY gammas 

from 7Li . Additi onal UCN detectors al lowed finall y the 
determination of the di fferent loss factors. For the UCN-Be 
interaction a preliminary upper limit of the loss fac tor of 
l .Sx I o·6 per re flection from the urface has been determined 
w hil e the th eore ti ca l one i s abo ut 2x 10·7 . In a PNPI 
(G atchin a) - JINR ( Dubn a) - ILL co ll aborati on 
(A.P . Ser ebrov, A. V . Stre lk ov, P. Geltenbort . V . 
Ne vizhevsky) a prestorage volume is used to determine the 
UC spectrum before they interact w ith an enlarged Be­
surface w hi ch can be coo led dow n by means of liquid 
nitrogen. U CN s and up-sca ttered UCN s are detected in 
ga eous 3He-detec tors w ith va ri able 3He pres ure and, 
hence, va ri abl e detect ion effic iencies for up-scattered 
(i .e. thermal) neutrons. Thi s experiment i still at the data 
takj ng stage. 

For the sake of completeness two more experiments have 
lo be mentioned which are being carried out in collaboration 
w ith Heidelberg ( H . A bele, D . Dubbers, C. Stellmach, 
P. Geltenbort), and which are both still in an initial stage. 

The first one looks for anomalous spin precession. With 
UCN this effect can only be controlled in a spin-echo type 
set-up, as U CNs are difficult to monochromati ze and, in a 
high magnetic field, make many precession even over short 
di stances. A spin-echo signal , however, can be measured 
using a broader ve locity di stribution and is nevertheless 
sensitive to small di fferences in the precession frequency. 

The second experiment look for coherent effect w ith 
UCNs in di sordered medi a. The backscattering of neutrons 
is expected to be enhanced by up to 100 % within a narrow 
cone centered on the backscattering direction. 

The YCN beam po ition is for the lime being exclu ively 
u ed by A . Ze ilinger (Innsbruck ), R. Gahler (Muni ch), 
W . Drexe l , P. Geltenbort , M . W eber ( ILL) fo r Y C 
interferometry . T he interferometer consists of three quartz 
pl ates w ith etched phase gratings w ith 500 lines per mm, 
which can in principle be seperated by a distance of up lo 
2 111 , thus all ow ing a M ach-Zehnder interferometer to be 
built for neutrons with an overall length of up to 4 m. It uses 
j ust a small part of the YCN beam which is refl ected by a 
Ni -coated mirror at an angle of 10° to cul off neutrons fas ter 
than 40 m/ .. As for all interferometers, vibration iso lation is 
one of the keystones for preci e and reproducable result . 
After a maj or redesign during the reac tor shutdown the 
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instrument is again operational and interference fringes with 
a v i sibility (cont ras t) of about 26% co uld already be 
observed. In these measurements one of the three gratings 
has to step tilt-free horizonta lly about I mm in steps of 
severa l tenths of a micron. For trus purpo e a prototype of a 
translation stage without the usual ball bearing mechanism 
but el as ti c metal j uncti ons se rv ing as hinges has been 
constructed. Initial tests show very promising results. 

It should be pointed out that on request a bender which 
consists o f a stack of refelecting curved Ni-coated glass 
pl ates can be placed bes ide the above-mentioned Ni mirror. 
It serves as a side deviator of the YCN beam and branch off 
half of the beam for other experiments using YCNs with a 
cut-off wavelength of about 60 A. 

A no th er Inn sbruck • Muni ch - ILL co ll abor ati on 
(A. Zeilinger, J. Felber, K . Raum, P Geltenbort) measured 
th e effec ti ve mass enhanced defl ec t ion o f neutron by 
gr av ity in side an Si -c rys tal. Thi s i s one of th e few 
experiments w hi ch fo r it interpretati on, in vo lves both 
qu antum mechani cs and th e equi va lence princ ipl e o f 
relati vity theory . The experiment was not carri ed out at one 
of the standard fundamental physics installations but at the 
instrument T 13A (merci !) as monochromatic neutrons with 
wavelengths around 2.35 A were needed. The set-up consists 
of two silicon single cry tals on a common base cut from 
one crystal , several diaphragmas and a positi on-sensiti ve 
neutron detector. A s the experiment is extremely sensiti ve to 
a bending of the crystal under its own weight it was placed 
in a fl uid of equal density. As shown in Fig. 9 a deflection as 
high as ±4.7 mm wa observed due to the minute effecti ve 
mass of a neutron propagating under diffraction conditions 
in a crys tal. Thi s defl ec ti on is enhanced by more than 5 
orders o f magnitude over the expec ted deflecti on in free 
space. A remarkable feature of the experiment is that there 
are two effecti ve mass tales inside the crystal, one with a 
pos itive and one with a negati ve effec tive mass. Th e 
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Fig. 9: Deflection as a fu nction of the tilting angle. The deflection 
at zero tilting angle is caused by prism refraction of slightly 
missaligned walls of the container fo r the fluid and an intrinsic 
bending of the crystal, which was also observed in former 
experiments with the same crystal. 
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neutrons with a negative effective mass fall upwards. 
Furthem1ore, experiment and theory agree within the errors 
of about 1.5 %. 

AtPIAFE 
The project at Grenoble/France aims at the production, 

ionization and acceleration of exotic isotopes using an in­
pile fission source at the ILL High-Flux reactor. Phase- I of 
the project deals with the fi ssion source, the extraction of the 
neutron-rich isotopes and the mass separation. ln a second 
step a planned Phase-2 comprises the beam transport to the 
nearby ' Inst itute des Sciences Nucleaires ' and the 

acceleration of the ions to energies above the Coulomb 
barrier. 

In autumn 1995 the PIAFE collaboration submitted a 
first technical report to ILL to be examjned by the services 
concerned, the reactor and the technical divi sions. The report 
contains already detailed investigations concerning heat 

charges and temperatures on different in-pile parts located in 
a neutron flux of 3·I0 13n/cm·s, and reactivity responses of 
the source on the reactor. In parallel to the calculations, 
experimental tests are under way investigating the behavior 
of source confinement by a rhenium envelope under various 
conditions and isolators at high temperatures. For the beam 
line design and mass separators situated in the reactor hall , 

optical calcu lations are now ava ilable allowing the most 
suitable implantation scheme lo be chosen. 

The project wa presented to the Scientific Council (SC) 
at its spring and autumn meetings. On the basi of the report 
'PIAFE project-Physics case' (Lecture Notes in Physics, in 
print), the reports of three referees, and following extended 
discuss ions, the SC recommended to proceed with studie on 
the technical implantation of the ource. The item was taken 
up in the N ovember meeting of the ILL Steering Committee, 
which authorized the collaboration between ILL and PIAFE 
organisation for thi s project study, it being understood that 
the realisation o f the project will require a further formal 
decision. 

At the beginning of 1996 the collaboration is convened 
to Grenoble to di cuss the organisational a pects of the CRG 

(collaborating research group) which has to be established, 
and to coordinate further teps of fund rai sing at national 
level. 

At the SlO facility 

During the past decade, everal (n,p) and (n,a) reactions 
of importance to stell ar nu c l eosyn th e i have been 
investigated (C. W agemans, P. Geltenbort ) w ith thermal 
neutrons at the SI O positi on in ILL and with resonance 
neutrons at the linear accelerator faci lity GELINA at the 
IRMM in Geel, Belgium. These measurements are ve ry 
complementary as illu strated in th e neutron induced 
reactions of 36CI and 41 Ca. 
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Th e 36CI(n,p) 36s reac tion i s one of th e keys to 

under landing the abundance of the very rare isotope 36s in 

term s of nuc leosynthesi processes. Shortly before the 

reactor was shut down in 1991 , its thermal cross-section was 

determined accurately to (47±2) mb. In the meantime, thi s 

reac tion has also been studi ed with resonance neutrons, 

revealing the presence of a significant (n,a)-component in 

some of the resonances. Thi s i s a hint at a non -neglible 

th erm al 36Cl(n ,a) 33 P cross-section . U in g a suitabl e 

experimental set-upat SI O and AgCI targets enriched with 
36CI it ha. been mea ured in the last experimental campaign 

to be (0.59±0.07) mb and a typical pulseheight spectrum is 
shown in Fig. I 0. 

In the case of 4 1Ca, however, prominent a0 and a1 

tran siti ons, but no (n.p) transitions were ob erved with 

th ermal neutron s in prev iou s ex peri ment . Again th e 

detec tion of a si gnifi ca nt ( n,p)-compon ent in some 

resonances pointed to the ex istence of such thermal (n,p) 

transisitons. In a recent experiment we found that these 1.2 

M eV proton were completely hidden in the tai l of 10B(n,a)­

background partic les. With a special set-up a preliminary 

value of (7± I ) mb for the 41 Ca(n1h,P) cross-section has been 

determined. 

At SSO 

The in vestigation of the quotient h/m0 was continued. 

The experimental set up is described in [10]. From h/m 0 

the va lue of the fine structure constant a can be deri ved. 

Th e va lue of h/m 0 measured so far l ead to 

u-1 = 137,0360 1082(524) 110). 
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At the SSl-INAA facility for geological studies 

Acli vity by the geo logy fr ac li on (M. Piboul e, UJF, 
Grenoble) has been omewhat curtailed this year due for the 
most part to the fac t that R. Oliver pre ·ented a the i at the 
University Joseph Fourier, Grenoble, entitled "The geology 
and geochemistry of the intrusive rocks of the Yalsenestre 
region. and their context within the magnetic province of the 
Haut Dauphin e·· . Howeve r, anal ys is performed in the 
previous year allowed the completion of on-going studies, 
notably of the Permian Island arc of the Briarn;:onnais. 

Secretary: Ulrich Mayerhofer 
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Crystal-GRID: A new method 
for the investigation of atomic interaction 
h1 solids 

Michael Jentschel 

The question of atomic interaction in solid at 
energies below 1 ke V has become more and more 
relevant for a number of experimental technique , like 
for instance the ion beam modification of materials or the 
measurements of nuclear state lifetimes. The GRID 
(Gamma Ray Induced Doppler-broadening) method 
give a unique opportunity to compare the measured 
effect, which is directly related to the interatomic 
potentials in olid , to simulation . 

In 1995 a very important tep in order to improve the 
GRID method applied to the inve tigation of interatomjc 
potentials in solids ha been done: For the first time there 
were carried out Cry tal-GRID experiment using single 
crystalline targets. 

The GRID method [I] u es the fact that, following 
neutron capture, a recoiling excited nucleus i produced 
by emission of a high energetic primary y-quanta y1. 

The recoil velocity determined by momentum 
con ervation: 

V0 =~, /Mc, (I) 

where F!;, is the energy of y1, M the mas of the 
nucleus and c the velocity of light. The recoil energies 
are in the order of 10 eV up to 1000 eV, depending on 
the mass and ~ ' . The atom loose this energy by 
collisions with the surrounding lattice atoms and are 
thermalized within a certain time. Meanwhile the still 
excited nuclei continue to deexcite by secondary y2 
emi ion, where the emis ion probability is defined by 
the lifetime 't of the intermediate nuclear tate, being 
populated by the y1 emission 

Py2 = lexp(-tJt) 
't . (2) 

Since these quanta are emitted in flight, their energy 
i Doppler hifted in a laboratory y tern 

where n i a unit vector parallel to the axis of 
ob ervation ( pectrometer axis). The mea urement of y2 
lead to a Doppler-broadened line hape, the inten ity 
di tribution of which i given by 

J(E)dE =I [ dt exp(-tt) E-~i l vi~)i]dE 
i (4) 
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where vi( l) is the velocity of the i-th recoiling atom at 
time t The time t is counted after each recoil moment and 
the summation i done over all obtained recoil events. 

The main advantage of using single cry talline targets 
i , that the measured line shape contain all available 
information on both, the lifetime (nuclear time cale) and 
the slowing down (atomic time cale). lo the case of 
polycrystalline targets one has to average over all ii and 
only an effective slowing down velocity (v(t) enter . 
Therefore in this ea e important information on the 
slowing down i lost, but on the other hand the extracted 
nuclear lifetime do not depend so strongly on details of 
the potentials. 

For single crystalline target the projection v( t)i 

depends on the alignment of the target with re pect to the 
spectrometer axis. This re ults in different line shape for 
different target-spectrometer alignments. Each of these 
line shape ha a characteristic tructure, which i more 
sensitive to the detail of the potential than the line 
shapes from polycrystalline targets. This ha been shown 
by MD-simulation of the recoiling atoms and 
calculation of line shape u ing (4) [2]. 

The first Cry tal-GRID measurements, carried out in 
1995, had the aim to prove experimentally the predicted 
dependence of the Line hapes on the pectrometer-target 
alignment. Further they allow to e tablish criteria on 
resolution and inten itie needed to be en itive to 
interatomic potential . For this purpo e it was decided to 
u e a nucleu s, which i well investigated from the 
nuclear phy ic point of view. A an good candidate 49Ti 
was chosen , the level cheme of which i shown in 
Figure l. The lifetime of the 3260 keV tate ha been 
carefully studied by a row of GRID mea urement with 
different chemical compounds and the value of 
-r = 17 .s?:~ t: wa adopted [3]. The level is populated to 
95% by a primary y-transition from the capture tate, 
leading to a harp di tribution of the recoil energie 
around 261 eV. The 1498 keV line, depopulating thi 
level , is trongly Doppler-broadened due to the short 
lifetime and the trong recoil. Further the 1498 keV 
transition induces again a recoil to the nucleus which 
leads to a Doppler broadening of the ubsequently 
emitted 1768 keV line. The moment of this second recoil 
depends on the lifetime of the 3260 keV tate , and 
consequently this 1762 keV line may be used as a 
econdary te t, whether or not the Doppler broadening of 

the 1498 keV is well understood . A the target 
compound SrTiO3 was cbo en, crystal of which are 
commercially available. For them the <100>, <110> and 
the <111> direction were expected to show strongly 
different structure. 
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Fig. / : Nuclear level scheme of 49Ti after thermal neutron 
capture. The 3260.7 keV level is mainly f eeded by a strong 
primary transition, wich results in a nearly monoenergetic 
recoil of the excited nucleus. The lifetime of this state is 
expected to be shon enough to measure a strong Doppler­
broadening of the 1498 ke V transition. 

The experimental re ult of the 1498 keV line for the 

<100> and the <111 > direction are shown in Fig. 2, 

together with the in trumental re pon e function (da hed 

line). A compari on of both line shape hows clearly 

that the predicted dependence on the cry tal direction 

could be verified experimentally. 

A fir t compari on of the experimental data to 

profiles re ulting from MD-simulation ha been done. 

Here two approaches were u ed, which give a fir t idea 

of agreement/ di agreement in between imulation and 

experiment: One way i to u e a potential , fitted to 

reproduce in simulations the equilibrium properties of 

solid SrTiO3 and then to extrapolate it to higher energies. 

The other way is to take potentials , valid for high 

energetic collisions (> I keV) , uccessfully u ed in 

imulation of high energetic ion-solid interaction and to 

extrapolate them to lower energies. The extrapolations 

might be in both ea e only bad approximations, but they 

give a starting point to correct the potentials in such a 

way that they describe the behaviour from lower up to 

very high energies correctly. 
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Fig. 2: The measured lineshapes of tlze /498.keVobtainedfrom 
the <I 1 I> and the< 100> directions of single crystals of 
SrTi03. The thick solid and dotted lines result from MD­
simulations of the recoiling 49Ti atoms based on the ZBL-
and a ionic potential, ION, respectively. JON does clearly not 
reproduce the data/or the <100> direction. The dashed line 
corresponds to the instrumental response function. 

Fo r the fir t approach a potential developed by 
Kawam ura et.al. [4) was used , which gives correct 
atomic po itions and ela ticity constants of SrTiO3 in 
MD imu lations. Thi i an ionic potential with Born­
Mayer repulsion , which de cribe the low energy 
behaviour, but ha not been te ted for higher energies. 
The best fit to the experimental data from a imulation 
with thi potential re ults in Lifetime 't = 5.4±0.6 fs for 
the <LOO> and 't = 8.6± 1.1 for the <l 11> direction , 
re pectively (Fig. 2, thick dotted line). It is evident that 
the e value are by far horter than the adopted value. 
From that one can conclude that the repul ive part of the 
potential is too teep above 10 eV. 

In the econd approach one assume that during the 
time cale, which is relevant for the lowing down, the 
lattice appear to be tatic for the recoiling atom. That 
means that the binding part of the potential and the 
dynamic of the urrounding lattice is le important for 
the lowing down. Jn thi case it is sufficient to calculate 
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the full colli ion dynamic s only in a clo e phere 
urrounding the recoiling atom. Only thi approximation 

enable one to u e pure repul ive potential re ulting 
from Hartree-Fock or imilar calculation [5) of neutral 
atom pair . Line hape fits to the experimental data ba ed 
on such simulation are hown in Fig. 2 a a thick olid 
line. The corre ponding lifetime value are 
't = 12.8±1.2f and r= 17.2±1.3f for the <100>. and the 
<111> direction , re pectively. The e values are in much 
better agreement with the expectation , but they are till 
too different for each direction. 

Exactly this fact mu t be used a the basic criterion 
for the further modification of the potential , ince the 
lifetime mu t be the same for arbitrary direction . As 
free parameters for the modification one hould u e in a 
first step the ionic charge number of the recoiling atom 
and the corre ponding creening length of the electron 
cloud. Thi i motivated by the fact, that the Ti-atom ha 
an ionic charge number of +4 before the recoil happen . 
Th.is enter al o in the potential of Kawamura. However, 
as the simulation eems to indicate, a neutral atom give 
better re ult . The que tion of charge tran fer during the 
recoil acceleration and/or during further colli ion i a 
point, which ha now to be further inve tigated by thi 
method. 

As additional criteria for the potential tudy the 
agreement/disagreement of the line hape resulting from 
correlated fits of all mea ured direction can be taken. 

Once the potential is determined uch that all 
lifetime are equal for arbitrary directions, one will have 
extracted the lifetime and the potential from the ame 
target. This is a qualitatively new step in the GRID­
technique. 
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The early starting of the reactor meant that, for the first 
two months of this year, the attention of all the instrument 
staff was focused on testing the instruments and aligning the 
spectrometers and all the equipment, electronics and new 
software under ' real' conditions. This commissioning phase 
was successfu ll y completed within the time schedule for 
al most all instruments, and scheduled experiments from the 
proposal round in October 1994 began end of February . 
Considerable time was also spent to make some crucial 
improvements to safety aspects . During this first year of 
renewed reactor operation, most ILL scientists in the 
College were unable to spend as much time as they would 
have wished on their own scientific interests , since they 
devoted considerable efforts to removing many of the 'bugs ' 
occurring during operation of the instruments. The rum was 
to ach ieve further progress in increasing the power of the 
instruments and support external users, helping them to 
make their stay a most successful one. 

During the past three proposa l rounds, Col lege-4 
in s truments have attracted a n increa in g numb er of 
proposals of high and, in some cases, excellent quality 
covering exciting new subjects as well as more traditional 
ones. The proposed experiments on the triple-axis and time­
of-flight instruments ranged from general spin and lattice 
dynamic s to magnetism in high -T c and class ical 
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superconductors, heavy fermions in Uranium compounds 
and rare-earth cuprates , critical sca ttering at phase 
transitions, magnetism in non-Fermj liquids, the inorganic 
Spin-Peierls system CuGeO3,which was programmed on 
several instruments, fullerenes (C60 molecules and related 
compound ) and quasiela tic scattering. The spectrometers 
were heavily overloaded, with excess demand at a factor of 
2-4. In particular demand were the cold neutron T AS and 
TOF instruments . Some results are presented below. 

We have had the pleasure of welcoming some new 
scientists, among them CRG instrument responsibles. 
Herwig Requardt already started his thesi s work at the end 
of 1994 in the T AS-group in collaboration with the CRTBT. 
Markus Zolliker, PSI-WUrenlingen, joined in October I 994 
as the Swi ss respon s ible for CRG - IN 3. Wolfgang 
Henggeler, PSI-WUrenlingen, started hi s thesis work in 
January 1995. Wolfgang Schmidt , from ISIS, took 
responsibility for the German (KFA-JUlich) CRG-IN 12 in 
August 1995. His coresponsible is Bjorn Fak (CENG). 
Subsequent to some shorter stays, Ian Saroun, University of 
Prague, joined us in September for a two-year stay. He is in 
charge of the installation and development of dedicated 
resolution program s for focused neutron beams and 
of neutron optical elements on IN20. 

Magnetic excitations in a half-metallic ferromagnet: 
NiMnSb 

Spin wave measurements have been carried out [I] on 
the semi-Heusler ferromagnet NiMnSb (Tc = 730 K), using 
the IN8 spectrometer over a wide range of energy transfers 
( I - 70 meV). 

Band structure calculations [2] indicate that in the 
ordered state of NiMnSb the electronic Fermi level falls in a 
gap of the minority spin (down spin) density of states. Thus 
only electrons with up spins are present at the Fem1i level , 
a situation referred to as a "half-metallic"state. As a 
consequence of this, the single-particle excitation spectrum 
(Stoner continuum) is expected to exh ibit a temperature­
dependent low-frequency gap. 

The low-temperature magnetic exc itation spect rum of 
such a ystem is thus characterised by gaps in both the 
collective pin wave spectrum (the usual anisotropy gap) and 
a gap in the single-particle spectrum. Direct information on 
the magnetic excitation spectrum by inelastic neutron 
sca tterin g is thus esse ntial in order to understand the 
macroscop ic th e rmal be haviour of the compound 
(magneti sation, res istivity , magnetoresistance). 

Fig. I shows a summary of the room temperature results 
for the mag non and phonon di s pe r s ion curve . The 
anisotropy gap, not visible in the figure, is estimated at 
1.0 ± 0.2 me V. The ob erved magnon lineshapes broaden 
dramatically above 50 meV, due to the interaction of the 
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Fig. I : Room-Temperature phonon and magnon dispersion curves 
in NiMnSb. Magnan widThs, as observed in constant-£ scans, are 
shown as horizonTal bars. Above 50 meV these widths are much 
larger them Th e instrumental widths. 

spin waves with the Stoner co ntinuum. Thi s result i s at 
variance with th e va lue o f the Stoner gap ( 150 meV ) 
estimated from band calculations. Additional measurements 
at hi g her ener g i es and at hi gher temperatures are in 
preparation. 

Optical phonons in diamond 

The lattice dynamics of the group IV elements (and of 
the III-V compounds) provides important tests for the ab 
initio computational methods permitting the calculation of 
the band structure and of the lattice properties of the crystals 
from first principles. In additi on, some of these elements 
ex hibit curious fea tures such as the negat ive therm al 
expansion in the case of silicon or a sharp peak in the second 
order Raman spectra in the case of diamond, about 2 cm-1 

("' 0.25 meV) above twice the zone centre optic phonon 
frequency. 

Known experimentally since the late 40s, thi s peak has 
given rise to a number of speculations including two phonon 
bound states. The most straightforward expl anation - a 
maximum of the longitudinal optic (LO) phonon dispersion 
appearing within the Brillouin zone rather than at the 1-point 
(ori gin) - has found initial confirmation in the recent results 
of ab initio calculations [3] , predicting a maximum of the 
longitudinal optic phonon frequencies at [0.5, 0, 0], some 
25 cm-1 ("' 3 meY ) above the zone cent.re frequency. 

As the avail ab le neutron cattering data for the optic 
phonon branches from the 60s are incomplete and exhibit 
error b ar s aro und 3-5 meY , too l arge to permit any 
conclusions, thi s problem was rev isited during a recent 
experiment on the IN I three-axis spectrometer. The required 
accuracy of the order of 0.5 me V at an energy transfer of 
165 me V represented in itsel f a challenge and necessitated 
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Fig. 3: Example of neutron groups from diamond observed in the 
(6, 0, 0) Brillouin zone; the LO component is systematically shifted 
towards higher energy at ~ "' 0.25-0.4 when compared to the :one 
origin data. 

extensive efforts to optimise the energy resolution and to 
eliminate all po ss ibl e so urces of spuriou s i gnal. 
The observed phonon frequencies are displayed in Fig. 2, the 
values for ~ = 0, 0.3 and 0.5 being averages over everal 
scans . These data as well as a direc t comparison of the 
profiles from different scans given in Fig. 3, support the 
co nc lu si on that th e mean frequ ency in th e range o f 
0.25 $ ~ $ 0.4 with 165 .5(5) meY i s above the mea n 
observed r -point frequency of 164.7(4) meY [4] . Thi s 
difference of the order of 0.5-1.0 meY is mid-way between 
the results of opti ca l measurement and the ca lcul ated 
dispersion curve. 
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Electron-phonon coupling in superconducting 
quarternary boro-carbides 

Research into intermetallic superconductors has recently 
been rev ived by the di scovery of a number of tetrago nal 
alloys of the formula RNi2B2C (R = Y or rare-earth element) 
[5] . They form an interesting layered crystal structure series 
o f space group 14/mmm [6]. For YNi 2B2C w ith a 
Tc = 15.2 K, electronic structure calculations indicate that it 
is a s trong ly three-dime ns ion a l me ta l with a ll a tom s 
contributing to the metal character, compl ete ly unlike 
the cuprate high - tempe rature s up e rco ndu c to rs [7] . 
By incorporating resistivity data, Pickett et al. [7] further 
deduced a very strong electron-phonon coupling (A. = 2.6), 
which they relate to an unusual combination of states at the 
Fermi level, and expect substantial contributions especially 
from the vibrations of the light atoms (roughly 50 % B and 
30 % C) but al o from the Ni atoms (~ 20 %). They also 
suggest an additional soft-mode behaviour from the heavier 
atoms. 

From heat capacity measurements in comparison to the 
specific heat anomaly at Tc, the magnetic susceptibility and 
the calculated bandstructure, Carter et al. [8] fo und the e 
compounds to be in the weak-to-intermediate coupling limit 
with A. = 0 .5 to 1.0 and also conc lude that the electro n 
pairing is of do minant pho no n-m edi ated c harac ter. In 
additi on, tructural tudi e [9] have how n a urpri ing 
fl a ttening of the NiB 4 te tra hedra, which are e mbedded 
within the Ni -B double layer of the tructure, when going 
fro m superconducting YNi 2B2C to non-superconducting 
LaNi2B2C. Including these findings, Mattheiss et al. [ I 0] 
performed tight-binding calcul ations and , in combination 
with bandstructure results near the Fermi level, proposed 
that th e mech a ni s m fo r upe rco ndu c ti v it y in th ese 
born-carbides i based on high-frequ e ncy boro n Ag( I ) 
opti ca l phono ns th at dynami ca ll y modul ate the iB4 

tetrahedral bond angles. 

Generali zed phonon densitie of tates (GOOS) can be 
deduced from inelastic neutron cattering (I S) experiments 
on powd e red sa mpl es fo r w hi c h we have u ed two 
multide tecto r time-of- fli ght (TO F) spectrometers, the 
high-flux IN6 instrument at ILL with an incoming energy of 
E0 = 3. 12 meV and the DN6 spec trometer at the SILOE 
reac to r a t th e C EN-Gre nobl e w ith E0 = 17 .4 me V . 
Measurements were carried out on Y ( i l-xCox) 2B2C with 
x = O; 0.15 ; 0.30 (with Tc = 15.2 K; 3 K, no Tc, re pectively) 
and Lu(Ni1 -xCoxhB2C with x = O; 0.30 (with Tc = 16.5 K; 
no Tc, respectively) at room temperature and part ially at 
80 K and 30 K, all in the energy-gai n mode. Because of the 
ex treme high ab orption cros - ection of B10• all samples 
were prepared with the boron isotope B 11 . 

INS experime nts could help elucidate whether tro ng 
e lec t ro n-ph o no n interac t io n leadi ng to a no malo u 
freq uency shift ( i.e . fo r exam pl e in vo l ing the boron 
vibratio ns of the Ag ( I ) mode) a nd / or to oft-mode 
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behaviour of certain di sper ion branche (i.e. for example 
low-frequency Ni invo lved vibrations) are taking place in 
these system . 

In order to check what we could learn from determining 
th e GOOS deduced fro m INS ex pe rime nts o n powde r 
sample , we performed a Bom-von-Karman (BvK) analys is 
fo r these syste ms. The re ult fo r YNi2B2C is shown in 
Fig. 4. Becau e of the trong differences in mass between 
the meta l a nd non-meta l a tom , the phonon spec trum 
deco mpo es into tw o we ll -se pa ra ted parts, th e 
low-frequency part of predominantly Y + Ni vibrations (up 
to 38 me V) a nd a se ri es of optic bran c hes du e to the 
vibrations of the li ght elements. The interactions between 
the light atoms will probably be of hort range, there fore the 
optical branches will be relatively fl at, which should give us 
the unique poss ibility to cla. s ify them and observe the ir 
indi vidual behav iour whe n going from superconducting 
to non-s upe rco ndu c tin g y te m . At the r point , th e 
18 ph o no n fr equ e nc ie decompo se acc ordin g to 
r = Ag ( I) + Bg ( I) + 4Au + 2Eg + 4Eu which are indicated 
in Fig. 4a. Fig. 4b shows the parti al DOS for the individual 
kinds of atoms. 
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Fig. 4: Born -von -Karman model calculation for YNi28 2C 
a. True phonon density of states ( PDOS) - solid line and 
generali:::.ed PDOS folded with resolution of spectromter -
dashed line. 
b. Partial PDOS for the individual kinds of atoms. 
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The energe ti ca ll y lower pan (below 40meY ) of the 
PDOS is made up o f 3 acousti c and 4 opti c modes, i .e. 
Bg ( 1) ( Ni only ), one Au ( i + R ), one Eg (Ni + B) and 
Eu ( 1) (Ni + R) . The remaining bands, i .e. Ag ( 1) (B only), 
two Au-· one Eg·, and two u-modes are representati ve of the 
high- frequency exc itati ons. The large. l A u vibrati on is 
expected to be the highest frequency of the spectrum. There, 
the two boron atoms vibrate in anlipha e with the carbon 
atom. Our BvK-model calculation further predict that the 
corresponding Davidov partner, the A g ( 1) mode, has a 
con iderably lower frequency with onl y the boron atoms 
vibrating and the carbon atom s being at res t. The high 
in-plane modes, represented by an Eu-Eg Davidov pair of 
Ni -8 bondstretching vibrati ons, are expec ted to be very 
close in energy. The C-contribution to the Eu ( I ) intensity is 
small and zero for Eg ( I ). The two remaining bands involve 
motions of the carbon atoms. The Eu (2) mode is essentially 
a R-C bondstretching mode and for the Au (2) intensity, the 
8 -C-B unit vibrates almost as an entirety again. t the heavy 
R component. 

In Fi g. 5 we compare the GOOS for superconducting 
YNi2B2C with non-superconducting Y (Ni .7Co.3)iB2C and 
register: 

i . The A g ( I ) mode ( in ert in Fi g. 5) li es at the same 
energeti cal position for both compound . . 

ii . A ignificant shift towards higher encrgie takes place 
for in-pl ane vibrations of the light atom in the energy band 
between 40 and 70 meY when o i ub tituted and Tc is 
suppresse d . Thi s i s mainl y du e Lo the in-ph ase and 
out-of-phase boron exc itati ons, i .e. the Eg ( I ) and Eu ( I ) 
frequencies. The Eu (2) carbon contributi ons leading to a 
peaked . houlder at 61 meY show liltlc change, a fact which 
is underlined from the measurement of Y ( i_I5 o,g5) 2B 2 
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with a T~ of 3 K (dashed line in Fig. 5). The e results arc in 
good agreement with measurements of the boron ( 108 -118 ) 

isotope effect in YNi2B2C by D.D. Lawrie et al. 11 I I, who 
determined th e parti al boro n i so tope ex ponent to be: 
a 8 = 0 .25 ± 0 .04 and al so stated th at prelimin ary 
in vestigations of the carbon ( 12C- 13C) isotope effect did not 

show a change in Tc. From their results, however, it cannot 
be decided whether the boron excitations based Ag ( I ) mode, 
which modulate the i84 tetrahedra. is in vo lved in the 
elec tron pairing mechani sm or not. Thi s predicti on i s 
strongly favoured by theory 110,7]. 

iii . Due to the smaller neutron scattering cross section of 
Co in comparison to Ni , we can explain the decrease in peak 
inten ities at 20, 24 and 32 meY as " tri vial'' nicely scaling 
with neutron sca tt ering powe r and Co-content. In thi 
metal-atom dominated low-energy part of the spectrum there 
arc. however, change which are larger than the difference in 
scaltering power would allow. i.e. a hardening of vibration 
for the Co-doped compounds between 34 and 38 meY and a 
very pronounced shift towards larger frequencies between 

6 and 18 meY . 

The GOOS deri ved for a sample with a Co-content of 
45 % (no Tc, but still metallic) showed no further increase in 
the dramatic frequency shifts discussed above [ 12]. 

In order to clari fy whether the soft-mode behaviour of 
the superconductor di . pl ayed between 9 and 13 meY . as 

shown in Fi g. 5 . i ca u. ed by Y v ib ra ti ons. we al so 

in ves ti gated Lu ( i l - x o )28 2 which fo r x = 0 has a 
comparable Tc ( = 16.5 K ). Due to the heavier mass of Lu. 
one then ex pects a " tri vial" frequency shift towards smaller 

energies from 12 meY to 8.5 meY . The measurement of the 
GOOS o f Lu i2B2C verifi ed thi prediction exac tl y and 
upon substituting 30 % of the i atoms with Co (compound 

has no T c), th ese now we ll -separa ted Lu -exc itati ons 
hardened by I meY (1 21. 

At the I 6 we also carri ed out temperalllrc-dependent 
measurements on Lu i2B2 . With good stati sti cs. we could 
cover the energy range between 0.25 and 12 meY for 300 K 

and 80 K as displayed in Fig. 6. Upon cooling we observed 
an increase in intensit y betwee n 3 and 6 meY and a 
so ftening of the Lu-caused lattice excitation. from 8.5 meY 
Lo alm os t 8 meY . The stati sti cs o f an additi onal 
measurement at 30 K was poor. but good enough lo show 
that there was no further trong increa e in thi s behaviour. 

In conclusion we find : 

i. Th e A g ( I )- ph onon medi ated elec t ro n pamn g 
mechanism predicted by theory [6] is not re flected in the 

GOOS of the superconducting quarternary born-carbides 
when compared Lo non-superconducting reference ystems. 

ii . The dramatic frequency . hifts between 40 and 70 meV 
. uggest appreciable elec tron-phonon coupling of in-plane 

boron vibrations. 
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iii . C hanges in the GDOS energy inte rva l be tween 

20 and 38 me V, which is dominated by Ni-Bg ( I) and Ni-Eg 

exc ita ti o ns , in d icates th a t in-pl ane Ni v ibrati o n are 

participating substantially in this coupling mechanism. 

iv. Our res ul ts be low 14 me V demonstrate the strong 

influence of Y and / or Lu on the electron-phonon coupling 

of the superconductors by e ither displaying dramatic energy 

shifts when compared to non-superconducting refe rence 

compounds or soft-mode behav iour upon cooling. 

Relaxation of a crystal field excitation 
in Ho0_1 Y 0_9Ba2Cu30 7 

Nuclear re laxati on techniques (NMR and NQR) have 

bee n used ex te ns ive ly to probe certain as pec ts of th e 

microscopic nature of the c uprate supe rco nductors, in 

particular the temperature vari at ion of the relaxation rate and 

frequency shift, in order to ex trac t the sy mmetry of the 

s upe rco ndu c tin g o rd e r para me ter . A s imilar type of 

experiment can be performed by neutron spectroscopy of a 

crysta l field transition whose position and Ii ne width are 

analogous to the nuclear relaxation time and Knight shift , 

a nd depe nd o n th e rea l a nd imaginary pa rt s of th e 

susceptibility associated with the CuO2 planes. 

We have studied the 0.5 meV crystal field transition of 

Ho 3+ in Ho0 . 1Y0 .9Ba2C u3O7 (Tc "" 94 K) on INS . Our 

measurements cover the temperature range 2 K to 135 K, 

and so ex te nd from the superconducting into the normal 

state. We have ex tracted the line widths and peak shifts by 

convoluting the res idual peak shape at 2 K with a single 

Lorentzian broadening function . Figures 7(a)-(c) display the 

temperature variation of the width r (HWHM), the peak 

shift rel ati ve to 2 K, and the integrated intensity normalised 
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Fig. 6: Low-frequency soft-mode behaviour of the L11Ni2B2C 
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to unity at absolute zero. The relaxation rate ( oc f) is seen to 

increase very slowly wi th temperature at first , then more 

rapidly up to Tm = 105 K, where the variation becomes 

roughly linear . Compared with the curve ex pected for a 

nonnal metal, shown by the line in Fig. 7(a), the line width 

is considerably reduce d in the s upe rco nductin g sta te. 

Th e peak shift towards hi g he r ene rg ies show s a more 

marked initial increase with T than does r , but eventually 

flattens out at Tm· 

The decrease in the integrated intensity with temperature, 

Fig. 7(c), is due to thermal depopulation of the ground state 

and closely follows the curve calculated from the known CF 

leve l sc he me. This s ugges ts that any sca tte rin g from 

transitions between thermally exc ited CF levels separated by 

~0.5 me V is Loo small to have influenced the result. 

There is co ns iderable debate concerning the orbital 

pairing state in the cuprate superconductors. The type of 

pairing affects the ani sotropy of the superconducting energy 

gap, and this in turn determines the number of quasiparticle 

exc itati ons in the rmal equilibrium available to relax the 

crystal fi e ld transition . As a consequence, information on the 

pairing state can be inferred from the temperature variation 

o f th e lin e width a nd peak position. For in s tance, an 

isotropic gap 2~ leads to an initial variation of the form 

exp(-Nk8T). As is ev ident from Fig. 7(b) , however, the data 

show large r effec ts a t low te mpera tures than would be 

ex pected fo r an ex ponenti a l ri se, and thi s sugges ts the re 

exists a signifi ca nt dens ity of quas iparticle excitations 

present at low temperatures. We conclude from thj s that the 

gap may be highly ani sotropic. 

Dispersion of the r 6(1lT 6(2) Nd crystal field excitation 

in Nd2Cu04 

Nd 2CuO4 ha s been recogni sed to be the p a rent 

compound of a n e lec tron s uperconductor with heavy 

fe rmion-lik e behav iour . Upon doping with Ce and 

s ub sequent annealing in reducin g atmosphere, 

s upe rconducti vi ty is ac hi eved in Nd 2_xCexC uO 4 _d for 

0.13 ~ x ~ 0.18 with a highest Tc of~ 22 K . For x > 0. I 8, the 

sys te m beco mes a norm a l m e ta l. For x > 0.15 a nd 

temperatures T ~ 0.3 K, the system shows a spec ific heat 

linear in temperature with a huge Sommerfeld coeffic ient 

and a corresponding large effective mass, indicating heavy 

fermion behaviour. 

The investi gat ion of the exchange interactions pl ays a 

key role in the understanding of thi s heavy fermion-like 

behaviour and the interplay be tween both superconductivity 

and antiferromagnetism. One approach to determining the 
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coupling constants is a measurement of the dispersion of the 

c r ys talline elec tri c f i e ld (CEF) exc itati o ns in th e 

para mag neti c state. W e therefo re performed inelas ti c 

neut ro n sca tterin g ex periments w ith a single crys tal to 

determine this dispersion for the r 6< 1 l-r 6(2l CEF transi ti on at 

-2 1 meV [1 4). 

T he ex periments we re per fo rmed on the tripl e-ax is 

spectrometers IN8 and IN3 at the high-flu x reactor of the 

Institute L aue-Langevin (ILL) in Grenoble. On IN8, we u. ed 
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Fig. 7: The temperature-dependence of (a) the line width r. (b) the 
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of the 0.5 meV cryswl fie ld excitation of Ho3+ in 
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excitation spectrum. and the initial temperarure variation implies 
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a C u I I I mo noc hroma tor and PG002 anal yser, bo th 

verti ca lly bent. In the case of IN3. we used a verti ca lly bent 

Cu 111 monochro mator and a horizon tall y ben t PG002 

analyser. The sample was mounted in an orange-type He 

cryostat and kept at a temperature of 4 K . This temperature 

is well above the Nd ordering temperature of - 1.5 K. 

To de cribe the data we made use of the random phase 

approximation (RPA) model. In thi s model , the excitations 

are given by the follow ing express ion: 

E(q) = ti:12 - 2M 2i:1(J(q) ±I J' (q) l) ] 112 

where L1 is the crystal fi eld splitting, M the tra nsiti on 

matri x element, and J(q) and J' (q) the Fourier transformed 

coupling constants between ions of the same and of different 

sublatti ces, respecti vely. 

The + sign corresponds to acou tic. the - ign to optica l 

branches. The scattering intensity of the two branches is 

proporti onal to I ± cos(q) with q = tr-j where t: rec iprocal 

latti ce vec tor, r: vector connecting the two sublattices and 

j = arctan( lm(J' (q)/Re(J' (q))) . 

In Fig. we how the mea ured <li sper ion of the crystal 
fi eld exc itati on. The lines gi ve the best f it of the random 

ph ase approxima ti on mode l. Observed intensiti es are 
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Fig. 9: Measured intensity of the acoustic branch, normalised 
to the total magnetic sca//ering. The line corresponds to the RPA 
model calculation. 

depicted in Fig. 9, norm ali sed to th e tota l magnetic 
scatteri ng, together with the result of our model (solid line) . 
The outstanding correspondence inspires confidence in the 
coupling con tants thus deduced. 

Secretary: Niels Pyka 
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Paramagnetic Spectral Response of CePd3: towards 
possible resolution of a controversy 

A.P.Murani 

Magnetic properties of ions of the rare earths, the 
elements forming the 4f series of the periodic table, are 
usually amenable to descriptions within well-established 
physical models, particularly in insulating compounds 
and ionic salts. Standard theories hold to a great extent 
even in metallic environments , such as their pure 
elemental state, as well as in alloys and intermetallic 
compounds. This is because the magnetic 4f electrons are 
well localised and shielded by the electrons in the outer 
higher energy shells which participate in the ionic, 
covalent or metallic bonds . Some metallic rare earth 
systems, however, particularly those containing Ce and 
Yb at the ends of the rare earth series, often show very 
unusual physical properties resulting from the interaction 
(or hybridisation) of the localised 4f electrons with the 
freely moving conduction electrons. This interaction has 
the effect of inducing temporal fluctuations between two 
or more valence states of such rare earth ions, hence 
these alloys or compounds are commonly referred to as 
valence fluctuation systems. The hybridisation with 
conduction electrons is equivalent, within certain limits, 
to the interaction of the spin (magnetic moment) of the 
ion with the conduction electron spins which gives rise, 

The Kondo Effect: 

A very interesting phenomenon was discovered a few 
decades ago in which the electrical resistivity of an alloy 
of a noble metal such as Cu, Ag or Au formed with a 
small concentration of a magnetic metal e.g. Fe, Mn, etc. 
was found to increase with decreasing temperature. This 
behaviour contrasts with the decreasing electrical 
resistivity with decreasing temperature of pure metals, as 
well as of alloys formed with non-magnetic metals. 

An explanation of the phenomenon was first 
proposed by the Japanese theoretician J. Kondo as due to 
the coupling (or exchange interaction) between the spin 
angular momentum of the magnetic ion (Fe, Mn) and the 
spin of the conduction electrons. The observed 
logarithmic increase in the resistivity with decreasing 
temperature results if this coupling has the negative sign. 
It followed from this that as the temperature decreases 
below a certain characteristic (or Kondo) temperature, 
which depends on the strength of the interaction, a 
correlated cloud of conduction electrons begins to form 
around the magnetic impurity with spins aligned 
antiparallel, thus compensating out the magnetic moment 
of the ion at low temperatures. Some of the interesting 
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for negative (or antiparallel) coupling, to the famous 
Kondo effect. Hence, a class ic valence fluctuation 
compound such as CePd3 in which Ce ions form a 
regular lattice is sometimes also referred to as the 
Kondo-lattice. 

Kondo effect and valence fluctuation phenomena in 
rare earth systems have been investigated theoretically 
and experimentally with considerable interest during the 
last two decades. While some progress in understanding 
the physical origin of the underlying mechanisms has 
been made, considerable work, both experimental and 
theoretical, still remains to be done especially since the 
subject has often been clouded by controversies in a 
number of domains such as, for example, photoemission, 
inverse photoemission or Bremstrahlung Isochromat 
Spectoscopy (BIS) as well as neutron scattering, amongst 
others . It is , of course , important to address these 
controversies with a view to reaching consensus on 
reliable experimental facts so as to provide impetus for 
further understanding and development of the subject. 

Several years ago Galera and co-workers [ 1,2] 
investigated the magnetic scattering from polycrystalline 
CePd3 at ILL using the time-of-flight technique (IN4) as 
well as polarised neutrons on the three-axis spectrometer 
D5. They found the spectral response cou ld be well 
represented by a broad Lorentzian centered on - 55 meV, 

I 

consequences of the formation of such a demagnetised 
low-temperature state are claimed to have been observed 
in the magnetic susceptibility as well as the specific heat 
of these dilute alloys. 

The concept of a compensating cloud of conduction 
electrons surrounding each magnetic site is, however, an 
oversimplification or perhaps not even accurate when 
applied to a whole lattice of magnetic ions such as Ce in 
the intermetallic compounds like CePd3. However, the 
idea of a characteristic energy scale ( often referred to as 
the Kondo temperature) which is a measure of the spin 
fluctuation rate of the local moment remains a central 
parameter in the physical interpretation of many 
interesting phenomena associated with these systems. 
The characteristic Kondo energy (Kondo temperature) 
TK can be inferred from inelastic neutron scattering 
measurements via the (half) width r of the magnetic 
quasi-ela tic distribution (T K ~ rc/2 * n or identified with 
the centroid ro0 of the broad inelastic response (T K - ro0 ) . 

The latter form is usually observed when the ground state 
degeneracy is high (~ 6), implying that crystal field 
splittings are quenched. 
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which represents its characteristic or Kondo energy. 
A subseq uent investigation using a three-axis 
spectrometer by Shapiro, Stassis and Aeppli [ 3 ] on a 
single crystal of CePd3 close to the zone center at 
Q = (0, 1. 1, I. I), however, claimed to find magnetic 
scattering only at low energies corresponding to two 
low-energy scales of - 3 and - 16 meV. These results 
were rather surprising,- especially since Shapiro and 
co-workers claimed that their measurements "over a 
wide range of q 's including some at t/ie z.one bounda,y 
have failed to reveal the high energy feature ( reported by 
Galera et al.)". 

The form of the spectral response from a classic 
valence fluctuation compound like CePd3 is central to 
our understanding of these systems. Theoretically in the 
lirrtit of large degeneracy N of the 4f state (N = 2J + l , 
with J representing the total angular momentum), and 
given that conduction electron hybridisation dominates 
over intersite interactions, the magnetic response from a 
lattice of such ions is well approximated by that from a 
collection of isolated impurities with a single, dominant 
characteristic energy [ 4 , 5 ]. The discrepancy between 
the two reported studies is, therefore, rather serious and 
needs to be resolved. It is important to establish clearly 
whether or not CePd3 belongs to the same class of 
valence fluctuation systems as, for example , the 
isostructural (cubic) compound CeSn3 [ 6] and many 
others. 

This has motivated us [ 7] to undertake a comparative 
neutron inelastic scattering reinvestigation of this 
compound, performed just prior to the long reactor 
shutdown, using the time-of-flight spectrometer IN4B on 
the same single crystal sample of CePd3 as used earlier 
by Shapiro and co-workers (and kindly loaned to us by 
them) as well as on a polycrystalline powder of CePd3. 

The latter was packed, using thin aluminium foil, into a 
cylinder of similar dimensions as the single crystal, viz. 
5 mm diameter and - 40 mm length, in order to keep the 
geometrical shape-dependent effect such as multiple 
scattering closely similar for both. This is important 
since, as discussed below, multiple scattering processes 
in the large samples dominate the observed non-magnetic 
response at low angles. This conclusion is supported by 
another experiment performed some two years later [ 8 ] 
at ISIS on the high energy transfer (HET) time-of-flight 
spectrometer, where steps were taken to reduce multiple 
scattering using neutron absorbing slats to subdivide the 
polycrystalline samples of CePd3 and YPd3 into smaller 
elements. 
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Fig. 1: Observed scattering, using the time-of-flight (TOF) 
technique, at JO Kfrom single crystal and polycrystalline 
samples of CePd3 using neutrons of incident energy 115 meV; 
a) the scattering at low angles, 20 = 9.5° and b) at high 
angles, 20 = 88°. 

In Fig . 1 a we show the low angle (20 = 9 .5°) 
time-of-flight data taken on the thermal-beam 
spectrometer IN4B for both the single crystal and 
powder samples of CePd3 after a one-to-one background 
subtraction. The results for the high angle bank (20 = 
88°) are shown in Fig. 1 b. The form of the inelastic 
scattering is similar for both samples, albeit slightly 
weaker for the single crystal, while the elastic scattering 
is very much stronger for the polycrystal compared with 
the single crystal. 

The stronger elastic scattering at high angles in the 
case of the polycrystalline powder is due mostly to the 
fact that the scattering triangles for ro = 0 'cut' several 
Debye-Scherrer rings for some of the detectors making 
up the high angle bank (average angle = 88°), while for 
the single crystal none of the detectors within the same 
angular range satisfied the Bragg condition. At low 
angles (20 = 9.5°), however, few Debye-Scherrer rings 
were cut. The enhanced elastic scattering in this case 
results partly from the higher (elastic) multiple scattering 
as well as increased surface scattering from a 
polycrystalline powder possibly contaminated by 
moisture. The inelastic scattering at high energies, 
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represented by the broad hump centred on ~ 50-60 meV 
in the low angle bank is, however, closely similar for 
both samples. It should be noted that this high energy 
scattering is practically non-existant in the high angle 
data while the lower energy component centered on ~ l 0 
- 15 me V is similar in spectral shape but stronger in 
intensity by roughly a factor of 8 to 9 compared with the 
low angle data. 

As shown in Fig. 2b, except for the high energy 
response, centered on ~50-60 meV , closely similar 
inelastic scattering is observed below 30 meV from the 
isostructural non-magnetic compound YPd3, suggesting 
clearly that this low energy inelastic scattering must be 
non-magnetic in origin. Also, it is interesting that the 
shape of the low energy inelastic scattering from the 
single crystal is so similar to that from the polycrystalline 
sample. Our use of broad angular detector groups and no 
input collimation implies measurements with relaxed 
Q-resolution . We did , however, observe sharp peaks 
appearing and disappearing with increasing scattering 
angle and as the crystal orientation was changed. These 
sharp peaks are superposed on a broad inelastic structure 
(resembling phonon density of states), which increases in 
intensity with increasing scattering angle. This may be 
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Fig. 2: Observed low angle scattering at 20 = 5° from a) 
CePd3 at 12 Kand b) YPd3 at 60 K using neutrons of incident 
energy 200 meV on the TOF spectrometer HET at !SIS. The 
dashed curves in the figures represent high angle scallering 
scaled down by a factor 11 .8. For CePd3 this represents the 
estimated non-magnetic contribution. The filled circles in a) 
show the difference signal, i.e. the magnetic contribution 
obtained by subtracting off the dashed curve from the 
as-measured data. They fall closely on the continuous curve 
which represents a least-squares fit to data above 30 meV to 
the Kuramoto -Muller-Hartmann single-ion spectra/function. 
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seen from the high angle data at 88° where sharp phonon 
modes are absent for this particular orientation of the 
single crystal. 

At low angles the cross-section of a phonon mode, 
proportional to Q2, is rather low compared with other 
contributions discussed below, due to the low value of Q 
( ~ l.2 A- 1 ), hence the scattering appears to remain 
practically invariant with crystal orientation. The 
question of the form of the observed scattering aside, 
intensity considerations alone uggest that if only single 
phonon processes contribute to the observed low energy 
inelastic scattering at low angles, its intensity is 
anomalously high relative to the high angle bank. From 
the Q2-variation for single phonon events, we expect 
an intensity ratio of ~ 70 for the two scattering angles 
of 9.5° and 88°, whereas the observed ratio of between 
~ 8 to 9 for the polycrystal and single crystal respectively 
indicates much higher scattering at low angles than 
expected. We thus conclude that the observed low energy 
inelastic scattering at low angles (observed also in 
non-magnetic YPd3) must originate, to a large extent, 
from non-magnetic multiple scattering processes. 
The dominant contribution to this scattering originates 
from processes in which the first scattering event is along 
the axis of the cylindrical sample, since this provides the 
longest path and hence the highest probability for a 
second event through a similarly large angle into the low 
angle bank. The similarity of the low energy scattering 
for the single and polycrystalline samples (of similar 

• geometrical shape) provides the clearest demonstration 
that, in experiments using thermal and high energy 
neutrons, multiple scattering occurs in a fairly similar 
manner in both types of samples. 

In a later experiment on HET at ISIS , we have 
attempted to reduce multiple scattering by subdividing 
the large rectangular slab-shaped polycrystalline samples 
(of CePd3 and YPd3) into smaller elements using neutron 
absorbing slats [ 8 ]. With the adopted configuration the 
multiple scattering contribution was reduced by ~ 60 %. 
Note that the peak-heights of the low and high energy 
inelastic components are roughly similar, i.e. 1: L in 
Fig. 2a, whereas in previous measurements, Fig. 1, the 
ratio of the peak-heights wa > 2: l in favour of the lower 
energy (non-magnetic) structure. 

The observed scattering at low angles (20 = 5°) for 
the non-magnetic reference, YPd3 measured at 60 K 
using identical sample configuration ~re shown in Fig. 2b 
(squares). The dashed curve in the figure represents high 
angle data scaled down by a factor ~ 12. As mentioned 
earlier, whereas the observed low energy inelastic 
structure is very similar for both CePd3 and YPd3 
samples, the high energy response is not observed in 
YPd3. The non-magnetic contribution within the low 
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angle data of CePd3 may be estimated by assuming that 
the ratio of the non-magnetic contribution relative to the 
high angle scattering (which is essentially non-magnetic 
due to the relatively small magnitude of the magnetic 
form-factor at high Q-value ) is the same as that for the 
observed scattering from the non-magnetic reference 
YPd3 for the same two scattering angles [ 6 ]. This does 
not require that phonon frequencies be exactly the same 
for the two compounds, but only that the overall 
scattering and absorption cros -sections should not be 
grossly different [ 6 ]. The method has been found to 
work well for two non-magnetic iso-structural 
compounds and has also been justified by Monte Carlo 
simulations recently [ 9]. The non-magnetic contribution 
thus estimated for CePd3 is shown by the dashed curve in 
Fig. 2a. The spectral fit using the single-ion spectral form 
proposed by Kuramoto and Mi.Hier-Hartmann [ 10] is 
indistinguishable from a Lorentzian fit over the energy 
range covered and returns a characteristic energy T K of 
-50 meV, fully consistent with the results of Galera and 
co-workers[ 1,2]. With the help of the spectral fit to the 
high energy magnetic signal, we have evaluated the 
form-factor corrected integrated magnetic cross-section 
to be -280 mb sr·1 fu- 1 corresponding to a 4f occupancy 
<nf> - 0.9. We have also evaluated the static 
susceptibility from the magnetic response and found it to 
be consistent with the bulk susceptibility of CePd3. 

From our comparative time-of-flight measurement 
on the single and polycrystalline samples of similar 
geometrical shape, Fig. 1, it is evident that relatively 
strong (and very similar) contribution from non-magnetic 
multiple scattering processes occurs at low energy 
tran fers in both types of amples when measurements 
are performed using thermal and high energy neutrons. 
Thus, we believe, a good fraction of the low energy 
scattering in the three-axis measurements at low q (zone 
center) from the single crystal could be accounted for by 
such processes. We believe also that the failure to 
observe the high energy response in the latter 
measurements could, quite plausibly, be associated with 
the high background conditions of the three-axis 
spectrometer, particularly at high energy transfers. 

Finally, we have taken advantage of the high energy 
neutrons available from a spallation source to investigate 
CePd3 with neutrons of incident energy 900 meV using 
the same time-of-flight spectrometer HET. These high 
energy data , shown in Fig. 3 , are corrected for 
non-magnetic scattering using YPd3 as the non-magnetic 
reference measured under identical conditions. We have 
fitted the resultant response (over the range 
100 < ro < 250 meV) to the Kuramoto - Miiller-Hartmann 
spectral form convoluted with the broad energy 
resolution function fixing the two characteristic 
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Fig. 3: The magnetic spectral response from CePd3 at 12 K 
measured with the TOF technique using high energy neutrons 
(E; = 900 meV), obtained by subtracting off the non-magnetic 
contribution with reference to YPd3 measured under identical 
conditions. The solid curve represents a fit ( over the range 
JOO< OJ< 250 meV) to the Kuramoto - Muller-Hartmann 
spectral form convoluted with the energy resolution, .fixing the 
parameters T K (the Kondo energy) and a(= sin(n < n1 > IN, 
with <np representing the occupancy and N the degeneracy 
of the 4f state) to their values determined more accurately from 
the low energy, high resolution data (Fig. 2) and varying only 
the vertical amplitude. The apparent difference in the fitted 
curves in the two figures, particularly at low energies, is due 
to the broad energy resoltion of the present high energy 
experiment. The inset shows the difference signal relative 
to the fitted curve on an expanded vertical scale and using 
a doubled energy bin-width on the horizantal axis. 

parameters (T K and ex) to their values determined more 
accurately from the low energy data (Fig.2). 
The resultant fit shown in Fig. 3 describes the high 
energy data fairly well except for the broad residue, 

shown on an expanded vertical scale in the inset. This 
signal, we believe, represents the excitation to the 2 F 712 
spin-orbit state. A Lorentzian fit yields a half-width of 
- 60 meV, centrered on - 360 meV. The rather low 
intensity of the excitation relative to the main response 
is, however, consistent with the magnitudes of the 
respective matrix elements of the transitions [ 1 I ]. 
The observation of the broad 'spin-orbit' excitation at 
- 360 meV compared with the spin-orbit energy of the 
isolated Ce3+ ion of - 270 meV [ 12] suggests that the 
Kondo energy of the upper (2F7n) spin orbit state is 
- 90 meV, almost twice that for the ground state (2F512). 

The higher magnitude of the Kondo energy of the upper 
spin-orbit level can be justified theoretically [13 ]. 
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In conclusion, we have shown that the paramagnetic 
scattering from the ground (2F512) state of the lattice of 
Ce ions in the compound CePd3 has essentially the single 
ion form with a high characteristic or Kondo energy of 
~ 50 me V, confirming the expectation that a Kondo 
lattice such as CePd3 with conduction electron 

~hybridisation as the dominant interaction is well 
approximated by a collection of isolated impurities. Our 
data allow us to put an upper limit of 2% of the main 
response to possible additional or deviational scattering 
(at finite, non-zero q's) associated with low-temperature 
coherence effects such as evidenced in the electrical 
resistivity, for example . The enhanced high energy 
excitation to the 2F712 spin-orbit state suggests that the 
characteristic Kondo energy of this state is even higher, 
viz. ~ 90 meV. Finally, the fact that localised, single-ion 
character of the 4f state, with occupancy ~ 90%, persists 
in CePd3, as in a.Ce [ 14] and a number of a.Ce-like 
compounds, suggests that 4f-band formation [ 15] 
(as distinct from quasi-particle states or bands) in such 
systems may, in fact, be a relatively rare phenomenon. 
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Neutrons at last ! Trave l to other neutron centres and to 
confere nces was much reduced . The few ad mini strat ive 
hitches were soon out of the way, and exc iting experi ments 
started. New software interfaces , new co mm ands, new 
measuri ng techniq ues could be tested with rea l ne utro ns. 
For some. it was a somewhat pain ful introduct ion to the 
fi e ld , for o th e rs , the ma in effo rt was to re me mber the 
sequences of calibrations, systematic tests, sample mounti ng 
proced ures , spuri o n hunt s ... tha t had wo rked so we ll 
"before". Techniques learned at other sites were even tri ed. 
Most instruments used by Co ll ege members were in full 
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fl ight before the summer. tho ugh a few users and local 
contacts had forgotten some of the hard fac ts about sample 
quality, statistics .. . 

It was particularly pleasing to see the new depths reached 
with the single-crystal fo ur-circle cryostat on DI 0: a trul y 
unique in trument, the more so as it i now controlled by 
Uni x. An increas ing proportion of beam time on D 19 is used 
for fi bre diffraction. D2B and DI B are the workhorses for 
increas ingly sophisticated powder experiments, with D20 
eagerly awaited. The CRG instruments are coming into play, 
and are a vital component in the li fe of the ILL. The new 
CRG teams increasingly make their presence fe lt : they are 
very welcome and already contribute to the scienti fic life of 
th e ILL - ma ny a re o f co urse o ld fri e nd s - a nd to 
experiments where co ntinuity and ca reful preparatio n and 
analysis are needed. 

Claire Wilson and Jason Buckley left the ILL during the 
year, as did Jean Pannetier to take up a research management 
pos iti on a t Pechiney. We we lcomed bac k Jacqui Co le. 
as we ll as R o be rt Wimp o ry to continu e s upp o rt fo r 
the materi a ls sc ie nce a nd indu stri a l use o f ne utron s, in 
particular on DI A, and Thomas Hansen to help commission 
D20 . The Co ll ege was sadde ned to lea rn o f the death 
of Al an Mackintosh. 

As the instruments reached steady state operation , the 
new ILL sc ienti sts ask how they can cooperate with others to 
ac hi eve syn e rg y in their chose n a reas. But ma ny 
diffractioni sts are near their limit in local contact work; for 
some it is a choice, others find it hard to refu se. Users need 
to be consc ious of the demands they make. 

Proposa l qua lity was high, and by the Octobe r 1995 
round it was clear that the level of interest in neutrons was at 
least as high as before the shutdown; typicall y 75 proposa ls 
in Co ll ege 5a (crys tallog raphy) and more th an I 00 in 
Co ll ege 5b (mag ne ti c structures) . Proposa ls requiring 
extreme sample e nvironments are often very demanding on 
sci e nti s ts a nd tec hni ca l se r v ices, but continu e to be 
hallmarks o f the ILL, and we full y support a ll efforts to 
optimi se technical support. The sci e ntifi c interes ts of the 
College are very wide, as is refl ected in the brief reports 
below. The subject of thi s year's blue box, giant - or even 
colossal - magnetoresistance was very fruitful , and is yet 
a no the r occas io n , fo ll ow in g hi g h te mp e ra ture 
superconducto rs and full e renes, fo r the special virtues of 
neutrons, of course aided by complementary techniques, to 
be exploited. 

Scientific Highlights in 1995 
Crystallography 
The atomic decoration of quasicrystalline Al70Pd20Mn 10 

The structu re of a quasicry. ta! may be descri bed in a six­
d imensional (6-D) space where translational pe ri odi city is 
recovered. The 6-D periodic latti ce is di vided into two 3-D 
spaces : the phys ical space. also ca lled parallel space. and the 
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co mplementary perpendi cul ar space. The 6-D latti ce is 
deco ra te d by a set of 3-D a tomic obj ects ly in g in 
perpendicular space. The problem of quasicrystal structure 
determination is then the locati on of these 3-D atom ic · • 
objects and the detem1ination of their shapes. 

Despite the cons iderable progress made in understanding 
the atomic structure of quasicrystal s since their discovery ten 
years ago, none of the proposed models give agreement with 
observation a nyw he re nea r that usua ll y obtained for 
'conventional' 3- D period ic tructures. Thi s is due to the 
di ff ic ulty in tai lor in g th e a to mi c objects in s pec ifi c 
stru c tures, and more genera lly to the lac k of a genera l 
modelling procedure; indeed the mode llin g of the 3- D 
o bj ects requires in prin c ipl e a n in f init e numb e r of 
parameters. To complement the current ex tensive theoretical 
efforts o n thi s problem , th ere is a need fo r more 
experimental data, in particular refl ections corresponding to 
hi g h values of Q pe rp , the m o me ntum tra nsfe r in 
perpendicular space. 

The coarse structure of the Al 70Pd20Mn 10 icosahedral 
phase has prev iously been determjned by powder diffraction 
by isomorphou s replacement of Mn with FeCr. and from 
contrast of the different re lative scattering factors of Pd and 
Mn in X-ray and neutron single-crystal diffraction there is 
ev idence for strong chemica l order [l]. This results in a 
model consisting of quas iperiodic packing of two ato mic 
clusters , identica l topologicall y but with different chemical 
decoration. The neutron single-crystal data coll ected thus fa r 
however extend to just Qperp - I A- 1, thi s limit be ing due 
mainly to the dramatic fall-off in intensity which is roughly 
proportional to Qperp-6. 

Two meas ure m e nt s on D 19 (Garry Mc[ntyre in 
collaboration with UJF, Gre nobl e) in 1995 have greatl y 
ex tended the experimental data for AI70Pd20Mn 10. Taking 
advantage of the large 2-D po ition-sensitive detector (PSD), 
complete asymmetric volumes of rec iprocal space were 
recorded to Qpara llel = 11 A- 1, at room temperature, and just 
above the structural transformation observed between 550° 
and 770° C. Since a volume of reciprocal space is scanned 
with the 2-D PSD, rather than indi vidual reflections as with 
a conventional diffractometer, the range scanned in Qperp is 
infinite and the observational limit is determined by the 
counting tim e or the in s trumental reso lution. Such 
systematic data co ll ections are the first on quasicrystals, and 
in the seven days ava il abl e for eac h measurement gave 
observed reflections to Q perp - 1.6 A- 1, giving ro ughly five 
times the number of unique refl ections prev iously recorded, 
over a dynamic range of more than four orders of magnitude. 
Fig. I shows one reciprocal latti ce row with reflections near 
the limits of thi s range. Also evident is diffuse scattering due 
to phason di sorder, and whi ch is c learl y different fo r the 
neighbouring reflections 15/24 and 16/24 which otherwise 
have simil ar integrated intensities. 

These data are presently being analysed by Patterson 
techniques. A first analys is of the room temperature data has 
revea led s ign ifica nt deviat ions from the c rude spheri ca l 

51 

# 18/25 

, -15/24 

18/21 

I 15/23 

. 16/24 
•.· 

18/29 

.t 
~l 

I 

c... 
CD 

~ 
0 .... 
N 

detector X 

Fig. I: A scan 1hrough !he reciprocal la11ice row of icosahedral 
AL70Pd20Mn 10 wilh the two-dimensional de1ec1or of D/ 9. The 
refleclions span four orders of magnitude in intensity. Th e extended 
tails in the scan direc1ion fo r the reflections 18129, I 6/24 and 20/32 
are due to phason disorder. 

model that was prev ious ly der ived for the shape of the 
decorating atomic object (Fig. 2). With all owance fo r the 
different overa l I Debye-Waller fac tors , there are also large 
differences between the room-temperature a nd hi g h­
temperature data for abo ut 30% of the re flect ions; th e 
structures at the two temperatures are thus si milar but by no 
means identical. The room-temperature data wi ll be 
complemented by synchrotron X-ray data co ll ected on the 
same crystal to Qperp - 3.0 A- 1 near the Pd absorption edge. 
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Fig. 2: Difference Patcerson syntheses based on the superlattice 
reflections of the atomic decoration in icosahedral AL7oPd20MnIO: 
Sections in perpendicular space at, a) the origin, and b) the body 
centre of the 6-D cube. 

Multiple a.-agostic interactions 
in Mo[Meh[NC6Hi-Prhh * 

Three-centre M-C-H a.-agostic interactions have been 
proposed to pl ay an important role in polymerisation 
catalysis, in particular of the Ziegler-Natta variety. Simple 
agostic interactions have been known for some time now 
and many of these compounds have been characterised by 
single crysta l X-ray diffraction but only a very few by 
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Fig. 3: The molecular structure of Mo[MeJi[NC6H3tPrhh 
illustrating (a) the distortion of the methyl groups from regular 
tetrahedral geometry, and ( b) the sense of the lib rational effects of 
the methyl hydrogen atoms. The two alpha-Mo methyl groups are 
symmetry equivalent so values are given for only one of the groups. 

neutron diffraction . Furthermore, compounds exhibiting 
multiple agostic interactions are very rare. Results from 
rec ent work in Durham (De Silv a D ., Gib so n V .C ., 
Howard J.A.K., Walker G.L.P., unpublished work) had 
indicated the presence of such multiple a.-agostic 
interactions in the compound , Mo[Meh[NC6Hi -Pr)zh. 
Neutron stud ie s were dee me d necessary in order to 
unambiguously confirm (or otherwise) their presence. 

A single crystal neutron diffraction experiment was 
carried out on D9 (Jacqueline Cole in collaboration with the 
University of Durham) to study Mo[Meh[NC6Hi-Pr)zh at 
T = I SOK. Best results so far obtained indicate that a.-agostic 
interactions do indeed exist; each methyl 's coordination is 
markedly distorted from regular tetrahedral geometry and of 
special note is the angle Mo-C 13-Hl 3B which is particularly 
low (104.7°). A large amount of librational motion ensues, 
thus disguising the exact positions of the hydrogen atoms; 
however, this thermal motion appears to be directed towards 
the Mo atom. Figure 3 illustrates this directed libration and 
further , one can see that two of the hydrogen atoms lie 
distinctly closer to the Mo atom than the other. The average 
distances (considering librational effects) between the Mo 
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atom and H 13A and H 13B respectively are 2.627 A. and 
2.604 A. (compared to 2.756 A. for Mo H 13A ), thu s 
confirming the presence of a-agostic interactions. We 
suppose that both of these two hydrogens take part in thi s 
type of interaction with the Mo atom; although not both to 
the same extent but such that the overall effect results in the 
obeyance of the 18e- rule . 

* i_pr = isopropyl (a 2-methyl-ethyl group) . 

Diffraction from polymeric gratings 

One of the first successful experiments on the new small­
angle scattering facility D22 of the ILL was on Bragg 
diffraction from laser-induced gratings in polymers. 

U ing photo-inducers, one can create regions of higher 
density in a thermally prepolymeri ed deuterated polymer 
matrix by polymerising additional monomers in a 
holographic light-interference field . 

The density modulation, which i very weak, creates a 
three-dimensional lattice with a lattice con tant of about 
800 nm in this example and a thicknes of ome mm in the 
polymer. The grating is able to diffract slow neutron with a 
high yield. 

Fig. 4 (page I 58) shows the diffraction pattern obtained 
at the ILL (Romano Rupp and colleagues, Univer ity of 
Osnabriick , Germany together with Roland May, ILL) at 
D22 using neutrons of about 4. 1 nm . What is seen i the 
direct beam at x = 0, a strong first order reflection about 
12 channels to the right, a weak first order reflection to the 
left, and a weak second order peak at the right. The relative 
intensities can be changed by turning the grating in front of 
the beam. As can be seen in the profile below, the first-order 
peak is significantly stronger than the transmitted beam. The 
inclination of the diffracted spots is due to the fact that 
neutron s with large r wavelengths contained in the 
wavelength di stribution of I 0% (fwhm) also fall further 
down before they reach the detector. 

In a second experiment on D 11 , the same team was able 
to demon strate for the fir s t time the existence of the 
interference of cold neutrons (wavelength 1.5 nm) with a 
contrast of up to V = 0.2. 

Ultimately, such experiments can serve two purposes: 
They allow one to build neutron-optical components , and 
they can serve to study the relaxation of laser-induced 
pattern in polymers by means of combined neutron and 
light interferometry. 

Thermally induced redistribution of re idual stress 
in high temperature components 

The failure of engineering components which are 
subjected to steady loading at elevated temperature can 
occur over a period of time by creep rupture, (which occurs 
when the creep durability of the material i exhau ted), by 
creep crack growth or some combination of both proce se 
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[2] . Creep rupture is most likely to occur in structures that 
do not contain stress concentrations and which are defect­
free, whereas failure by crack growth is most likely to take 
place in components which contain a sharp defect from 
which a crack can propagate. With the increasing use and 
sensitivity of non-destructive inspection techniques, defects 
are more readily detected than previously and there is a 
growing need for methods of assessing their significance, 
especially in components which operate at elevated 
tern peratures. 

In order to produce reliable estimates of the lifetimes 
of high temperature equipment, such as steam pipes and 
pressure vessels in electrical power and chemical process 
plants, procedures are needed for reliably predicting the rate 
of growth of any defects that may be present. Models have 
been produced for describing the e cracking rates in term 
of creep damage accumulation in a process zone ahead of 
a crack tip u ing creep fracture mechanics concepts and 
a knowledge of the loading condition applied to a 
component. However, component such as steam pipe and 
pressure vessel typically contain residual stresses, which 
are introduced during fabrication by bending and welding 
operations, and these will contribute to the overall stress . 
It is necessary to determine to what extent the e stresses 
influence component lifetimes. Also, because of creep, these 
re idual tresse will relax with time. It was the purpo e of 
thi s investigation to examine the re sidual s tre s 
redistribution caused by creep in a low alloy steel steam pipe 
material. 

The 'C', half thick pipe ection, geometry wa chosen 
becau e a crack can sub equently be propagated along the 
plane XX ( ee Fig. 5) to repre ent the behaviour of an ax ial 
defect in a steam pipe. It had an inner radius 25 mm and 
outer radiu 50 mm. The thicknes was restricted to 12.5 mm 
to limit neutron beam attenuation. The material was a 1 % 
CrMo V ferritic steel that had been taken from a rotor 
forging. The sample was pre- tressed in ten ion at a load of 
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Fig. 5: Calculated and measured residual stresses across 
section X-X 
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51 k , so that yielding occurred at the bore re ulting in a 
compressive residual stres field at the bore and a balancing 
field aero s the ligament XX. The predicted residual stress 
field, which wa calculated u ing a finite element code, is 
shown in Fig. 5 together with the original tres distribution, 
which had been mea ured during a previou investigation 
at ISIS . The original mea ured tre e were, in general, 
not as high as tho e predicted by the FE model. 

To simulate typical high temperature ervice the ample 
wa oaked in a furnace at 550°C for 250 hours . 
The redistributed residual tres field , determined from data 
obtained u ing DI A (collaboration with G .A. Webster. 
Imperial College & P.J . Web ter. Salford niver ity) and 
the (2 11 ) reflection , is also shown in Fig. 5. It i evident that 
the treatment caused relaxation , by creep, of mo t of the 
residual stresses, particularly the peak stresses at the centre 
of the sample ligament. Compari on are being made with 
finite element predictions of the relaxation process. It is 
anticipated that the magnitude of the changes ob erved will 
have a significant effect upon lifetime predictions. 

The cry tal structure and optical activity of tellurium 

The e lement · tellurium and se lenium have a crystal 
tructure made up of spiral chain of bonded atom packed 

in an hexagonal array. The piral chain may be of either 
hand and consequently the symmetry of the structure is 
enantiomorphic. The right-handed form belong to pace 
group P3 121 and the other to P322 l. Cry tal of tellurium 
exhibit trong optical rotatory power, the two enantiomorphs 
having opposite enses for the rotation. It ha not yet been 
pos ible to determine experimentally which particular 
enantiomorph gives which sense of optical rotation since the 
normal methods of crystal structure determination cannot 
distinguish between enantiomorphs, nor is thi 
straightforward u ing anomalous di spers ion. The sense of 
the spiral chains can be obtained in a diffraction experiment 
only through the ani otropy of the electron density due to 
bonding which combined with anomalous dispersion can 
produce small differences in the intensities of Friedel pairs 
of reflection . However the intensity differences expected 
are only a fraction of a percent o that their measurement is 
hardly fea ible . 

It has been shown in previous experiments that the 
polarisation dependence of the neutron spin-orbit 
(Schwinger) cattering i a en itive prob of the asymmetry 
of the electron den ity in acentric tructure . This property 
of the Schwinger cattering ha now been u ed to determine 
the en e of the structural piral in tellurium. In an order of 
magnitude calculation made to e timate the fea ibility of the 
experiment, the a ymmetry of the e lectron density wa 
modelled by a bond charge of 0.05 elec tron (the value 
determined from Schwinger scattering experiments of GaAs) 
placed at the mid points of the Te-Te bond . This calculation 
howed that there hould be no polarisation dependence of 

the intensity of { h0I) reflection due to charge asymmetry; 
but that for more general reflections including the form 
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Fig. 6: Diagram of the hk I plane of reciprocal space for the two 
ena11tio111orphs of Te. The positions of the IOI and I I 1 reflections 
are indicated. In the point group PJ 121 the 12 IOI reflections are 
divided into rwo groups of 6 which for Te have very different 
struc/Llrefactors. For ena111iomorph (a) the squares marking the 
sets with strong (s) or weak (w) structure factors are filled or open 
respectively. The positions of the I I I reflections are marked with 
positive or negative signs indicating the expected sign of R-1. It can 
be see11 that fo r enantiomorph (a) the sequence on rotating the 
diagram c/ocbvise from I I I is - w + s - w + s ... whereas for (b) it 
is - s + 11· - s + w ..... 

{ hhl) a polarisation dependence amounting to a few parts in 
I o--i should be ob erved. Furthermore, the calculation show 
that there is a characteristic sequence of pos iti ve and 
negative differences, hown in Fig. 6, which di tinguishes 
between enantiomorphs. Measurement of such a small effect 
i po sible only with a large cry tal and a high inten ity 
polari sed neutron source, since ome I 08 neutrons per 
reflection must be counted to obtain 25% accuracy in the 
difference from unity (R- 1) of the polarised neutron flipping 
ratio estimated in the model calculation . 

Measurements of 4 sets of { hhl) reflections were made 
(Jane Brown in collaboration with Bruce Forsyth , RAL) on 
the polarised neutron diffractometer D3 with 11. = 0.84 A, 
two of these were remeasured with 11. = 0.51 A.. The re ults 
are shown in Table I . The differences R-1 are consistent 
with those calculated for the space group P3 12 1. They show 
an asymmetry which is due to the imaginary part of the Te 
scattering length. The actual value of R-1 lead to a va lue 
of the bonding charge in the simple model out lined above 
of 0.032( 15) electrons. 

The optical rotation of the cry tal was measured using an 
infra-red Fourier transform pectrometer. The wavelength 
dependence of the rotatory power had the ame functional 
form as that of previous measureme nts. It en e howed 
that our crystal was laevo-rotatory: it rotate the light to the 
left a een by an observer lookin g throu gh the crystal 
towards the light source. 

These experiments show conclusively that the plane of 
polarisation of light transmitted along f00 I] rotates in the 
ame sense as the piral chain of bonded te llurium atoms. 
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The simple princ iples based on the polari sable ion model, 

which have proved successful in determining the sense of 

optica l rotation in qu ite a number of compounds, predict that 

the plane of polarisati on in Se and Te should rotate in the 

opposite sense to the structura l he lix in contrad iction with 

our observati on. It is probable that thi s di sagreement is due 

to the inadequacy of a single ioni c polarisability to describe 

the highl y ani sotropic. covalent structure of tellurium . 

Table I 

The di ffe re nces fro m unity o f the o bse rved flippin g 

ratios R, and the ir sig ns ± ca lculated for the space g roup 

P3 12 I for different members of the forms ( hhl). 

{hkl} hkl hk-1 -h-kl -h-k-1 

N=0.84 _ (R- l )x~Q6 ± @-Ux J06 ~ (R- l )x l06 ± (R-12x l0~ ± 

_!_ 1 Q_ _ -2(7) _10(4) _ + 

_I _l _I _ 3J(_!J) _ _± 31(12) _ + _:1 6(1 0) _-9(!_1) 

00 3 

L J 2 

A,---0.51 

1 1 l 

00 3 
-

2(5) 

14(!_!_) 

15(2l) ___ 

14(6) 

:!: - 1(52._ _ + 

- -2(!_!) - --3 1{1_?) + -4(15) 

_± ~Q(~) :t_ -~9(2§) - -31(21) -
+ 9(6) + 

Superconductors produced under high pressure 

+ 

-

U ntil the ir c rys ta l ch e mi s try i s und e rs tood , m an y 

interesting compounds can o nl y be prepared in very sma ll 

quantiti es and often under ex treme conditions. Thi s is the 

case of some hi g h te mpera ture superconductors, such as 

Ca2Sr2Cu3GaO9. Thi s structure was studied and published 

b y Roth [3] o n DJ A s ho rtl y be fore th e lo ng reac to r 

shutdown , but the ma te rial was pre pared unde r normal 

conditions and was non-superconducting. 

Re c e ntl y a gro up fr o m th e J a pa nese In stitut e for 

Rese a rc h in In o rg ani c M a te rial s ( F. Izumi , Ts ukub a) 

succeeded in producing small quantiti es of superconducting 

materi a l (Tc = 73 K) at l 250°C and 6 GPa. The structure 

(Fi g. 7 , page 158) o f a ve ry s m a ll sa mp le of th e 

s up e rco ndu cti ng m a te ri a l was o bt a in ed o n D2 8 b y 

Khasanova et al. [4] . It was found that on ly at high pressure 

was the Ca2+ site complete ly occupied (Sr2+ and Ca2+ are 

comple te ly ordered o n two d ifferen t s ites). This pe rmit s 

sufficient hole doping of the CuOr layers for superconductivity, 

wi th the formal oxidati on . tate of copper 2.33. 

This work is an excellent example of how the increasing 

efficiency of neutron powder d iffractometers (the new D20 

wi ll be ab le to study millig ramme samples) contributes to 

the understanding of the crystal chemistry of new material s 

prepared under extreme conditions. 
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Structural analysis of CuGeO3: relation between nuclear 
structure and magnetic interaction 

One-d imen ional spin- 1/2 structures have been stud ied 
ex tensively both experimentall y and theoretically, but, until 
recentl y, spi n-Pe ie rl s (SP) transitions were known in onl y 
rather complica ted metal-organic structures. There fore the 
announcement by Ha e et al l5 ] of a SP transition at 14 Kin 
the rather simple inorganic compound CuGeO3 tri ggered a 
lot of inte res t in thi s compound . The observed magneti c 
ph ase di ag ra m a nd exc it a ti o n s pec trum foll o wed th e 
ex pec ta ti o ns fr o m th e o rgani c SP co mpo und s, but th e 
structura l component o f the P transition remained subject 
to contro versy. Eve ntu all y a combined X-ray and neutron 
study positi ve ly identifi ed a superl atti ce with space group 
Bbc m g ivin g ri se to ve ry wea k re fl ec tion s o f the type 
(h/2 k 1/2) in the room-temperature Pbmm cell. 

Th e import a nce of th e nu c lea r s tru c ture fo r th e 
magneti sm in CuGeO3 is suggested by several macroscopic 
o bse rva ti o ns: th e SP tr a ns iti o n is acco mp a ni ed by a 
spontaneous stra in along b, and by large anomalies in the 
ultra-sound ve loc iti es, a nd e ve n above T s p the c rys ta l 
structure is rather an harmonic. Our knowledge of the nuc lear 
structure in the SP phase, and its re lati on to the hi ghe r­
temperature structure i however limited by the very low 
intensity of the superl atti ce refl ections, the strongest being 
some fo ur o rders o f mag nitude smaller than the . trongest 
refl ecti on in the hi gh-temperature structure. This lack was 
rectified by a very careful diffraction measurements on D10 
to determine the structure of CuGeO3 at room temperature. 
at 20 K and at 4 K [6]. The number of unique superstructure 
re fl ecti ons measured re li ably was increased sevenfold over 
earlier studies. 

The CuGeO4 structure consists of CuO6 octahedra and 
GeO4 tetrahedra s tac ked a long c (Fig. 8) . A pro nounced 
temperature dependence of the atomic positions in the high­
temperature phase was observed. The major deformation on 
cooling from room temperature to 20K is a rotation of the 
Cu (O 2) ribbo ns a ro und th e c ax is, acco mp ani ed by a 

Fig. 8: The roo111 -1e111pera111re s1me111re of C11GeO3. The ellipsoids 
represell/ 40% probabiliry de11si1y. The lines i11dica1e 1he Pb111111 
cell. 
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Fig. 9: a) Projection of the CuGeO3 structure at room temperature 
on the a,b plane; the arrows indicate qualitatively the shift of the 
atomic positions on cooling to 20 K. 
b) Projection at 4 Kin the spin-Peierls phase; the arrows indicate 
the displacements with respect to the high-temperature phase. 

tran lation of the tetrahedra. The reason for this behaviour 
might be an internal mismatch between the izes of the 
octahedra and tetrahedra, and the volumes of the cavities. 
The rotation is similar to the di tortion ob erved below the 
pin-Peierl transition, with the important difference that the 

di placement of neighbouring octahedral edge are displaced 
in the ame direction above the tran ition, while below the 
transition they are displaced in opposite sense to result in a 
twist distortion (Fig 9.). The rotation of the Cu(0 2) ribbons 
has an impact on the magnetic interaction parameter J; 
computation of J shows that its splitting in the spin-Peierls 
pha e i dominated by the modulation of the Cu-0-Cu angle. 

Crystallography and Magnetism 
Measuring natural Sm on D1B, the magnetic structures 
ofSmMn2Ge2 

Giant magnetoresistance (GMR) phenomena (see also 
Blue Box) have first been found in artificially produced thin 
film Layered Metallic Magnetic Structures (LMMS). A spin 
flop transition can be induced by a field , destroying thereby 
the antiferromagnetic ordering between uccessive layers. 
Later it was found that these GMR effects can also be 
expected in bulk LMMS. 
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The intermetallic compound RMn2X2 (R = Rare-Earth, 
X = Ge or Si) cry tallise in the ThCr2Si2 type structure. It is 
made up of atomic layers stacked along the c-axis direction 
with equence R-X-Mn-X-R. 

Magnetisation measurements on SmMn2Ge2 revealed 
already in 1985 an interesting sequence of phase transitions 
from paramagneti sm at high temperatures through 
ferromagnetism between 350 K > T > 140 K to 
antiferromagnetism for 140 K > T > 105 Kand finally back 
to ferromagnetism below 105 K. This compound was of 
special interest due to its reentrant behaviour at low T and 
due to the GMR present in the antiferromagnetic phase 
between 105 K and 140 K. 

Later a plenitude of RMn2X2 compounds was studied 
with magnetic measurements and neutron diffraction ; an 
overview of the neutron results is given in [7]. However, 
although being in a certain sense the prototype of the 
RMn 2X2 compounds the exact magnetic structure of 
SmMn2Ge2 has never been studied by neutron diffraction 
due to the very large absorption cross-section of Sm. 

In a collaboration with the University of St Andrews 
(C. Ritter, G. Tomka, C. Kapusta, P.C. Riedi) it was planned 
to perform the measurement on an isotopically enriched 
sample with less absorption . Unluckily , however, the 
supplier of the isotope could not honour his engagement and 
we had to try the ' impossible': Powdering the sample very 
finely and diluting it with Al-powder in a ratio of I : 10, 
a natural sample of SmMn2Ge2 was measured on DI B with 
A= 2.52 A. Figure 10 shows a spectrum as obtained after I h 
measuring time, peaks at 20 = 66° and 77° stem from the 
added Al-powder , the peak at 72° from the vanadium 
ample holder. The high absorption still present is mirrored 

in the behaviour of the background which decrease strongly 
when going to low 20 values. It effect on the peak 
intensities can be corrected for by introducing an absorption 
coefficient into a modem Rietveld refinement program uch 
a FULLPROF. 

Data were collected at several se lected temperatures: 
1.5 K, 80 K, 120 K, 220 K, RT and 415 K. The profile 
refinement resulted in the magnetic tructures and value of 
magnetic moment listed in table I . 

The 4 manganese atom which are present in the unit cell 
are labelled in equence, Mnl at 1/2 0 l/4, Mn2 at O 1/2 1/4, 
Mn3 at 1/2 0 3/4 and Mn4 at O 1/2 3/4. A sequence ++++ 
in table I means obviously a ferromagnetic alignment of the 
4 pins whereas ++- or -++- are antiferromagneti c 
couplings of the 1-4 labelled Mn spins. The number give 
the values of the component in the particular direction. 

Although called ferromagnetic from the magnetisation 
re ults the phases at T < 105 Kand at T > 140 K comprise a 
strong antiferromagnetic contribution, the magnetic structure 
i pin canted. This antiferromagnetic -++- coupling in the 
a-b plane is in fact the only exchange coupling present over 
the whole temperature range. The ferromagnetic coupling 
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Fig. /0: Neutron diffraction pattern of SmMn2Ge2 at 1.5 K as 
measured on DI B in 1 hour 

not only disappears in the intermediate phase 
105 K < T < 140 K but changes the spin direction from 
parallel to the c-direction at high temperatures into the a-b 
plane at low temperatures. 

Figure 11 di splays the magneti c structures as found 
at 2 K, 120 K and 220 K. The existence of a Sm moment 
at 220 K must surpri se when compared to similar RMn2G~ 
compounds. We believe it to be real and induced by the 
strong molecular field of the Mn sites. 

Temperature 

1.5 K 

SOK 

120 K 

220K 

300K 

415K 

Mn 
Sm 

Mn 
Sm 

Mn 
Sm 

Mn 
Sm 

Mn 
Sm 

Mn 
Sm 

a-direction b-direction c-direction total 

++++ 2.1(1) -++- 1.7(2) 

++ 0.75(2) I 

++++ 1.8(1) -++- 1.5(2) 

++ 0.5(3) / 

-++- 0.8(2) ++- 1.5(2) 

moment 

2.7(2) 

0.75(2) 

2.3(2) 

0.5(3) 

1.7(2) 

-++- 1.4(2) ++++ 1.6(2) 2.1 (3) 

++ 0.45(3) 0.45(3) 

-++- 1.4(1) ++++ 1.3(1) 2.0(2) 

I ++ 0.13(2) 

Comparing these results with data ga th ered in a 
collaboration with the University of Zaragoza o n 
Nd l-x Tbx Mn2Ge2 compounds a further phase transition 
should take place in SmMn2Ge2 between RT and T N· In fact 
it was shown for compounds of the Nd 1_xTbxMn 2Ge2 

Fig. 11 : Magnetic structure of SmMn2Ge2 at 2 K, / 20 K and 220 K 
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system that have a si milar canted antiferromagnetic structure 
a t a bo u t RT th e fe r ro mag net ic co mp o ne nt a lways 
di sappeared at lower temperatures than T N· 

Spin-glass state in (Tb113La213)z13Ca113Mn03 

T he g iant mag ne to resis ta nce (GMR ) effec ts fo und 
recently in some of the A 1_xA ' xMn03 compounds (where A 
is a rare earth ion and A' is a di valent alkali) are at the origin 
of sudden increase of interest of the scientific community in 
these compounds (see as well the Blue Box). 

M ag neto res ista nce ra ti os ( MR (%) = 100 x (p (O)­
p (H ))/p (H )) gre ater th a n 107 in poly c rys tallin e 
A0 _7A ' o.3Mn03 hav e es pec ia ll y att rac ted resea rchers' 
attention. p(H) is the fi e ld-dependent e lectri c res isti vity. 
It seems that the larges t GMR ra tios appear around thi s 
compos ition and special effort is currently being devoted to 
th ese parti c ul a r co mpo und s. Hwa ng e t a l. [8 ] recent ly 
proposed uni versal behav iour of A0_7A '0_3Mn03 compounds. 
Th e so-ca ll ed to lera nce fac tor ( t = d A_o/( 2d Mn-o)) , 
a geometri ca l quantity invo lving the bond lengths d, is the 
important parameter to determine the magneti c and transport 
state of thi s kind of compounds. 

Until now, o nl y fe rro mag neti c behav iour has bee n 
reported in A0_7A ' 0_3Mn03 compounds bu t susceptibility 
and mag neti sation measurements strongly indi ca te spin­
glass (SG) behav iour fo r terbium ri ch (TbLa)213Cal/3Mn03 
compounds. With the help of the (TbxLa i-xh/3Ca 113 Mn03 
series the uni versa l phase diagra m was mapped out fro m 
t = 0.9 16 to t= 0.887. For x > 1/3 (t < 0 .906) the SG state 
sets in due to the competit ion between the fe rromag neti c 
d o ubl e -exc ha nge interac ti o n a nd a ntife rro mag ne ti c 
superexchange interaction, which prevents the occurrence of 
long range magnetic order. 

Neutron diffraction was the last proof needed to confirm 
the absence of long range magnetic order and the presence 
of a spin-glass state at low temperatures . In a collaboration 
with the Uni ve rs ity of Zaragoza (the above me nti oned 
mag neti c measurements were perfo rmed there) data were 
co ll ec te d o n DlB o n (Tb1 13 L a213 )213Ca 113 Mn0 3 [9 ] . 
F ig ure 12 s hows a pl ot o f sca tt e rin g inte ns ity ve rsus 
temperatu re in the 20 range from 2. 5° to 4 1 °. The first 
nu c lea r pea k a t 2 0 = 39 ° shows no ex t ra mag neti c 
contribution and no additional Bragg peaks appear as the 
temperature is lowered . This indicates the absence of long 
range mag neti c ordering. However, the low-angle diffu se 
magnetic scattering increases fro m 95 K downwards. Both 
features are hallmarks of the random freez ing of spins. 

In figure 13 is plotted the electronic and magnetic phase 
diagram of (TbxLa 1_x)213Ca 113Mn0 3 plotted as a function of t. 
At high temperatures all the compounds are paramagneti c 
in s ul a to rs ( PMI ). At low te mpe ra tu res th e re are two 
poss ibil ities. For x < 1/4 (t > 0.908) a ferromagnetic metallic 
state (FMM ) sets in . At and beyond x = 1/3 (t = 0.906) a 
spin-glass insul ator state (SGJ ) takes place. The corre lati on 
between magneti c and transport properti es is ev ident . If the 

58 

Fig. 12: Temperature and angle dependence of the intensity of the 
11ew ro11 scanering of(TbwLc1213Ji13Ca113Mn03 
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compound has long range magnetic order it will undergo a 
spontaneous insulator-metal transition at Tc- If a spin-g lass 
state emerges the compound will remain an insulator. 

3-D Magnetic Structure of ErF3 

Bin ary ra re -eart h fl uo ri des are k now n to und e rgo 
magne ti c phase transitions but due to thei r low orde ring 
tem peratures the ir magne ti c struc tures are often not yet 
known. These fl uorides are orthorhombic and crystal li se in 
space group Pnma with Z=4. Among them, the mag neti c 
structures of TbF3 (Tc = 3.96 K), HoF3 (Tc = 0.53 K) and 
DyF3 (Tc = 2.8 K) were already determined. A coll aboration 
with the Uni versity of Bern and the PSI [ 10] looked now at 
the magneti c structure of ErF3. Ne utron diffraction patterns 
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at low temperatures were recorded on the O 1 B spectrometer 
using a dilution cryostat. The magnetic ordering point was 
detem1ined to T N = 1.05 K. A diffraction pattern recorded at 
0 .25 K was used to determine the magnetic structure. It is 
characterised by the vector k = (0, 0, 0) and Pn ' m' a' has 
bee n found to be the correc t mag net ic s pace gro up. 
The magnetic moments of Er3+ lie within the a-c plane at an 
angle of 60° from the a-axis, almost parallel to the long Er-F 
di stance of 2.503 A as shown in figure 14. Within the a-c 
plane ErF3 behaves as a canted ferromagnet and therefore 
similar to TbF3 and HoF3. However, along the b-axis, the 
magnetic moment s of ErF3 a re antiferromagnetically 
coupled along the b-direc tion . ErF 3 is thu s an 
antiferromagnet whereas TbF3 and HoF3 are canted 
fe rromagnets. 

Fig. 14: Crystal strucrure of ErF3 at 0.25 K, the small cycles 
represenr the Er atoms. The orientation of the 111ag11 etic moments is 
indicated by arrows. 
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It is at first sight surpri sing to find such differences in the 

magne tic behav iour of the YF3 type flu orides which are 

quite similar from a chemical point of view. The interactions 

that lead to three dimensional magnetic order are very weak 

for these compounds as can be seen from the low ordering 

temperatures ; exchange interactions are of the same order of 

magnitude as mag neti c dipole interactions. The magnetic 

structure is the result of a complicated balance of forces 

which de pend on the crystal structure as well a on the 

magnetic moment of the rare earth ion and its anisotropy, 

and are thus sensitive even to minor changes. 

Three different theoretical curves of the spontaneous 

magnetisation M vs. T have been calculated: the mean field 

(MF) so lution, the two dimensional quadratic Ising lattice 

(2-0) using the solution of Onsager and a three dimensional 

simple cubic Ising lattice (3-0) using a Pade approximation 

(see figure 15). The 3-0 curve yields the best agreement 

with the data, suggesting that a three dimensional , spatiall y 

quite isotropic interaction is more like ly than a planar or 

chain interaction. 

Observation of two length scales in critical scattering 
in the Kondo compound CeAl2 

The cubic Laves phase compound CeA I2 is perhaps the 

best example of a Kondo latt ice and has been investigated 

quite intensive ly. The Kondo temperature T K = 5 K is of the 

order of the Neel temperature T N = 3.8 K and therefore there 

is a competition between the demagnet ising tendency of the 

Kondo effect (see blue box of College 4) and the moment­

stabili sing tendency of the RKKY interaction. 
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CeA12 orders at T N to an incommensurate phase with the 
wave vector k = (1/2-&, 1/2+&, 1/2). Jn this sine-wave 
modulated structure the amplitudes of the magnetic 
moments are modulated along[-&,&, OJ (& = 0.1 JO) which is 
perpendicular to the moment direction [111]. Recently two 
modulations corresponding to the wave vectors 
(1/2-& , 1/2+&, l/2) and (l/2-&,1/2+&,-1/2) have been 
observed. They are coupled together and present in a single­
domain CeAI2 single crystal which had been produced by 
the application of a magnetic field. 

This shows that the magnetic structure of CeA1 2 is 
actually a double-k spiral structure. The origin of such a 
complicated magnetic ordering in CeAI2 must be related to 
the competition of the Kondo effect and the RKKY 
interaction. It is to be noted that the other REAI2 (RE = rare­
earth element) compounds order ferromagnetically. 

Magnetic diffuse scattering above T N can give valuable 
information about the magnetic interaction as well as the 
critical experiment. We (T. Chattopadhyay, G. McIntyre) 
have therefore performed such an investigation on CeA1 2 

on D10. 

Fig. 16 shows the scans as function of temperature 
around the reciprocal point 3/2, 3/2, l/2 passing through the 
two satellite reflections 3/2-&, 3/2+&, 1/2 and 3/2+&, 3/2-&, 
l/2 (0=0.11). At T = 3.6 K two relatively strong satellite 
Bragg peaks are observed at the above-mentioned reciprocal 
posi tions. The sate llite Bragg peaks have been fitted by 
Gaussian functions. The half width at the half-maximum 
(HWHM) of the satellite reflections is 0.0037 reciprocal 
lattice units and is resolution limited. 

At T = 3.90 K broader diffuse scattering peaks are 
observed at about the same positions where magnetic Bragg 
reflections appear below T N· The diffuse scattering consists 
of two components: a broad component corresponding to a 
relatively hort correlation length and a narrow component 
corresponding to a much larger correlation length. The broad 
component has been fitted with a Lorentzian convoluted 
with the Gaussian resolution function . The narrow 
component has been fitted with a Gaussian but can as well 
be fitted by the square of a Lorentzian. 

The broad component observed above the ordering 
temperature is due to the spin correlations and gives the 
average short range ordered domain size. The temperature 
dependence of this correlation length which diverges at the 
ordering temperature gives the critical exponent. In our case 
the presence of the additional narrow component 
complicates the analysis of the critical phenomena. 

The existence of two length sca les has also been 
observed in other magnetic systems by x-ray and neutron 
scattering. The longer length scale (the narrow component) 
has been attributed to random strain fields localised at or 
near the sample surface. But the observed ratio of the 
intensities of the narrow and broad components does not 
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Fig. 16: Temperature variation of the integrated intensity of the 
312-8, 3/2+8, 1/2 satellite reflection. 

support such interpretation. We believe that the existence of 
the two length scales in diffuse scattering should be further 
investigated. 

Phase transitions in rare-earth manganites 

Rare-earth manganites , when doped with divalent ions 
on the rare-earth site, exhibit a variety of magnetic and 
structural transitions as a function of temperature, which in 
turn lead to large changes in conductivity. When a magnetic 
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field is applied to such a material the conductivity may be 
further enhanced to produce a giant magnetoresistance 
(GMR) effect. Compound such as La 1_/Sr/Ca)xMnO3 and 
Pr1_xSr/CaxMnO3 exhibit such effects, and are the subject of 
intense current investigation (See the blue box for further 
information). 

The parent compound , LaMnO3, PrMnO3 and CaMnO3 
are all antiferromagnetic insulators. Doping with divalent 
ions such as Sr, Ca or Ba, produces Mn3+ and Mn4+ ions 
which results in competition between the antiferromagnetic 
and the ferromagnetic exchange interactions, so far best 
described by the so-called double-exchange mechanism. 
This mechanism is now being severely tested by new results 
from Pr 1_xSr/CaxMnO3 which exhibits 'charge ordering', i.e. 
a regu lar arrangement of Mn3+ and Mn4+ in a I: I ratio for a 
limited range of x. In fact in Pr0_5Sr0.5MnO3, the transition 
to the charge-ordered state occurs at the ferromagnetic to 
antiferromagnetic transition. The doped La compounds also 
undergo a structural transformation from rhombohedral 
to orthorhombic symmetry as the temperature is lowered, 
with transition temperature being extremely sensitive to the 
value of x. This tran s ition recently generated a lot of 
excitement when it was demonstrated that it may al o be 
brought about by the application of a magnetic field at fixed 
temperature [II]. The magnetic-field-induced switching of 
the crystal structure is most effective when the structural 
tran sition temperature (T 5) is close to the ferromagnetic 
ordering temperature (Tc)-

A s occurred after the first observations of high­
temperature superconductivity in the perovskite cuprates, 
much of the early characterisation of these compounds and 
the mapping of their phase diagrams , is being done by 
powder diffraction , and ju tifiably so. However, for more 
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accurate investigation of particular compounds, and closer 
scru tiny of the magnetic structures, single-crystal studies 
should follow . The Warwick group was one of the first in 
Europe to grow s ingle crystal s of a number of the e 
compounds , and two of these, Pr0 _5Sr0 _5MnO 3 and 
Lao.s3Sro. 17MnO3, were investigated in experiments on DI 0 
with unpolarised neutron s and on D3 with polarised 
neutrons [ I 2). 

All crystals tried of each compound turned out to be 
made up of several crystallites, which may be due simply to 
the present methods of crystal growth, but which could also 
suggest symmetry-lowering phase tran itions between the 
growth temperature and room temperature. 

The room temperature structure of Pr0_5Sr0_5MnO 3 
proved to be monoclinic , very similar but obviou ly not 
identical to the orthorhombic structure reported earlier. The 
structure remains monoclinic through the ferromagnetic 
transition at Tc - 270 K, but a splitting of the reflections is 
observed at the anti ferromagnetic transition at T N - 140 K, 
suggesting simultaneous lowering of the nuclear symmetry 
at this transition . The brief search for evidence of the charge 
ordering at T N was inconclusive. 

Lao.s3Sro_17MnO3 was investigated in zero and applied 
magnetic fields to attempt to observe swi tching of the 
nuclear structure in a magnetic field , and by polarised­
neutron diffraction to map out the magnetisation density in 
the different structural phases. It turned out however that at 
thi s value of x, T5 (- 183 K, Fig. 17) is below Tc (- 283 K, 
Fig. 18), which precludes switching of the nuclear structure 
in a field . We have since learned that reducing x to just 
0.165 is sufficient to give Tc < T 5. Nevertheless the high­
temperatu re rhombohedral and the low -temperature 
orthorhombic structure at x = 0.170 could be investigated in 
detail. The symmetry lowering at T5 results in twinning of 
the structure with s ix domain orientations. Thi s does 
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complicate the analysis, particularly of the polarised-neutron 
data, alt hough some reflections do correspond to just one 
domain alone. 

It is clearly early days yet in the elucidation of the many 
. tructures and transitions in doped rare-earth manganites, but 
with the variety and power of the neutron techniques 
available they will not long remain obscure. 
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Giant magnetoresistance: structural ''tuning" 
of magnetism in AMnO3 manganese perovskites 

Paolo G. Radaelli 

Introduction 

Manganese perovskites with the general formula 
A1_xA'xMnO3 (A= La, Pr, Y ... ; A ' = Ca, Sr, Ba ... ) have 
been the subject of renewed interest, due to the giant 
magnetores istance (GMR) exhibited near the 
ferromagnetic (FM) pin ordering temperature TC· For 
the electronic hole doping concentration of x-0.30, the 
high-temperature paramagnetic state i a poor electrical 
conductor, whereas the low-temperature FM state is 
metallic (Fig. I). The critical temperature of the coupled 
magnetic and metal-insulator (M-1) transitions is raised 
upon application of an external magnetic field , thereby 
producing , at constant temperatures near Tc, large 
changes in the electrical resistivity, an effect known as 
magnetore is tance. For thi reason , manganese 
perovsk.ites are presently being evaluated as a possible 
alternative to magnetic multilayers for a new generation 
of magnetoresistive sensors . It has been shown that 
magnetore istive ratios up to I 1 orders of magnitude can 
be attained by adJusting the relative sizes (ionic radii) of 
the metal ions I, (see below) . Furthermore, it appears 
that the properties of these material improve when they 
are grown as thin films , probably due to ubstrate-film 
interaction 3,4 _ At present, however, these extreme 
values of the magnetoresistive ratios can only be reached 
at low temperatures (-30 K) , which are not ideal for 
most foreseen applications. The main goal of the applied 
research on these compounds is to improve their room­
te mperature magnetore s istances which, for bu lk 
material , are now typically of the order of 100% in a 
5 Tesla field. In a completely eparate area, mangane e 
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perov kites have also attracted attention as cathode 
materials for high-temperature olid oxide fuel cells, due 
to their high oxygen ionic conductivity 5. 

In addition to their exciting potential for indu trial 
application , mangane e perov kite are also of great 
intere t for fundamental re earch. Shortly after the 
di covery of the e compound ome forty year ago 6, 

the concept of double exchange wa developed to 
de cribe the es ential a pect of the magnetic interactions 
between the Mn ion , which, due to the divalent 
sub titution for La on the A site, are in a mixed-vaJence 
tate (+3/+4) 7. The double exchange theory con iders 

the interaction between itinerant electrons and the 
Jocali ed Mn moment, in the pre ence of strong on- ite 
Hund"s rule coupling, a the main contribution to the 
scattering of charge carriers in the paramagnetic state. 
More recently, however, it ha · been pointed out that this 
mechani m may not be ufficient to exflain the 
magnitude and the behavior of the re i tivity . For this 
rea on, an additional important a pect, fir t introduced 
by Goodenough 9 in the fifties, ha been reevaluated as a 
po ible key element for the phy ics of manganites: 
lattice distortions due to the different ionic size of Mn+3 

and Mn+4 in general, and Jahn-Teller (J-T) t1pe 
di tortion of the oxygen octahedra around Mn+ in 
particular 8. For instance, the cry tal structure of the 
parent compound LaMn03 5 can be interpreted in term 
of a J-T di tortion of the Mn+3o6 octahedra. The e 
developments, prompted both by experimental IO, I I and 
theoretical work 8 , have emphasised the interplay 
between crystal structure and physical properties, and 
assigned a p1imary role to cry tallographic techniques. 
A both long-range and short--range . tructural di to1iions 
appear to be pre ent in this system, both the average and 
the local structure need to be tudied in detail a a 
function of the thermodynamic and chemical parameter 
(temperature, pre ure, magnetic field, chemical 
substitution ). 

By studying the fundamental physic of the e 
materials, we hope to learn how their relevant propertie 
(Curie temperature and magnetoresistive ratio) can be 
improved so much that they become appealing for 
industrial applications. Jn this article, some recent 
diffraction experiments on mangane e perovskite will 
be described. Far from giving a comprehen ive picture of 
thi complex ystem, they nonethele s provide ome 
u eful "piece of the puzzle" toward a better 
under landing of the e compounds. 

Structure and Magneti m in Lao.sCao.5MnO3 

By varying the nominal Mn valence between Mn+3 

and Mn+4 with divalent substitutions on the perov kite A 
site, the low-temperature magnetic and tran port 
properties of mangane e perov kite can be changed 
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from FM insulator to FM metal to AFM in ulator 12•13 , 

a the relevant magnetic interaction changes between 
double exchange and uperexchange. A variety of 
magnetic structure , ome of which have already been 
studied in the past 9•14 , are di played. Lao_5Cao_5Mn03 
i a particularly interesting example, ince upon cooling, 
it first becomes FM (at T-225 K) and then AFM 
(at T-155 K) . The low-temperature AFM structure of 
thi compound, first tudied by Wollan and Koehler in 
I 955 14, can be de cribed by mean of two mangane 'e 
magnetic sublattices (nominally Mn+3 and Mn+4) having 
two different propagation vector . 

The tructural propertie of this compound were 
tudied by high-re olution x-ray ynchrotron and high­

re olution neutron powder diffraction, u ing the X7 A 
diffractometer at Brookhaven National Laboratory and 
the D28 diffractometer at ILL, respectively. It was 
determined that ignificant structural change occur 
in the region between the FM and AFM transitions IO_ 

In thi temperature range, a large anomaly of the lattice 
parameters (Figure 2) is a sociated with the onset of a 
strong Jahn-Teller distortion of the Mn06 octahedra. 

To tudy the low-temperature AFM structure of 
La0_5Ca0_5Mn03, D2B was employed in a new 
configuration, which yields in trumental FWHM 
of -0.2° in the angular range 0°~0$l00°. Coupled with 
the use of a rather long wavelength (2.4 A) thi option 
allows an excellent resolution to be attained in the 
angular range where magnetic Bragg reflections are 
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Fig. 2: lauice parameters and cell volume as a function 
of temperature for La05Ca05M110 3, measured on cooling, 
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beamline (Brookhaven National laboratory). Error bars are 
smaller than the symbols. Lines through the points are guides 
to the eye. The shaded area represents the width 
of the magnetisation hysteresis loop. 
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Fig. 3: Selective coherence length effects on the magnetic 
structure of La0_5Ca0_5MnO3. Portion of a full -pattern Rietveld 
refinement profile of neutron powder diffraction data obtained 
on D2B (A= 2.4 A) using a JO mm secondary collimator. 
The instrumental FWHM is -0.2°. Note how the magnetic 
Bragg reflections associated with the Mn+3 sublattice are much 
broader than either the nuclear reflections or the Mn+4 

magnetic reflections. 

stronger. A portion of the Rietveld plot for 
Lao_5Cao_5MnO3 at 1.5 K is shown in Fig. 3. It is clear 
from the figure that the magnetic Bragg peaks associated 
with the Mn+3 sublattice are much broader than either the 
nuclear peak or the Mn+4 magnetic peaks . Such a 
selective peak broadening can be modeled by assuming 
that the Mn+3 magnetic sublattice has a very short 
coherence length (-300 A), whereas the crystal structure 
and the Mn+4 magnetic sublattice are long-range ordered. 
The most peculiar aspect of this result is that the two 
intertwined magnetic sublattices appear to have different 
ordering lengthscales. This effect can be explained with 
the presence of domain walls (magnetic "twins") which 
break the coherence of the Mn+3 sublattice while leaving 
the Mn+4 sublattice unperturbed. 

The Role of the Ionic Radius 

Recently, it has been shown that a very complex 
phase diagram can be obtained at constant electronic 
doping (i .e. at constant Mn+3/Mn+4 ratio) , by simply 
varying the average ionic radius <rA> of the species on 
the A-site 1. This is accomplished by appropriate 
mixtures of "small" ions (Pr, Y, Ca) with "large" ions 
(La, Sr, Ba). As the perovskite structure distorts through 
several pace group symmetries, Tc displays a non­
monotonic behavior, being depressed both at small <r A> 
and, to a lesser extent, at very large <r A>- In general, low 
Tc are associated with high values of the resistive jump 
at the M-1 transition, and , as a consequence, of the 
magnetoresistance. This general trend can be understood 
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by con idering that the M-1 transition occurs between a 
generic " emiconducting" state (the resistivity of which 
increases exponentially with decreasing temperature) 
and a generic "metallic" state (which hows a linear 
resistivity decrease with decreasing temperature). Below 
a critical value of <rA>, the properties change from FM 
metal to canted FM insulator, the highest value of the 
magnetoresistive ratio being attained in the vicinity of 
thi pha e boundary 2 . 

Using D2B , the tructural phase diagram of 
A 0_7A ' 0.3MnO3 (A = La, Pr ; A ' = Ca, Sr, Ba) as a 
function of the average A-site ionic radiu <rA> was 
determined at a con tant value x = 0.3 of the electronic 
doping (Fig. 4 ). In particular, it was found that , in 
addition to the well-known orthorhombic and trigonal 
phases (with space group symmetries Pnma and R3c , 
respectively), a new orthorhombic structural allotype 
(with space group Imma) is present for large values ~f 
<rA> at low temperature, and tran form into the R3c 
phase with increasing temperature through a first-order 
transition 15. These phase can be derived from the ideal 
cubic perovskite through different tilt di tortion of the 
MnO6 octahedra (Fig. 5 p.158). Analy i of the internal 
structural parameters as a function of <r A> has revealed 
very interesting correlations with the phy ical propertie . 
The average Mn-O bond length <Mn-O>, the average 
Mn-O-Mn bond angle and the degree of octahedral 
distortion are shown in Fig. 6 (bottom, center and top 
panels, respectively). <Mn-O> has a minimum which 
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Fig. 4: Structural phase diagram of the Ao_7A '0_3MnO3 system 
(A = la, Pr; A' = Ca, Sr, Ba) as a function of <rA>- The three 
crystallographic phase regions are represented with different 
shadings and separated by thick lines. The Tc and M-1 
transition curves (from Ref [ I J) are shown as thin lines (note 
the maximum of Tc at <r A >=1. 244 ). Neutron diffraction data 
sets are shown as symbols (squares: Pnma; triangles: R3c, 
diamonds: lmma). 
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coincides with the maximum of the Curie temperature, 
indicating that Tc is very sensitive to subtle structural 
changes . The Mn-0-Mn bond angle increases 
monotonically, a factor that may further contribute to the 
general enhancement of Tc for large <r A> 1. For small 
<r A>, the loss of metallic behavior is associated with a 
measurable distortion of the Mn06 octahedra. In 
particular, a sample with composition Pro.7Cao.3Mn03, 
which never undergoes the M-1 transition, was found to 
display a strong distortion of the Mn06 octahedra, 
associated with a very complex canted magnetic 
structure 16- 18 . Temperature-dependent data on this 
compound, obtained using D2B and D1B, have shown 
that, upon cooling, this sample becomes first AFM 
at -150 K. At lower temperatures (-110 K) , an FM 
component is then added to its magnetic structure 
(see also DlB instrument report). 

Structural Anomalies at Tc 

Considerable attention has lately been devoted to the 
possible role of structural distortions in the charge carrier 
localisation process itself. By means of high-resolution 
synchrotron x-ray powder diffraction, it was determined 
that a significant lattice contraction (I!,. V /V "' 0.13 % ) 
occurs at Tc upon cooling 10. The large volume change 
at Tc is highly unusual and cannot be attributed simply 
to the development of FM spin order because lattice 
parameters for ferromagnetic 3d transition metals and 
their compounds at Tc change typically by 10-100 ppm. 
Neutron diffraction experiments are currently been 
performed at several sources around the world in order to 
determine which internal structural parameters are 
responsible for this effect. Preliminary results indicate 
that, in addition to a contraction of the average Mn-0 
distance due to the formation of metallic bonds, a 
significant reduction of the distortion of the Mn06 
octahedra occurs at Tc upon cooling 17-19. Furthermore, 
anomalies of the Debye-W aller factors at Tc suggest that 
the local structural distortions may also play a role in the 
charge localisation process 11•17. It has to be pointed out 
that these effect are rather subtle, and may require larger 
powder samples (in order to employ high-resolution 
configurations), or, even better, single crystals, to be 
properly examined. 

Conclusions 

In the last few months, there has been a surge of 
interest in manganese perovskites as promising materials 
for magnetoresistive sensors. We have learned that the 
physical properties of these materials can be "tuned" by 
adjusting electronic doping and cation sizes. Diffraction 
techniques, and powder diffraction in particular, have 
been at the leading edge of the research effort in this 
field . The future will see an even more extensive use of 
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these techniques, applied to the study of samples in 
special environments (high temperature, high pressure, 
applied magnetic field) , with the goal of obtaining a 
better understanding of the fundamental properties of 
these compounds. 
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The year I 995 witnessed the restart of the ILL reac tor 
and the resumption of norm al sc ientifi c act ivity in the 
colleges. More than 4 reactor cycles were devoted to users' 
experiments, and the subcommittee meetings gave ev idence 
o f to ug h co mpe titi o n among the submitted proposa ls . 
The result was the production of much good sc ience in I 995, 
as testifi ed by this annual report. 

Concerning Co ll ege 6. the renewed scientific 
participat ion after a relati vely long hiatus allowed a further 
clarification of the sc ientific scope of the college. which wi ll 
now include the fo llowing sections: 

6-0 I) Monatomic liquids and gases 
6-02) Molecular liquids and gases 

(inc luding aqueous solutions) 
6-03) Liquid alloys and molten salts 
6-04) Glass transi ti on (onl y) in polymeric g lasses 
6-05) Glasses and amorphous materials (non-polymeric) 
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All o th e r amorpho us polymer s tudi es not dealing 
spec ifica ll y with the g lass transiti on wi ll be covered by 
Co ll ege 9. Note that the College 6 categor ies make no 
distinction between structural (diffract io n) and dynamical 
(inelast ic) studies. In 1995, approximate ly 2/3 of the College 
6 proposa ls were for ine lastic spectrometers (for the most 
part instruments I 5, IN6, IN I 0 , I 11 and IN 16), and the 
remaining I /3 for diffractometers (mostl y 04, fo llowed by D 11 , 
D I 6 and D 17, the detector of 022 hav ing been under repair). 

Th e following sc ientific hi g hli g hts appear in no 
particular order. 

Scientific Highlights 
Structure of liqujd metals and semkonductors 

The e lec tronic properti es of poorly conducting liquids 
are still insufficiently understood. For example, the nature of 
the electronic states and the ir contribution to the electronic 
conductivity remains a highly controversia l subject. Recent 
stud ies of the e lectron ic properties of liquid semiconductors 
have revea led a ri c h variety of unu s ua l a nd often 
contradictory behav iour as the transition from a dominantl y 
e lec tro ni c to a dominantly io ni c co ntributi o n to th e 
conductivity takes plac e. This is equi va le nt in liquid 
semi co ndu c tor . ys te ms to a me ta l-in sul ato r tran s ition . 
Recentl y it has also been suggested that the mobi lity of the 
und er lyi ng ions may have a s ign i fica nt effec t o n the 
electronic contribution to the total conducti vity [I]. 

An important requirement in the study of these materi als 
is a knowledge of the structure of the liquids. A material of 
particul a r int e res t is l iquid Ag 2S e. Thi s s hows very 
a noma lous prope rti es immediate ly after me ltin g (most 
no tab ly, a nega ti ve te mpera ture coeffic ie nt fo r it s 
conducti vity) which may be re lated to the high s il ver ion 
mobility observed in the superionic phase. By using isotopic 
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Fig. 2: Pair-pair correlation functions for Ag2Se, 
calculated from the data of Fig. I through Fourier transform. 

substitution of both Ag and Se, an experiment to study the 
structure of this material to the partial structure factor level 
has been carried out at the D4 instrument by S. Lague and 
A.C. Barnes (U. Bristol), P. Salmon (U. East Anglia), and 
H. Fischer (ILL). Figures I and 2 show the partial structure 
factors obtained from the experiment and the corresponding 
partial g(r)'s. Although the diffraction data extended to 
16 k 1, we have presented only the lower-q data for clarity. 
The results show that the local coordination structure is very 
similar to that of the superionic (solid) phase. The results 
also show good agreement with recent Ab Initio Molecular 
Dynamics calculations [2] and conventional molecular 
dynamics calculations using ionic potentials [3]. 

Dynamics of the strong glassformer B203 

IN6 spectra of the strong glassformer B2O3, obtained by 
L. Borjesson, D. Engberg and L. Torell (CIT Goteborg), 
U. Buchenau and A. Wischnewski (KFA-IFF), A. Sokolov 
(MPI Mainz) and A.J. Dianoux (ILL), reveal a surprising 
feature at temperatures well above the glass tran ition 
temperature T g = 523 K. At low temperatures, the Bose- and 
Debye-Waller scaled spectra in Fig. 3 behave as in many 
other glass formers: a well-pronounced boson peak at a few 
me V which gets covered by a quasielastic contribution as 
the temperature is rai sed above T g· Further heating , 
however, reduces the quasielastic contribution and reveals 
again a boson peak, in good agreement with recent light 
scattering data of Torell et al. 

The results clearly show the existence of a crossover 
temperature Tc for the glas -forming liquid, above which the 
fast dynamics becomes nearly temperature independent. 
Such behaviour is one of the essential predictions of the 
mode coupling theory, but has not been directly observed for 
the more fragile glassformers investigated so far, due to the 
fact that the lower a-re laxation merges with the fast 
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Fig. 4: The q dependence of the boson peak signal (2 to 3 meV) 
in 820 3 compared to that expected from the Debye model 
for sound waves. 

dynamics above Tc. Therefore, only such a strong glass 
former as B20 3, having an extremely slow a-relaxation, can 
show this behaviour so clearly. However, by adopting this 
interpretation, one is forced to conclude that the cro sover 
temperature is above the melting point (Tm = 725 K) in this 
substance. 

The nature of the motion responsible for the so-called 
boson peak, typical of glasses and disordered materia ls, is 
presently a 'hot topic ' . In 8 20 3, there is a fair chance of 
unravelling the eigenvectors of the motion from the q 
dependence of the spectra . Thi is shown in Fig. 4, which 
compares the q dependence of the signal at the bo on peak 
(2 to 3 me V) to the one at a higher frequency and to the 
expectation of the Debye model for sound waves. The latter 
is calculated from the elastic intensity and known data for 
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sound velocities and the den it y at that temperature. 
The measurements corroborate earlier measurements of 
Hannon et al. They show that at the boson peak, one still 
sees the signature of the sound wave contribution , which 
then disappears at higher frequencies. Thus, the comparison 
with the Debye expectation supports an interpretation of the 
bo on peak as a crossover in the dynamics from sound wave 
to a different kind of vibration, possibly localised. 

Structure of cyclohexane in confined geometries 

Liquids in confined geometry show markedly different 
properties from liquids in the bulk phase and there is a 
growi ng interest in the study of phase transitions for the 
systems. Previous investigations by the University of Kent at 
Canterbury group (J.C. Dore, J .B .W. Webber, et al.) have 
shown that cyclohexane in porous silicas exhibit a very 
large change in nucleation temperature (-35 °C) and 
significant structural modification in the plastic crystal 
phase. It wa decided that studies could be usefully extended 
by making SANS measurements using H/0 ubstitution 
methods and investigating the equi libration process by 
adding the liquid to the top of the powered dry silica sample 
and allowing it to diffuse. The results were surprising and 
have revealed an interesting new phenomenon. 

As the vapour enters the lower porous particles and 
begins to condense, there is a distinct development of an 
orange coloration in transmitted light suggesting 
the presence of critical fluctuations in the metastable fluid. 
This feature also corresponds to enhanced SANS intensity 
for O-cyclohexane but not for H-cyclohexane. The first 

100000 Critical scattering in 500.A. Si02 

l(Q) 

50000 

0.01 0.02 
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Fig. 5: Critical scattering of C6D 12 in 500 A porous Si02. 

Adding C6D 12 to the dry silica (lower trace) increases the 
scattering markedly at low q, even in advance of the liquid front. 
The middle trace is after I 0 min. the upper one after 15 min. 
The liquid front takes some hours to reach this part of the sample, 
and hence has not yet entered the neutron beam. 

69 

observation wa s made for 60 A pores on D 17 ( with 
H. Fischer and R. Cubitt of the ILL) and then confirmed in a 
test run for 500 A pores on DI I (with L. Vuillard of the 
ILL). The DI I results are shown in Fig. 5, where the C6Di2 
liquid front had not yet reached the neutron beam, although 
the vapour pha e had. The corresponding results for C6H 12 
at p ~ 0, by contrast, are almost identical to the profile for 
the dry silica, showing that the enhanced SANS intensity is 
indeed intrinsic to the cyc lohexane. It is unclear why the 
critical phase i formed in the pores. The orange colour is 
strongest after everal hours (when the C6D12 vapour has 
diffused throughout most of the sample container volume 
and partially condensed in the silica pores) and fades over 
a period of several days. It is completely reproducible. 

Inelastic light and neutron scattering 
of an amorphous polymer 

The inelastic neutron scattering (INS) of poly(methyl 
methacrylate) (PMMA) was measured from a temperature 
T = 10 K up to 470 K above Tg (= 395 K) by E. Duval and 
A. Mermet (U. Claude Bernard, Yilleurbanne) , J.-F. Jal 
and J . Dupuy-Philon (U. Lyon), and A.J . Dianoux (ILL). 
At temperature lower than T g the density of tates (DOS), 
g(ro) , deduced from INS can be separated into two parts: 
one, temperature independent, resulting from harmonic 
vibrations and including the boson peak, referred to as 
HOOS; and the other, temperature dependent, due to 
anharmonic or relaxational motions and centred around the 
elastic peak, called ROOS . As the RDOS is negligible at low 
temperature ( < 50 K), the RDOS at higher temeperature is 
obtained by subtracting the HOOS at low temperature from 
the high temperature DOS. 

The intensity of Raman scattering l(ro) is: 

r (ro) = C (ro) g (ro)[n (ro) + I] 
(0 

where hro/27t is the energy tran sfer , C(ro) the light 
vibration coupling coefficient, g(ro) the DOS and n(ro) the 
Bose factor. l (ro) i the sum of Ih(ro) from harmonic 
vibrations and l3 h(ro) from anharmonic or relaxational 
motions. In Fig. 6, Ih(ro)/[(n(ro)+l)ro)] divided by HDOS/ro2 

gives C(ro), plotted log-log. The slope of the straight line is 
l.3. This impbes that, from the above equation, C(ro)-001.3_ 

It should be noted that there is a "swelling" at the position 
of the boson peak. 

In Fig. 7, RDOS/ro2 is compared with lah(ro)/[(n(ro)+l)ro]. 
Both curves are very similar, which implies that the light 
vibration coupling coefficient for the relaxational motions is 
frequency independent. 

We mu st emphasi se that ROOS or Iah(ro) do not 
correspond to quasi-elastic scattering due to diffusion . More 
information can and will be obtained from neutron data, 
s uch as the mean square displacement , quasielastic 
scattering, etc. 
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Fig. 7: RDOS/uJ and l0 im)/f(n(m)+ l )m]for PMMA at 360 K. 
The similarity of the two curves suggests that the light vibration 
coupling coefficient for the relaxational motio11s is frequency 
independent. 

Structure of Molten Salts 

Simple binary molten alt have been extensively studied 
both experimenta ll y and through computer simulation in 
recent years. More recently there has been renewed interest 
in the tudy of molten salt mixture .. Thi has arisen from 
fundamental questions concerning the nature of the 
interactions in these liquids and also from commercial 
interests : for examp le, aF-AIF3 mixtures used in 
aluminium melting. 

ZnCl2 and the alkali halides show markedly different 
structu re in the molten phase. Studies of the pure materials 
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have hown that in ZnCl2. the zi nc is 4-fold coordinated to 
the chlorine, and there is a tendency to form a covalent-like 
network (4]. On the other hand , sodium chloride. for 
example, retains the essentially 6-fold coordination of the 
rocksalt structure. Earlier studies of alkali halide ( aC I or 
KCl)/ z inc chloride mixtures have shown that the 
characteri tic tetrahedral coordination of Zn is little affected 
by adding the alkali halide. Surprisingly, it even appears to 
enhance it. It is only when the concentration of the alkali 
halide reaches 80 % that the loca l zinc coordination is 
significantly disrupted. 

It has been postu lated that a larger alka li io n (for 
example Rb or Cs) cou ld have a greater effect in disrupting 
the zinc chloride tructure [5]. An experiment to test this 
hypothesi ha been carried out at the D4 instrument by 
M. Durell and A. Howe ( . Leicester) and H. Fischer (ILL) 
by mea uring the total tructure factor of ZnCl 2/CsC I 
mixtures at various concentrations. The tota l structure 
factors for the four concentration are shown in Fig. 
The characteristic intermediate-range order peak (indicative 
of long-lived ZnCl4 tetrahed ra) in ZnCl2 is clearly observed 
at I A- 1. On addi ng CsC I it is observed that th is peak 
become narrower and higher indicating a strengthening of 
the intermediate range order. Thi is very imi Jar to the 
behaviour observed in the KCI/ZnCl 2 mixture , which 
sugge ts that the size of the alkali ion has no bearing on the 
stability of the Zn-CI coordination in these mixture . . 

Gia s transition phenomenon under pressure: 
Dynamical structure factor of the compressed fragile 
liquid orthoterphenyl 

Although the structural gla tran ition is a long-. tanding 
problem, our under tanding of the phenomenon is till very 
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incomplete. The particular dynamical features associated 

with the glassy state cannot be expressed in the framework 
of critica l phenomena near second order transitions. 

A new approach to the g lass transition probl em was 

initiated when mode coupling theory (MCT) for the first 

time provided an approximation scheme which allows the 

evo lu tion of time co rre lations to be ca lc ul ated from a 

microscopic equation of motion. It is based on the existence 

of a subtl e singularity caus ing anomalies on microscopic 

length scales and mesoscopic time sca les. Inelastic neutron 

scattering (INS) is the most advanced experimental tool for 

explor ing the space time reg ion relevant for the theory. 

In the simplest case, correlations in a viscous liquid are 

found to decay in two steps, which are identified as a- and 

~-relaxation and desc ribed by a set of scaling laws. 

Up to now. temperature alone was used as a parameter to 

d1ive the glass transition in I S experiments, where indeed a 

two- s tep relaxation process was observed. The fast 

rel axa tion processes are found to fo llow the scaling law 

predictions of the MCT ~-process. 

As density and its fluctuations are the central quantities 

of MCT. the most direct way of testing the theory consists 

of using press ure as a contro l parameter. It is , the refore, 

of particular interest to determine whether the evolution of 

~- relaxation dynamics with va ryi ng temperature and 

va rying pressure fo llow a sim ilar pattern, and whether the 

MCT can be app li ed to both cases. The aim is to answer the 

fo llowing question: Is density the dominant parameter for 

the liquid-to-glass transition dynamics or do thermal effects 

also play an important ro le? 

Recentl y, several reasearch groups (C. Alba-Simionesco 

of LLB, A. Tolle and H. Schober of ILL). have undertaken 

INS measurements on compressed fragile glass formers. 

For our investigation s we chose the molecular liquid 

orthoterphenyl (OTP) for several reasons: 

• OTP is a fragile glass and consists of rigid molecules 

which are weakly linked by non-directional van der Waals 

interactions. 

• OTP is easy to handle since the melting temperature 

Tm and the glas transi tion temperature T g are not to far 

from ambient temperatures. 

• OTP has been ex tensive ly studied in the literature 

by many spectroscopic methods: in pa11icular, we have 

already performed a huge variety of I S experiments 

on the temperature dependence of the incoherent 

and coherent dynamical structure factors. 
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Fig. 9: Representative isothermal SS-spectra at differe/11 pressures. 
Lines are fits wirh a KWW funclion (stretched exponenrial) 
having its exponent fixed to 0.65. 

• OTP shows the highest observed dT gf dP (25 K/kbar) 

for molecular liquids, so that we can hope to observe drastic 

effects with relatively small pressure changes. 

Our experiments were performed on the time-of-flight 

(TOF) spectrometer IN6 and on the backscattering (BS) 

spectrometer I LO. Standard ILL neutron scattering high 

pressure ce ll s have been used to obta in pressures up to 

300 MPa (3 kbar) at temperatures around 320 K. 

On the backscattering instrument we obtain microscopic 

information on the s lowi ng down of the structural 

a -relaxation. Figure 9 shows representative isothermal 

(330 K) spectra at q= 1. 1 A· 1. As expected, the quasielastic 

broadening increases when the pressure is released. 

For a first est imation of a-process re laxat ion times , 

the spectra were fitted by a Kohlrausch law hav ing a fixed 

stretching parameter derived from previous investigations at 

atmospheric pressure. The re laxation times obtained in this 

way, when compared with isothermal viscosity data, seem to 

sca le with viscos ity as they do in isobaric experimen ts 

(at atmospheric pressure). Hence, the a-re laxation process 

is controlled by temperature and pressure in the same way 

as viscosity. 

Experimental te sts of MCT are best perfomed in the 

cross-over region between the a- and ~-processes, which i 

accessible by neutron TOF scattering . 

In this range, se lf correlations of tagged particles as 

obseverd by incoherent scattering are predicted by MCT to 

obey a scaling law. A Fourier transform of thi s implies a 

factorisation of the scattering law in a pure ly q-dependent 

and a frequency-dependent term : 

S(q,w)=h(q)*G(w). 
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This property is found to be valid for our TOF data as 
shown in Fig. 10. Becau e G(co) is treated as an unknown, 
we impose an abitrary normalisation h(q=l A- 1) = l. 
The rescaled spectra are then compared as functions of 
co and q for one representative pressure of 1200 bar, but this 
factorisation is found to be true for all pressures measured in 
our experiments. Although this is a prerequisite for any 
mode coupling analysis, it by no means excludes other 
interpretations of the data. 

Since the dynamical range of one instrument is not 
nearly sufficient for a complete MCT analysis, we have only 
been able to compare variable temperature and variable 
pressure measurements. For this purpose we have to use the 
dynamical susceptibility. 

In Fig. 11 we show caled susceptibilities at q=i.8 A- 1 at 
atmospheric pressure (lines) for temperatures of 290, 293, 
306 and 3 l 2 K, a well as at 316 K (symbols) for pressures 
of 300, 600 , 900 and 1200 bar. As can be seen, 
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Cl) 0.15 

oq • 0.8 A- 1 ..§. 

~ 
■ q-1.oA- 1 

0.1 
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Fig. JO: Test of factorisation hypothesis (see text). Data are from 
IN6 at 324 Kand 1200 bar. Seven spectra are shown for the q 
values indicated, each spectrum being rescaled by a factor h(q). 
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Fig. 11 : Scaled ( onto the value at "' 4 meV) isobaric and isothermal 
suceptibilities at q = 1.8 k 1. 
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the dynamical susceptibility at 290 K, 0 bar coincides with 
that at 316 K, 1200 bar. The densities, 1.085 g/cm3 and 
1.124 g/cm3 respectively, are quite different. Therefore, the 
susceptibility can be quite similar for different densities . In 
other words, the same density does not necessarily lead to 
the same dynamical response (e.g. the densi ty at 316 K, 
300 bar is 1.08 L g/cm3, which is approximately the same as 
that at 290 K, 0 bar, mentioned above). 

Thi comparison of variable temperature and variable 
pressure measurements indicates that density cannot be the 
only relevant parameter for the liquid-glass transition 
dynamics. The effect of temperature is more than just 
changing the density via thermal expansion and has its own 
direct effect on the relaxation dynamics . These findings are 
in agreement with recent light- cattering results . Further 
investigations are required to quantify our results. 

Structure of 113Cd2+ surface complexes on hydrous 
ferric oxide by anomalous neutron scattering 

The mobility , biodisponibility and toxicity of cadmium 
in the environment are largely controlled by chemical 
reactions which take place at the olid particles/water 
interface. A thorough understanding of surface assisted 
chemical reactions is needed to assess and predict more 
effectively its behaviour in natural systems. Among natural 
particles, hydrous Fe oxide (HFO) has long been recognized 
as playing an important role in controlling the fate of trace 
metals , including cadmium. This role is mainly due to its 
high natural abundance, structural disorder, and small 
particle size of typically 30 A. Such a nanocrystalline, near 
amorphous tructure makes HFO an ideal sample for study 
at the D4 diffractometer for fluids and glasses. 

The sorption mechani sm of Cd on HFO partic les has 
been investigated by so lution chemi try , EXAFS 
spectroscopy, wide-angle (W AXS) and anomalous wide­
angle X-ray scattering (A WAXS), and anomalous 113Cd 
neutron scattering. Solution chemistry experiments indicate 
that cadmium i a poorly hydrolysable cation and doe not 
form multinuclear surface complexes on mineral surfaces. 
This unique property makes cadmium a particularly well-
uited structural probe, as it allows the identification of the 

nature of urface sites to which heteroatoms bond, together 
with their binding mechanism [6]. Due to the small ize of 
HFO particles, a much as 10 weight % Cd may be sorbed 
before reaching the monolayer surface coverage. Two Fe 
coordination shell are detected by EXAFS at 3.25 A and 
3.5 A. No Cd-Cd interaction is detected, in agreement with 
solution chemistry, i.e. the ab ence of Cd polymers. Based 
on Cd-Fe di tances, Cd-centered Cd(O,OH)6 octahedra are 
a sumed to hare edge_(s) and double corner(s) with 
Fe-centered Fe(O,OH )6 octahedra at the surface of the 
particles (Fig. 12). 

EXAFS analysis of di sordered sys tems can, in some 
cases, yield results which exclude the full di stribution of 
interatomic distances. This possible loss of neighbours may 
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Corner-sharing surface site 

Edge-sharing surface site 

Fig. 12: Structural model for the sorption mechanism 
of Cd 011 hydrous ferric oxide ( H FO ). 

lead to the inaccurate determination of coordination numbers 
and, hence, to errors in the quantification of the relative 
density of urface sites. X-ray and neutron scattering 
experiment are less sen itive to disorder effects than 
EXAFS, and provide a better estimate of the number of 
Fe atom around cadmium. Chemical electivity may be 
achieved by anomalous scattering experiments. The X-ray 
scattering amplitude of Cd atoms in the vicinity of the K 
absorption edge (2671 I e V) is expres ed in a complex form 
as b=bo+b ' +ib", where bo is the nonresonant coherent 
scattering amplitude, b' is the real and b" the imaginary 
resonant increment. Since b ' and b" vary with the X-ray 
energy, the local order around Cd can be accessed by tuning 
the wavelength in the vicinity of the scattering resonance 
(the X-ray experiment having been performed at LURE, 
Orsay, with B. Souchet-Fabre). A comparison of structure 
factors S(q ) for Cd-HFO (approximate stoichiometry: 

Cdo.014Feo.14Oo.423D0.423) at 22000 eV and 26704 eY 
is given in Fig. 13 . The difference between the two 
curve (about 3% or 4%) is weak. Analyses are in progress 
to obtain the differential scattering cross-section 
and then the differential pair correlation function 
t.GcciCr) = a*t.Gcdo(r) + b*t.GcdFe(r), where Gcdcd=0 due 
to the lack of Cd polymerisation . 

Chemical selectivity may al o be achieved with neutrons 
by u ing 11 3Cd as it presents a strong neutron resonance 
sca ttering at a wavelength of 0.68 . Figure 14 shows 
reduced ne utron diffrac tion data for a sa mple of 
113Cdo.o 14Feo.1400.423D0.423 at wavelengths of 0.60 A and 
0.82 A. The experiment was performed by A. Manceau and 
L. Spadini (UJF) with H. Fischer and P. Palleau (ILL) at the 
D4 instrument. These two wavelengths were chosen so as to 
give the maximum change in coherent scattering length for 
11 3Cd while having roughly the sa me absorption (b"). 
The difference between these two curves (roughly 20%) is 
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Fig. 14: Neutron diffraction data for 113Cd0_014Fe0_14O0.423D0.42J 

at two different wavelengths. 

more marked than that for the X-ray data. Thi s neutron 
scattering contrast is also independent of q since neutron 
scattering length are (nearly) constant in q. The ab ence of 
an atomic form factor for neutrons represents a noticeable 
advantage since in X-ray experiments the cattering contrast 
is greater than = 7% only for q> I 0 - I and the damping of 
o cillations at high q results in a drastic decrease in the 
signal-to-noise ratio. Both the X-ray and neutron data were 
taken up to q values of about 20 k 1, but only the lower-q 
re ults are shown here, in the interest of clarity. Differential 
structure factors obtained with neutrons and X-rays will be 
ultimately compared and the n imul ated for diffe rent 
tructural models. 
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Measurements of the 4He roton lifetime using neutron 
backscattering 

A direc t measurement of the roton line width in -+He 11 at 

the roton minimum as a function of temperature below 1.1 K 
has bee n poss ibl e usin g neutron bac ksca tt erin g with 

a measured inelasti c resolution of l .0µe V . The temperature­
dependence of the roton lifetime can be understood in terms 

of the 4-quas iparti c le decay process first introduced by 

Landau and Khalatnikov [7] and refined by Bedell , Pines 
and Z aw adows ki ( BPZ) [ 8] . Th e ro ton exc ited by th e 

neutron decays by combining with a thermall y exc ited roton 
and then decay ing into two other qu as i -parti c les. Both 

theori es predict a deviation from the near pure exponential 
temperature dependence of th e line width ju st bel ow 
T ,._ (2 . 17 K ) to a more rapid dec rease below T -= l .3 K. 
Th e rot on wave-vec tor at th e ro to n minimum i s 

QR = 1.925 -1. At Q =QR the roton energy is around 

hwR = 8.6 10 K = 74 1.9 µeY . Up to now. the only technique 
that has been used for resolving the anticipated line widths 
below T -= 1.2 K has been the neutron spin-echo (NSE) 

techniqu e f9J . Recent deve lopm ent s o n th e neutron 
backscattering spectrometer I I 0 [ I 0, I I] (confi gurati on 

IN 108), all ow a direc t measurement of the roton peak . 

INI0B accesses the roton minimum region of (Q,w) space 

by using a aF( l II ) - Si ( l l l ) monochromator-analy er 
crys tal combinati on ori ented in backscattering; such an 

experiment was carri ed out by J.C. Cook, K.H . Andersen 
and J. Bossy of the ILL. Energy transfer scans through the 

roton peak were performed by varying the temperature of the 

monochro mator . Because of th e need to measure in a 

restricted Q-range around QR, it was necessary to improve 

the default Q- resolution of IN I 0. Thi s w as done by 

restricting the scattering angles fa t the anal yser to the rings 

(s imilar to Debye-Scherrer rings for a polycrys tal) in the 
ran ge 123 ° </< 128 °, res ultin g in a Q-acceptance 

Q=QR ± DQ where DQ:a: 0.02 A- 1. M easurements of the line 
shape w ere performed at 4 temperatures (880± I 0 mK . 

970±10 mK, 1040±10 mK and 1100±10 mK). By assuming 

that the di spersion in the roton region is described by the 
usual parabolic expression 

where µR i the effecti ve roton mass. the measured peaks 

were fitted to the fo llow ing expression. 

where th e integra l has to be ca lcul ated numeri ca ll y. 

In equation (2), r0 i s the roton peak half-width at QR, Zo 
i s an intensity sca ling fac tor and we have as. umed that 

the quasi -particle weight and half-w idth Z(Q) and I'(Q) are 
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ind epend ent o f Q ove r th e meas ured Q-reg i on . 

Th e reso luti on width 2 r res was obtained from a fit of 

equati on (2) to the lowes t temperature data (T=0 .88 K ). 

Equation (2) gives excellent agreement with the measured 

line shapes. Fig. 15 shows the bes t- fit ro ton half-widths, 

rR( T) , which are in very good agreement both with the 

theory of Bedell et al and with the NSE measurements of 

Mezei . It is clear also from the magnitude of the error bars 

th at th e present measurement co nstitutes a signifi cant 

improvement over the NSE results. Further measurements 

using IN I 08 are planned at even higher Q-resolution and 

over an extended temperature range. 

Structure of glasses using the second order difference 
method of isotopic substitution 

Glassy materials containing sil ver often show unusual 

properti es. An important and fundamental ques ti on that 

ari ses when trying to understand these properties concerns 

the way in w hich the sil ver enters the glass stru cture, 

especially as sil ver often serves as a mobile ionic species. 

From measurements of the total structure factor it is not 

po ible to determine the coordination environment of the 

sil ver ions. Partial structure fac tor are much more useful 

and , accordin g l y . a D4 ex perim ent has been done by 

P.S. Salmon, S. Xin (U. East Anglia) and H. Fi cher (ILL) to 

measure the sil ver-silver parti al structure factor, and related 

difference functi ons, for the glassy fas t- ion conducti on 

compound A gPS3. Sil ver is a convenient element for making 

thi s seco nd ord er difference ex perim ent ow ing to th e 

relati ve ly large scattering length contrast of the 107 Ag and 
109 Ag isotopes. The first order difference function obtained 
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from two of the three measured total stru cture factor. 

( ie. for 107 AgPS 3, 109 AgPS3 and atAg PS 3). and which 

comp ri . es onl y si l ver ion corre lations, i s illustrated in 

Fig. 16 as t.A0 (q) = 107S(q) - 109S(q). with the corresponding 
"' 

Fourier transform G(r) shown in Fig. 17. There is evident ly a 

clear con trast between the measured scattering patterns used 

for thi s first order difference and, at present. the full data sets 

are being carefull y analysed to determine the second order 

difference and the prec i se nature in which Ag ent ers 

the glass structure. 
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Generalised vibrational density of states and dynamic 
structure factor of the (bulk) metallic glass 

Zr65Cu 17_5 i10A17.s 

The generalised vibrational density of states (GVDO 

and the dynamic st ructure factor of the metallic g lass 

Zr65Cu 17_5 i 10A17_5, which belongs to one of the very few 

alloy ystems within which bulk metallic gla ses can be 

produ ced. were determin ed. For thi s inv es tig ation. 

performed at 294 K with a melt-spun sample, we used the 

thermal-neutron TOF spectrometer KARTOFFEL of th e 

In titut fUr Nuklea.re Festkorperphysik (FZK), situated at the 

reactor Siloe of the CE -G. as we ll as the co ld-neutron 

time-focusing spectrometer I 6 at the ILL; the experimental 

team included J.-8 . Suck (then at ILL). H.J . GUntherodt 

(U. Basel ) and H. Schober (ILL). The incident energy from 

the thermal-neutron beam wa E0 = 17.4 me V , and that from 

the cold guide 4.76 meV. where we used the highest energy 

accessible on IN6 in order to achieve the best possibl e 

averaging in reciproc al space of th e predominantl y 

coherently scattered intensity from this sample. The energy 

resolution of these inve. ti gati ons with thermal and co ld 

neutrons was 0.7 meV and 0.125 meV (at E0 ) respecti ve ly. 

The GVDOS of Zr65Cu 17_5 i 10A l7_5 (not shown here) 

co n. i st s es enti all y of one ve ry broad band with a 

pronounced max imum at 22.6 meV , and it extends out to 

very high energies of Wmax "' 60 me V . compared with the 

GVDOS of the metallic glass Zr5➔Cu46 which ends already 

at W111 ax "' 36 meV . The GVDOS increases at the lowest 

re . olvab le energies (> 0.8 meV on I 6. > 1.8 meV on 

KARTOFFEL) with an (I)-exponent of 1.5 (in tead of 2) due 

to the very large amount of low energy modes (LEM) 
found in the spectra of thi s glass, which even exceeds the 

amount of LEM found in the GVDOS and the dynamic 

tructure fac tor of Zr5➔Cu ➔6 . Th e th ermal -neutron data 

(KARTOFFEL) are shown in Fi g. 18. norm ali zed to the 

vanadium calibration run so that S(q=oo) = I. 

These low energy mode . which can be studied in more 

detail in the total dynamic structure factor. how surpri. in,;ly 

little dependence on momentum transfer, even though the 

Q-region of the very pronounced first peak (occuring near 

5 1 degrees) of the sta tic stru cture facto r i s completely 

covered by the experiment performed wi th thermal neutrons. 

Thi i in strong contrast to the observations made with other 

metalli c glasses, where the intensi ty of the LEM as a 

function of momentum transfer normally mimics the general 

~hape o f th e stati c structure factor. Thi s l ac k of Q ­

dependence can be understood if one assumes that a large 

part of the vibrational modes (especia lly of the LEM) in this 

metallic glas. is localised . It is interesting to note that in thi s 
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Fig. 18: Series of 37 cuts through the dynamic structure factor 
of the metallic glass Zr65Cu 17_5Niuy\l7_5at constant scattering 
angle 0 in steps of 2 degrees for 23 :,; 0 ::; 99 degrees, measured 
with thermal neutrons (£0 = 17.4 meV)for-63:,; hw:s; 12 meV. 
The vertical scale has been enhanced to emphasize the inelastic 
part of S(Q,w), the peaks of the elastically scartered neutrons 
being therefore off-scale in this plot. The Q-range corresponding 
to the scattering angles spans the static structure factor up 
to the second maximum of S(Q) at 0 """ 91 degrees 
(the first pronounced peak of the static strucwre factor occurs 
at Q = 2.57 k 1, near 51 degrees). This figure clearly demonstrates 
that the low energy part of the spectrum does not show 
the variation with 0 that is usual for other metallic glasses, 
suggesting that a large part of the low energy modes in this glass 
are localised. 

metallic gla , which forms nearly a easily as nonmetallic 

glasses and much more easily than other metallic glasses, 

the tendency for mode localisation seems to be as 

pronounced as for nonmetallic gla se . 

Secretary : Henry Fischer 
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Study of the Johari-Goldstein P-relaxation regime 
in a glass-forming polymer 

A. Arbe1, U. Bucheneau1, L. Willner1, D. Richter1, 
B. Farago2, J. Colmenero3 

It i well known that in gla -forming liquid , in 
addition to the primary ex-relaxation, a secondary 
relaxation proces , the so-called Johari-Goldstein 
P-relaxation, alway appears at low temperatures. 
Although both relaxational proce es have been tudied 
exhau tively by relaxational methods, their molecular 
nature is sti ll unknown . For further progress, a 
combination of conventional relaxation techniques with 
quasiela tic neutron scattering methods, which provide 
spatial information, is necessary. 

By combining neutron spin-echo (NSE) and dielectric 
spectroscopy, we have investigated the molecular 
dynamics of 1-4 polybutadiene in the cx-P relaxation 
regime. NSE measurements (ILL) were performed over a 
large momentum transfer (Q) range, reaching even the 
econd maximum of the static structure factor S(Q) 

(Q=2.7 A-1). An initial analysis of the dynamic structure 
factor S(Q,t)/S(Q) in term of Kohlrau eh-William -
Watts (KWW) function 

s (Q,t) ( t ) ~ ] 
S(Q) oc exp - 'tKWW 

showed that, while at the first peak of S(Q) 
the relaxation times follow the temperature dependence 
of the viscosity, near the second peak they follow 
the Arrhenius law corresponding to the dielectric 
P-relaxation, 

't = 'to ( EA ) exp~T 
KWW KWW 11.. 

where EA=0.41 eV (see Fig. 1). This result indicates 
that the proces dominating the dynamics in the fir t 
maximum of S(Q), reflecting interchain correlations, i 
the ex-relaxation (proce related to the viscous flow), 
whereas at the econd maximum of S(Q), which is 
dominated by intrachain correlations, the P-relaxation 
play the most important role. 

At low temperature (T ~ 210 K) , the ex-relaxation 
becomes o slow that it virtually cannot be detected in 
the NSE-window. In thi temperature region the NSE 
data are dominated by the P-relaxation - a locali ed 
relaxational process. The imple t elemental motion one 
can imagine for such a relaxation i a jump between two 
equivalent ite separated by a distance d. The atom 
jumps with a characteristic time 't , whose temperature 
dependence will be given by an Arrhenius law , 
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't = -r0exp(E/kT), where E i the potential barrier of thi 
elemental process. For this kind of hopping process, 
the incoherent scattering function read 

Shop (Qt)= I i [1 - in(Qd +1 [1 - in(Qd exp(- :t)= 
me ' 2 Qd 2 Qd • 

I - AhoP (Q,d) +fl<>P (Q,d,-r, I) 

Let us a sume that the atoms perform their jump 
independently of each other or that the distance between 
correlated jumps is much larger than the jump di tance d. 
Then we can approximate the inelastic part of the 
coherent scattering function by the incoherent inelastic 
part. The interference terms from the average atom 
distribution remain, giving rise to the presence of S(Q) in 
the coherent cattering function. The normalised 
coherent cattering function can then be written as 

Shop (Q,t) Ahop (Q,d) fh0P (Q,d,-r,t) 
S(Q) = I - S(Q) + S(Q) 

From dielectric measurements of the P-relaxation 
performed on the same polymer, we have determined 
the distribution function of the potential barriers of the 
elemental processes involved in this relaxation, g(E). 
NSE data were fitted by assuming the same distribution 
of barrier height as observed by dielectric spectroscopy. 
We found a very good agreement between this model 
and the experimental data for all Q values and 
temperatures investigated for a jump distance of 1.5 A. 
We also obtained the following urpri ing and not yet 
understood re ult: the time cale of the relaxation of the 
density fluctuations , a measured by neutrons, and the 
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Fig. I : Temperature dependence of the characteristic times 
'fti.w at Q = 1.48 k 1 ( • ) and Q = 2.71 k 1 (o). Dashed dotted 
line corresponds to the Vogel Flucher-like temperature 
dependence of the viscosity and the solid line to the 
Arrhenius-like temperature dependence of the {3-relaxation. 
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Fig. 2: Amplitude F(Q) of the relative quasielastic comribution 
of the {3-process to the coherent scattering fw1ction obtained 
from the hopping model as a function of Q (dashed line). 
11te swtic struct!lre factor S(Q) at 160 K is shown 
for comparison ( solid line). 

time cale of the relaxation of the electric dipoles, as 
determined from dielectric pectro copy, differ by 
approximately two orders of magnitude. 

Figure 2 show the Q-dependence of the relative 
inelastic contribution F(Q) of the P-relaxation to the 
dynamic tructure factor as deduced from the hopping 
model: 

F(Q)= -- g(E) Ahop (Q,d) dE J [ 00 

S(Q) o 

This contribution is large in the neighbourhood of the 
minimum and the econd maximum of S(Q), and quite 
small close to the fir t maximum of S(Q). Thi behaviour 
qualitatively clarifie the experimental re ult hown in 
Fig. I. In the neighbourhood of the fir t peak of S(Q), 
where interchain correlations dominate the dynamics, the 
a-relaxation play the most important role, whereas at 
the econd peak, the intrachain maximum, the dynamics 
are mainly due to the local P-relaxation. 

1 KFA Jillich 
2 TLL 

3 U. Paf Vasco 
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Liquid-glass transition under high pressure 

C. Alba-Simionesco, CPMA, Universite Paris Sud, 
Orsay 

At normal pressure the liquid-to-glas transition has 
been widely studied as a function of temperature. Several 
technique exploring relaxation time from the 
pico econd to the calorimetric tructural arre t around 
I 000 sec at Tg have been combined, allowing 
considerable progre to be made in the description of 
the freez ing proce se. down to Tg indicated by 
discont inuities of the thermodynamic su ceptibi li ties 
(expansion coefficient a, compres ibi lity Xt, heat 
capacity Cp). Considering an empirical thermodynamic 
approach, with an extrapolated pha e transition below 
Tg, or a dynamical approach a introduced by the Mode 
Coupling Theory (MCT), with a Tc well above Tg, a 
better under tanding of the decoupled temperature and 
density effects on realistic molecular liquid is required. 
Bearing in mind the properties of the supercooled liquid 
at atmospheric pressure, the thermodynamic, structural 
and dynamical properties are now investigated in the 
overcompre sed regime under high pres ure along 
i obaric, i othermal and i ochoric path down to the 
gla sy state. The den ity rather than the temperature 
become the single driving parameter of the 
phenomenon. 

The liquid chosen in the pre ent report i m-toluidine 
classified as «fragile»<!) by Angell. For fragile liquid 
the vi co ity ha a trong non-Arrhenius behaviour. This 
system, an aromatic ring plus two sub tituted groups, -
CH and NH 2 in the meta po ition, offer many 
advantage : the upercooled regime i ea ily acce sible 
by ·everal technique (Tgs: 186 K); it i a rigid molecular 
liquid for which cry talJisation can be controlled and 
avoided, while at the ame time it is pos ible to 
encounter interesting metastable crystalline phases. 
Detai led relaxational proce ses can be examfoed, ince a 
non-negligib le dipolar moment exis ts and weak 
hydrogen bond develop, which tabili e and reveal the 
effect on local order while the fragile character of this 
y tern remain clo e to a van der Waal type of liquid 

such a toluene. La t but not the lea t, it is possible to 
compare with Monte-Carlo imulation using a potential 
due to Jorgen en<2)_ 

Pressure and temperature limits of the supercooled 
and overcompressed liquid: the Pg definition 

On a macro copic time cale when the phenomenon 
i extended in the P-T phase diagram, ome boundarie 
a well as thermodynamic properties (volume V) mu t be 
known. Apart from the melting line, other characteri tic 
line are required, uch as the i ochronic gla s tran ition 
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a V of m-toluidine in the liquid, glass and crystal states 
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!he resu/Jsfor liquid, glass and for crys1a/, respectively. 

6000 

line. A a rule , Tg(P) or Pg(T) i taken at a mean 
relaxation time of 1000 sec, provided by adiabatic or 
i othermal ca lorimetry. The jump of the product a.V 
between the metastable liquid and the gla s at constant 
temperature defines the calorimetric PgC3>, a shown in 
Fig. I. From our experiment we deri c a liquid-gla s 
lran ition line of Tg with P to be dTg/dP = 4.5° per kbar 
in th is pres. ure range. The knowledge of this phase 
boundary, at a given relaxation time (here 1000 sec), is 
necessary for further investigation on density and 
temperature dependence of all relaxational processe 
en ountered in the supercooled regime. 

tructural changes accompanying gla s formation 
under pres ure 

Ela tic neutron scattering experiment on a 
deuterated ample were performed for the fict time in 
the supercooled and overcompres ed m-toluidine through 
glass transition. The measurement <4) carried out on the 
spectrometer 7C2 at LLB, were performed up to 5 kbar 
with an incoherently cattering cell made of TiZr. The 
liquid tructure factor SM(Q) i proportional to the total 
coherent ela tic part of the djfferential cattering cro s­
section. For a molecular liquid, it may be plit into the 
product of a molecular form factor f 1 (Q) and a function 
DM(Q) containing all the intermolecular contribution . 
The intermolecular pair correlation function G1(r) is 
related to the Fourier tran form of DM(Q) . Thi 
composite function is a linear combination of partial 
atomic radial rustribution function g,(r) weighted by the 
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atomic coherent cattering length . Simulalion of m­
toluidine have been performed in the canonical en emble 
( ,V, T) at different temperature and den itie . 

Fig. 2 and Fig. 3 give the den ity and temperature 
dependence of the experimental structure factor in the 
liquid, metastable liquid and gla y state. The increa e in 
den, ity i characteri ed by a di placement of the main 
peak po ition (1.8 -I) to larger Q values and a decrea e 
in inten ity of a boulder around 1.3 -J. When cooling 
the sy tern at onstant den ity, Fig. 3, the width of the 
main peak decrea e , the po ition of thi peak remaining 
con tant. 
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Fig. 4: Experimental gl(r) and simulated partial radial 
distribution functions of liquid m-toluidine at atmospheric 
pressure and room temperature. 
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From the experimental structure factors we derived 
radial distribution functions g1(r), see Fig. 4, and find a 
good agreement between the experimental and the 
simulated radial distribution function g1(r). This allows 
us to attribute the origin of the shoulders at 2 A and 3 A 
in the experimental g1(r) to the partial gN-H(r) and gN-N(r) 
obtained from simulations related to the hydrogen bond 
(N-H .. . N) . On the one hand, the local order at constant 
density (at different temperatures and pres ure ) is 
defined through these partial radial di tribution 
functions. We observe that the packing of the molecules 
is essentially unchanged while local ordering of the 
molecules is changing due to variations in the hydrogen 
bonding. At constant temperature on the other hand (at 
different pres ure and densities), the density dependence 
on the packing is illustrated by the displacement of the 
position of the first peak in the methyl-methyl and the 
center-center radial distribution function . It is clear that 
the local tructure and the way such an order can or 
cannot extend is a key to understanding the transition. 
However, careful ystematic exploration along i ochoric 
lines in several temperature domains is required to derive 
the corresponding partial correlation functions 
before any conclusions concerning the role of molecular 
reorientation in addition to the translational displacement 
can be drawn. 

Inelastic neutron scattering of m-toJuidine 
as a function of pressure 

From the above analysis, averaged positions are 
deduced but the liquid structure is dynamic: the 
environment about each molecule or group of molecules 
is therefore time-dependent and controls the rates of 
diffusion and reorientation. This can be studied by 
inelastic neutron scattering as measured using time-of­
flight and backscattering methods. The first step was to 
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build a new kind of high pre sure cell suitable for 
inelastic neutron scattering experiments made from 
Niobium. Comparing the results with those obtained in 
an aluminium cell at atmospheric pressure, we have 
concluded that the new cell is satisfactory because of the 
weak elastic intensity provided by the material (Nb) and 
the weak multiple scattering contribution at low 
frequencies due to the conception of the cell. The re ults 
of everal measurements of the incoherent dynamical 
structure factor at different pres ure along an isotherm 
(f =277 K) well above the calorimetric glass transition 
temperature and at different temperatures along an i obar 
at P=2 kbar are now available. A series of spectra 
measured on IN6 (with A= 5.1 A) is shown in Fig. 5 for 
different pre sure at Q=l.92 A- 1. At P=3 kbar, the 
quasielastic part of the intensity di appears within the 
resolution of IN6 (wherea the calorimetric glass 
transition Pg is around 20 kbar), the remaining part of the 
spectra being referred to the phonon-like contribution. 
The disappearance of the quasielastic part of the intensity 
can be related to a 2 step relaxation process. At lower 
densities, i.e. lower pressures, a broadening of the central 
quasielastic line is observed. The greatest change of this 
contribution is concentrated between 2 and 3 kbar, which 
corresponds to a density increa e of only l % ! 
The disappearance of this extra intensity is a crucial 
point for the de cription of the fast processes in the glass 
formation and must be systematically explored as a 
function of the density. Such exploration concerns two 
major questions about the origin of the «Boson peak» 
around 2-3 meV: the extension of the MCT and the 
coupling of vibrational to relaxational contribution (S)_ 

100 

row data alter standard 
corrections and density 
normal ization 

200 300 
Channels 

m-toluid ine 
• -1 at q = 1.9 

resolution (vonodium 
-- P • 3K borT • 277K 
-- P-2Kbor T • 276K 
•··· -·· P otmo,p/,er,c; T • 277K 

400 

Fig. 5: Isothermal T.O.F. spectra of m-toluidine at T = 277 K 
as a function of pressure. 
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In a first approximation , the T-P dependence of 
a 2-step relaxation process from isothermal and isobaric 
experiments would be 15°/kbar, higher than the slope 
of the liquid glass transition line. Of course different 
isochoric lines in a T-P diagram are not expected to be 
parallel and the lowest must be the calorimetric one at 
very long relaxation times. 

To explore this, we used the better resolution of IN 10 
and performed elastic scans at several pressures as a 
function of temperature and also elastic scans at constant 
temperature, as a function of pressure. Scans of the 
former kind are plotted in Fig. 6: almost no temperature 
dependence of the elastic intensity is observed in the 
glassy regime at high pressure but an important decrea e 
starts around 250 K , well above Tg (at 3 kbar 
Tg = 202 K). Note that the slope decreases as 
P increases. 

The experiments under high pressure constitute a new 
approach to glass transition allowing the distinction to be 
made between temperature and density effects. With 
future experiments in the extended T-P space we will 
check whether the experimentally observable phenomena 
stay the same and whether the liquid state theories 
remain valid. This is questionable since the competition 
with crystalline phases increases considerably at high 
temperature and high pressure. However, in view of the 
large number of experiments required for the T-P 
exploration, we must select certain ranges and carry out 
comparisons for a given system and between one system 
and another, given that a density temperature-relaxation 
time normalisation is not yet available. 
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Fig. 6: Elastic scans at constant pressure of m-toluidine 
as a f unction of temperature. 
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During the last few years, many people have 
contributed significantly at various levels to the work 
presented here and therefore deserve mention: 
M.C. Bellissent-Funel, G. Coddens , A.J . Dianoux, 
B. Frick, H. Fujimori, V. Krakoviack, M.F. Lauthie, 
D. Morineau, R. Pellenq with the technical assistance of 
F. Milliou, J. Jaffre, R. Millet and N. Ratovelomanana. 
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This is the first report of College 7, a college which was 
created following a redistribution of topics between College 
6, 9a and 9b. College 7 deals with the subjects Material 
science, Surfaces and Spectroscopy . The majority of 
proposals came from spectroscopy side. 

Material science 
Ordered Vacancies in Ni3Sb 

The origin of the anomalously high Ni diffusivity in the 
high-temperature DO3 phase of Ni3Sb has been a mystery 
since its discovery in the late sixties . A se t of 
complementary measurements using different neutron 
scattering techniques has allowed us to eliminate several 
possible explanations: QNS measurements on INl0 have 
shown that the diffusion mechanism is far from exotic, 
whereas phonon measurements [1] have demonstrated that 
' phonon enhancement' cannot be the only explanation 
either. A series of diffraction measurements carried out 
recently on D 1B has demonstrated [2] that fast diffusion in 
Ni3Sb is due rather to a high amount of vacancies in the Ni 
sublattices. In fact, when one compares the powder 
diffraction pattern of Ni 1_xSbx alloys (0.26<x<0.29) to that 
of an ideal DO3 structure, it turns out that a whole class of 
superlattice peaks is much less intense than expected. 
Rietveld refinement has shown that this effect is due to the 
appearance of ordered vacancies: The Sb excess in Ni1_xSbx 
alloys is compensated by the creation of vacancies in the two 
Ni sublattices, a and y, the a sites being favoured (see 
Fig. I). The vacancy concentration on the different sites is 
practically independent of temperature . As the 
stoichiometric composition is approached, the vacant sites 
are continuously filled; at the composition Nh4Sb26 there 
are no more vacancies on the y sites, which also determines 
the Limit of phase stability, Of course, these high vacancy 
concentrations favour fast diffusion, as the diffusing atoms 
always find an empty neighbouring site to jump onto. 
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Occupation of the alpha sites 
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Fig. 1: Occupation of the a sites of Ni3Sb as a function 
of temperature and alloy composition. 
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Fig. 2: The active sites of the zeolites are formed by bridging 
hydroxyl groups. Three possibilities are depicted. 

Surfaces 
Interaction of water with hydroxyl groups in ZSM-5 

(c) 

Zeolites in the proton form are extensively used in acid 
catalysis. The active sites are formed by the bridging 
hydroxyl groups (Bronsted sites) as depicted in Fig. 2a. 
A question much debated at the moment is whether 
the Bronsted acidity of these solids is high enough 
to protonate molecules, as in super acids. 

There is conflicting evidence on the formation of 
hydronium ions (H 30+) in several zeolites, after water 
adsorption. It is also difficult to choose between structures 
(b) or (c) in Fig. 2. 

Ab initio calculations performed on small clusters are 
not, at present, entirely unambiguous. 

Inelastic neutron scattering (INS) has been used to follow 
water adsorption in the H-ZSM-5 zeolite [3]. The INS 
spectrum of the dehydrated zeolite is shown in Fig . 3a 
between 80 and 2000 cm- 1 (10-250 meV) . The most 
prominent peaks correspond to the in-plane and out-of-plane 
bending modes of the Bronsted OH groups, as in related 
systems [4]. After water adsorption (about 1 molecule per 
acidic site), the spectrum shown in Fig. 3b was obtained. 
Because the 2 spectra were recorded under the same 
experimental conditions, a difference spectrum, shown in 
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Fig. 3: INS spectra of a) dehydrated zeolite, b) after water adsorption, c) the difference spectrum between a) and b ), and d) 
the simulation of the H3o+ ion bond spectrum bonded to the zeolite. 

Fig. 3c can be calculated. This spectrum contains 2 negative 
bands (*}, at the position of the OH bending modes, proving 
the interaction of water with the Bronsted sites. The positive 
bands can be better simulated with an H3o+ ion bonded to 
the zeolite (Fig. 3d) than with an H-bonded H20 molecule. 
Thi s experimental result contradicts the recent quantum 
mechanical calculations. 

INS of para-nitroaniline chains in AlPO4-S 
molecular sieve 

Zeolite-like molecular sieves are nanoporous oxidic 
crystals , e .g. aluminosilicates, aluminophosphates, or 
silicates, that can recognise and discriminate among 
molecules. Increasingly, molecular sieve crystals serve as 
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hosts, organising organic and inorganic guest atoms, 

molecules, and supramolecular compounds in their pores, 

which results in composite materials with novel optic, 

optoelectronic, and electrochemical properties [5]. 

In addition to its function as a dispersing and stabilising 
medium, a molecular sieve crystal can incorporate guest 

molecules in a geometry that is related to its pore structure 
(self-assembly of semiconductor quantum dots or wires , 

in-situ synthesising of polymer chains ... ). It has recently 

been found that AIP04 -5 crystals loaded with para ­

nitroaniline (pNA) exhibit second harmonic generation. 

The occurrence of nonlinear optical effects of second order 

proves that, in addition to the alignment of the molecules, 
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the adsorbed molecules must have a preferred direction 
in the pore , at least for regions longer than the wavelength 
of the light (Fig. 4). 

The orientation of pNA in large single crystals of 
AIPO4 -5 has been checked by vibrational optic 
spectroscopy. The presence or absence of certain modes 
indi cated that the molecules were aligned as in Fig. 4. 
This good alignment of the di polar pN A molecules is a 
result of the restricted space in the pores and of both the 
electrostatic forces and intermolecular H-bonds in the dipole 
chain. However, only some bands are visible in the optical 
spectra: the Raman bands are superimposed by a strong 
background and the adsorption of the host lattice in infrared 
makes the detection of guest bands impossible in certain 
spectra l regions. 

The inelastic neutron scattering (INS) spectrum of pNA 
adsorbed in AIPO4-5 has been measured on IN! BeF 
between 10 and 250 meY (Fig. 5) [3] . All the observed 
peaks are due to pNA, the scattering from AIPO4-5 being 
negligible. The total amount of sample was only 2g, 
including 0.3g of pNA, and the spectrum was obtained in 
12 h. The spectrum of pNA in the solid phase was also 
recorded within the ame running time (see Fig . 5). 
The statistics are much better than in the adsorbed phase 
because 2 g of p A were used . A comparison of the 2 
s pectra shows ubstantial changes below 100 meY. 
Assignments for the adsorbed molecule are not complete and 
a normal coordinate analysis is required to understand the 
modifications of the intra and intermolecular interactions 
induced by adsorption. 

Fig. 4: Para-nitroaniline (pNA) in AIPO4-5 
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Fig. 5: INS spectra of pNA adsorbed in AIPO4-5 and of bulk pNA 

Spectroscopy 
Temperature Dependence of the Vibrational Density 
of Statesof DecagonaJ Al70 Co 15 i1s 

The temperature dependence of the generali ed 
vibrational density of states (GVDOS) of a decagonal alloy 
(and of crystalline variants) was determined for the first time 
us ing the cold neutron time-focu s ing time -of-flig ht 
spectrometer IN6 [6]. The highe t incident energy 
(4.76 meY) accessible on this instrument was chosen in 
order to achieve the best possible averaging in reciprocal 
space of the intensity coherently scattered from this sample. 

After annealing the sample for several hours at 11 OOK 
and then quenching it in liquid N2 in order to freeze-in the 
high temperature decagonal pha e, the sample was measured 
at 294, 473 , 1100 , 970, 870, 670 and 294 K. At all 
temperatures the GVDOS consists es entially of two broad 
bands and extends to surprisingly high energies of Wmax 2: 60 
meY (for pure Al , the lightest of the 3 elements, Wmax 2: 42 
meY ) (see Fig . 6). The first band between O and 
approximately 40 meY ha a sharp maximum at 22.5 meV 
(at 294 K) , which shifts to slight ly lower energies with 
increasing temperature. It is the dominant band already at 
room temperature. The very broad second band , starting 



COLLEGE 7 

approximately just below 30 meV, has a strong overl ap with 
the fir st band. Thu s thi s second one appears more as a 
shoulder at the upper slope of the fi rst band . On heating one 
observes a strong intensity transfer from the upper to the 
lower band , which therefore dominates even more strongly 
the shape of the frequency distribution. At the same time this 
band shi fts slightly to lower energ ies . Thus a considerable 
softening of the vibrations is observed. As the increase of 
int e ns it y in th e lowe r ba nd is, within a reaso na bl e 
approx im at ion, linea r with te mpera ture, the obse rved 
soft enin g is not ass umed to be caused by e ithe r ph ase 
changes or by simple anharmonicity. Instead thi s intensity 
tra nsfe r is more like ly to be rela ted to an anisotropic 
expansion of the two-dimensional lattice, suggesting that the 
expansion within the quas iperi odic plane is different from 
that along the peri odic (c)-axi s. 

Most of the observed facts are strongly supported by a 
model calculation of the vibrati onal properti es of decagonal ­
AICoNi using the modified Burkov model (Mihalkovic and 
Henley) with a priori pair potenti als and the rea l-space 
recursion method up to 40 recurs ion levels. On the basis of 
these model calculations, the lower band is dominated by the 
vibrations of the TM-atoms. This band appears to be on top 
of a very broad band due to Al-atom vibrations, the upper 
pa rt of whi c h fo rm s th e upper ba nd of th e o bserved 
GV DOS. As obse rved in the experiment, these A l-atom 
vibrati ons a lso ex te nd o ut to 60 me Y in th e mode l 
ca lcul ati on, supporting the co nc lu sio n draw n fro m the 
experiment that qui te short atomic distances must be present 
in thi s decagonal phase and that the stron g interac ti o n 
potenti als leading to the observed high frequency Al-atom 
vibrations are due to the many Al-TM nearest neighbours. 

0.05 

0.04 

> (I) 
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Fig. 6: Experimental DOS of the sample /A l7rf/i 15Co 15] 
ar room temperature (th ick line) and at I JOO K (th in line). 
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Dynamics of the NH"2 anion in potassium amide KNH2 

Th ree phases of potass ium a mide a re know n fro m 
diffract ion experiments: monoclinic (T :5: 326 K, space group 
P2 ,Im), tetragonal (326 K :5: T :5: 348 K, P4/nmm) and cubic 
(T ~ 348 K, Fm3m, NaCl structure) as depicted in Fig. 7. 
The amide anion Nff2 has a geometry similar to that of the 
water molecule: N-H distance 1.04 A, bonding angle I 05°. 

The amide anions NH2 are orientationally ordered in the 
monoclinic phase and orientationally di sordered in the other 
two phases: in the tetragonal phase there are 4 equi vale nt 
equilibrium positions for the two H atoms and in the cubic 
phase even 8. On INS, we have investigated the dynamics 
of the amide ani on in a ll three phases in a temperature 
ra nge 265 K :5: T :5: 4 15 K w ith di ffe re nt reso luti o ns 
0,0 = 3 A, s A, 6.s A) [7J . 

Fig. 7: The !hree phases of potassium amidefi·om lop to bo11om: 
monoclinic, tetragonal and cubic. 
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Fig. 8 shows a typical spectrum in the monoclinic phase 
at 320 K. It shows a significant broadening of the elastic 
line. A single Lorentzian is sufficient to fit the quasielastic 
part of the spectrum. Both the elastic and quasielastic 
intensities can be explained by a two site jump model with a 
jump distance p = 1.47 (1) A. 

Fig. 9 shows observed and calculated structure factors; 
the parameters of the fit are listed in Tab. I. The value for 
t agrees with the H-H distance within the NH2 group (1.6 A) 
and shows that the quasielastic scattering in the monoclinic 
phase is due to 180° reorientational jumps around 
the twofold symmetry axis of the amide anion. These 180° 
reorientations have a large activation energy EA= 208 ± 9 meV 

0. 10 ....,....,....,-,-T""T-,-r-r-r-,....,....,....,-,-..-,-,-r-,-......--r-r..,....,-,--r-r, 

0.08 

0 0.06 

V) 
........ 
..§_ 0.04 
V) 

0.02 

0 .00 

o data 
-fit 

--- quasielastic part 

...... background 

-2.0 -1.5 -1 .0 -0.5 

i'.\E(meV) 
0.0 

Fig. 8: Spectrum in the monoclinic phase of KNH2, 

0.5 

320 K ( Ao = 5A). It is well described by the sum of an elastic line, 
a quasielastic part (Lorentzian, FWHM = 428 µeV) 
and a linear background. 
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Fig. 9: EISF, quasielastic structure factor AJ(Q) (FWHM = 41" 1) 

and total intensity in the monoclinic phase of KNH2 at 320 K. 
The parameters ( see Tab. I) are obtained by a simultaneous fit 
of the spectra with the model of 180° reorientations. 
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as determined from an Arrhenius plot of the mean residence 
times (Fig . 10). Below T = 265 K the quasielastic 
broadening could no longer be resolved further. 

The dynamics of the amide anion accelerates by more 
than one order of magnitude in the tetragonal phase 
(see Fig . I 0) but almost no changes are observed at 
the phase transition tetragonal-cubic . In both phases 
the quasielastic distribution may be described by the sum 
of two Lorentzians with widths differing by a factor of 2. 
The temperature dependence is weak in the cubic phase 
(EA < 40 meV). The EISFs in these two phases do not show 
significant differences either. So the conclusion is that the 
dynamical process is the same in the tetragonal and cubic 
phases: 90° jumps about the (twofold) amide symmetry axis. 
The observed structure factors for the cubic phase (T = 360 K) 

Reorientations about twofold axis 
p ( ) l.47(1) 
FWHM(µeV) 428(16) 

320 K t (s) 3.87(15).10· 11 

(u2)H (A2) 0.080(5) 

Reorientations about fourfold axis 
2p (A) t.90(2) 
FWHM (meV) 2.25(4) 

360K t (s) l.83(3).10·12 

(u2)H (A2) 0.093(2) 

Table 1: Model parameters obtained from the fit. 
For the monoclinic phase (320K) the jump distance p, 
the quasielastic broadening (or mean residence time t ) and mean 
square displacement <u2>H of the H atoms are determined . 
For the cubic phase (360K) the corresponding values for 180° 
reorientations are shown, the 90° jumps are twice as fast 
for a jump distance of ✓2p . 
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Fig. 11: EISF, quasielastic structure factors Ai(Q) (FWHM-r: -1 ), 

Ai(Q) ( FWHM 21:- 1) and total intensity in the cubic phase 
of KHN2 at 360 K. The parameters (see Tab. I ) are obtained 
by a simultaneous fit of the spectra with the model 
of reorientations about a fourfold a.xis. 

are shown in Fig. 11 and compared to the strucutre factors 
ca lcul a ted on basis of th e 90° jump model. For th e 
parameters of the fit , see Tab. I. The increase of the jump 
di stance is in agreement with diffraction results . For the 
tetragonal phase a jump distance of 2 p = l.76 A with a 
mean . quare displacement <u2> H = 0.089 A was observed. 
Both these value s lie be twee n those obtained for the 
monoclinic and cubic phase, respectively. 

Neutron scattering studies of linear chains 
in an organic inclusion compound 

The nitroxide C9H 16 0 2 (tano) forms channel inclusion 
compound with a large range of linear chains or slightly 
branched molecules. All of them prese nt di so rder 
phenomena of the guest specie in the channe l of the 
structure, but also of the host matrix molecules from one 
chi ral form to the other. The evolution of thi s disorder as a 
function of the temperature i accompanied by one or two 
pha e tran itions above 100 K, depending on the length of 
the included chain [8] . The first transition i trongly of first 
order. Its temperature depends on the number, n, of the 
carbon of the chai n. Upon hea tin g from the low­
temperature pha e, a s trong hy steres is of 50-80 K is 
observed . It is accompa ni ed by th e appearance of 
superstructure Bragg peaks indicating a 3D ordering of the 
alkane guest species (Fig. 12). The matrix parameter along 
the direction of the channels becomes commensurate with 
the chain length . Together with the ordering of the alkane in 
the channel , a reorganization of the tano matrix occurs, 
resulting in less disorder. 
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Because of the presence on the matrix molecule of a 
nitroxide group, a precise study of the molecular dynamics 
in these systems is very difficult by NMR. On the contrary, 
the neutron scattering technique is able to provide reliable 
information. Therefore the dynamical disorder of these 
sys tems was extens ively inve ti gated by Incohere nt 
Quasielastic Neutron Scattering (IQNS) [9-1 1] . The motion 
of the chains and of the tano molecules for the tano/heptane, 
tano/oc tan e, tano/ 1-bromohexadecane and tano/ 1-
bromodecane system were s tudi ed in their low , 
intermediate and high-temperature phases. The experiments 
were carried out on polycrystalline samples using several 
neutron spectrometers (IN6, IN 16, D7) with a temperature 
ranging from 103 K to 300 K. An analysis of the results in 
terms of the general model proposed in the earlier IQNS 
study of the tano/alcane compounds with short included 
chains pointed out original features associated to the chain 
length [II]. The s tudi es with longe r included chain 
in particular evidenced a direct influence of the chain length 

(h2I) T = 320 K 

(hll) ~ ~ ~ 

(hOI) 

(h-1I) .... 
(h2I) ~ T• 100K 
~ fll,(7 fli3 ~ a.. 

(hll) .,, .;;a . .-.. d 

~ ~l\~Q II t?-~ Cl•• 

(hOI) 

(h-1I) 

Fig. 12: Neutron diagram of tano!octane obtained 
with the spectrometer D7 at the Jnstitut Laue-Langevin. 
At T = 320 K the intermediate diffuse planes have disappeared. 
Superstructure Bragg peaks are clearly visible at T = JOO K. 
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on the motions of the molecules of the matrix , only a part of 
which appeared mobile. Simultaneously, the values of the 
correlation time for the motions of the methyl groups were 
found to be slightly smaller than with the tano/heptane and 
the tano/octane system . Actually. in the interpretation of the 
earlier IQ S experiments, all the CH 3 group were 
con idered as dynamically equivalent. The number of 
"fixed" methyl group increases slightly with the length of 
the included chain and another analysis of the earlier data for 
tano/heptane and tano/octane would perhap yield a small 
portion of immobile methyl groups and, s ub equently. 
a smaller value of the correlation time for the mobile part. 
The activation energies for the methyl jump deduced from 
the present experiments (6H = 12.6 kJ .mor 1. for tano/BrC 16 

and 6H = 13.9 KJ.mor 1. for tano/BrC 10) are consistent with 
the earlier val ue (6H = 12 KJ.moi- 1) and support the 
attribution of the inela s tic band s near 34 meY to 
the torsional excitations of the methyl group , with a barrier 
height of 13 kJ.mor 1. A very extensive inelastic neutron 
cattering study of a erie of systems with various guest 

chains, together with Raman light scattering experiments on 
the sa me compounds, provided information about the 
conformational behaviour of the included chains [ 12] . 

In recent years it has been demonstrated that calculations 
ba ed on empirical energy functions could be very useful for 
investigating the physical properties of molecules. Such 
calculations were performed in the case of the tano 
molecule, using the program CHARMM [ 13] , in order to 
evaluate the heights of the potential barriers associated with 
the ring inversion of the tano molecules and the rotation 
of the methyl groups about their threefold axis. 

The empirical energy function comprising internal 
energy terms (bond potential , bond angle potentials, 
dihedral torsion potential and improper torsion terms) 
together with nonbonded interaction (Yan der Waal 
interactions and an electro tatic potential) was built from 
force con tants obtained from the literature concerning 
similar molecules. Geometric constant were derived from 
cry tallographic data. 

The refinement of the molecular structure by minimizing 
it s potential energy yielded a geometry close to the 
conclusions of X-ray diffraction analyses. The energy 
barriers against intramolecular deformation were evaluated 
in two ways, using the adiabatic method and the rigid 
method respectively. 

Concerning the rotation of the methyl group , both 
methods yielded similar results the value of the potential 
barrier being 19 kJ.moi- 1 and 18 kJ.moi- 1, respectively . 
The deviation with respect to the experimental va lue 
measured from IQNS ( 12 kJ.mor 1) can be explained a due 
to an incorrect di tribution of the charge of the nitroxide 
group and a coupling with the chain motion experienced by 
the methyl groups. In spite of the lack of information about 
the actual intermediate conformation , the evaluation of the 
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energy barrier in relation to the ring inversion yielded a 
va lu e of 33.5 kJ.moi- 1, in good agreement with the 
estimation of the earlier IQNS studies. 

It mu t be pointed out that several aspects are neglected 
in the potential energy function. The harmonic form 
employed for the internal coordinate energie is a local 
approximation to the potential near minima. Cross-coupling 
betwee n internal coordinate e nergies a re neglected. 
The force field neglects charge-induced dipole terms and 
three-body polarization effects. evertheless, the molecular 
s imulation are very promising approache for future 
developments of lQNS . It is intended to carry out such 
calculations first on the pure tano, then on the inclu ion 
compound in order to evaluate the vibrational spectra and 
the scattering functions. 

The nature of the Rh-H2 bond in a dihydrogen 
complex stabilized only by nitrogen donors. 
An inelastic neutron scattering study 
of TpMe2RhH2(T)2-H2) (TpMei = Hydrotris(3,5 
dimenthylphyrazolyl)borate) . 

Since the original discovery by Kubas et al. [ 14] of 
t ra n iti o n metal complexes containing coordinated 
molecular hydroge n, these compound have attracted 
increasing attention a they are likely to provide a better 
under tanding of the nature of dihydrogen-metal interactions 
and , therefore, of the fundamental process of dihydrogen 
activation at a metal centre and of the role of dihydrogen 
complexes in homogeneou catalysis . Schematic 
representations of the M(H2)-and MHr interactions in their 
complexes are shown in Figure 13. 

"non-classical" "classical" 

n 
M (dcr) 

~ H2 (cr) + 
.....__, 

cr-donation 7t back-bonding 

Fig. I 3: chemaric represe11rario11 
of the MHr and M(H2)-interacrions 



COLLEGE 7 

M os t of these comp l exes contai n pho phine, 
cyc lopentadienyl or organometallics donors as co- ligands, 
and it has been assumed that the high electron density at the 
metal centre induced by the presence of the e li gands 
strengthens the M (H2) bond by 1t-bacdonation. The structure 
of 1 is shown in Fig. 14. 

INS measurement of the rotational and v ibrati onal 
transitions of the dihydrogen ligand in 1 were performed 
in order to carry out a detailed tudy-of its rotational barrier. 

Th e data coll ec ted on th e spectrometer INS at a 
temperature of SK, yielded the tunn el splitting of the 
librati onal ground state of the coordin ated dihydrogen. 
Another et of data, obtained at I SK, on the FDS instrument 
at the Los Alamos National Laboratory provided vibrational 
data including transitions to the excited librational states 
(" torsions ") of the di hydrogen ligand. 

The vibrational spectra were obtained with the aid of a 
"d ifference technique" usin g two . am pl es , one of the 
hydride and the oth er of th e co rres ponding compl ex , 
in which the two H- and the Hi- ligands were repl aced by 
D- and D2, respecti vely. 

H 

I 
B 1~ 

~ . 
~ ... -• • 

N N 

I 
N 

N 

H-H 

Fig. 14: trucrure ofTpMe2RhH2(r,2 -H2) (/) (TpMeZ 
= hydrotris(3,5-dimenthylphyra::.olyl)borate) 
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The rotational tunneling spectrum, obtained on INS at 

SK, is shown in Figure 15a and the two peaks at± 6.7 cm-1 

are ass ig ned to th e rotational tunneling of th e bound 

dihydrogen. The vibra ti onal difference spectrum of the 

RhH(H2)-fragmenl is shown in Figure I Sb. 

The two peaks at ea. 120 and 200 cm-1 are assigned to 

the dihydrogen torsions because of their high intensities and 

the weaker peaks at hi gher frequencies to the skeletal 

defo rm ation mode invo lving th e ( H )2/ ( H 2) moti o ns. 

Data from both experiments are summarized in Table 2. 

The ba1Tier height can be ca lculated using the equat ion 

for a hindered rotor: 

where <I> i s the angle o f rotation about the N -Rh - HJ 

axi and B is the rotational constan t (B = h2/2 1 x r. and 

I x r = moment of inerti a) under the assumption of planar 

rotation and negligible coupling with vibrational modes [ 15] . 

- 4.0 0 4.0 
Energy transfer (cm-1 J 

100 200 300 400 

Wave number (cm-1 ) 

Fig. 15: INS spectra ofTpMe2RhH2(r,2-H2), 1: (a, top) Loll' 

frequency spectrum collected at T = 5K, 011 IN5 at ILL using 
an incident 11etl/ro11 111a vele11gth of 5 A; (b. bottom) Sample 
difference spectrum, at T = 15K, obtained 011 FDS at LANSCE. 
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E(obs.) E(calc.) 
---·-· ·- -·-·--· ·--~--

V2= l.1 V2=0.68 V2=0.60 
B =49.7 B = 37.1 V4=0.26 

B = 37.1 
·----· 

6.7(5) 
118, 126 121 123 
194 188 180 195 
203 255 219 204 

Table 2 
Tunneling frequency ro1(cm- 1), observed and calcu lated 
rotational transitions, E, (cm- 1) and barrier heights V n (kcal/mol) 
for dihydrogen in [TpMe2RhH2(T] 2-H2)]. , 

The rotational constant B, and , consequently, the H-H 

distance, was allowed to vary. Thi approach is reasonable 

as both the chemistry and the spectroscopic data for 

compound 1 indicate that the H- H distance in the 

coordinated dihydrogen is significantly longer than 0.81 A. 
Much better agreement was obtained using a potential where 

V 2 = 0 .60 and V 4 = 0.26 kcal/mol. This potential had a 

maximum well depth of 0.56(2) kcal/mol and a set of 

secondary minima at 90° to tho e of the equilibrium 

orientation of the dihydrogen . The resulting rotational 

constant wa 37.1 cm- 1 giving an H-H di tance of 0.94 A. 
This value is qualitatively in accord with the fact that 1 i a 

fa irly stab le dihydrogen complex, i .e. that the M- H 

interaction is rather strong and the H-H interaction weak. 

The latter conclusion is also consistent with the assignment 

of the very low energy IR band at 2238 cm- 1 to v(HH). 

It hould be noted that the rotational tunneling peaks and 
ome of the torsional peaks appear to be split ; a further 

di scussion of this is found in [16]. The very low va lue 
obtained for the barrier to rotation of dihydrogen in this 
compound would appear to be somewhat surprising in view 
of the spectroscopic evidence for a weak H-H interaction 
with its attendant enhanced Rh-H interaction. The most 
plausible explanations for this low value are: (i) the strong 
rnetal-H2 bond is mainly due to a cr-interaction which doe 
not directly contribute to the barrier to rotation and (ii) the 
direct interaction of dihydrogen with the cis-hydrides has the 
effect of lowering the barrier to rotation . 

Workshop on "Quantum Tunnelling 
of Atoms and Molecules in Solids" 

The workshop, financed by the ILL and CNRS, took 
place on October 4 to 7, 1995 at the Chateau de la Baume, 
Sey sin , on the outskirts of Grenoble. The organisers were 
F. Fillaux, LASIR-CNRS Thiai , H. Biittner and G. Kearley , 
ILL Grenoble , and J . Meinnel , Univer ity of Rennes. 
The workshop attracted over 50 people, presenting paper 
within the following main topics: 
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• study of rotational tunnelling using neutron 
(inelastic and elastic), NMR and other techniques 
such as light-scattering. 

• quantum proton-transfer along hydrogen bonds 
using neutrons and MR 

• mobile protons in solids, such as metals, 
proton conductors, etc. 

Inelastic neutron scattering (lNS) was the mo t popular 
single technique, accounting for almost half of the talks and 
poster . Hot topics were: rotational translational coupling 
propo ed by several groups, motion of protons in H-bonds 
being independent (or not) of other molecular motion , 
tunnelling of mixed isotope rotors, and use of single crystal . 
The proceedings will be published in Physica B. 

Secretary: Hans-Jochen Lauter 
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The reactor restart at the beginning of this year signalled 
the end of a period of interruption for projects which are 
dependent on the unique facilities offered by the ILL. It al o 
brought to light new projects which had been developing 
during the long shutdown . The important role played by 
neutron sca ttering techniques in the stud y of Biological 
structure and dynamics is mainly due to their complementarity 

91 

to other techniques such as x-ray diffraction. During the 
shutdown the scientific life of the College had continued in 
these complementary areas with collaborations strengthened 
and established between a number of research facilitie and 
in s titutes. Some of these sc ientific programmes are 
associated with project for developing new instrumentation 
and techniques. This year, College members and their 
colleagues were involved in reali ing these developments. 

A number of instrument development programmes were 
of particular relevance to studies of the struct ure and 
dynamic s of Biological systems. In April the fir s t 
experiments were carried out on the new mall-angle 
neutron scattering, SANS, diffractometer, D22. Because of 
an interruption for repairs to the position sensitive detector, 
PSD, commissioning of this instrument will continue into 
1996. The PSD on the single crystal diffractometer D 19 was 
refilled with gas to restore it to its design efficiency. A new 
PSD on the time-of-flight spec trometer INS was 
commissioned. With appropriate samples, it is now pos ible 
to measure correlated motions on length scales from 20A to 
I ooA. The quasi-Laue diffractometer, Ladi , was tested at the 
end of cold neutron guide H 142. Detailed status reports of 
these projects are given under the relevant in trument 
group . 

College members represented these development s 
at conferences and workshops throughout the world. Their 
efforts were rewarded by a record number of proposals being 
submitted to the Biology ubcommittee. The College 
received fifty-five proposals for the u e of ten different 
instruments in the October proposal round (D7, D 11, D 16, 
Dl7, D19, DB21 , D22, INS , IN6 and I 10). A number of 
trends were identified from these proposals and those 
submitted at the previous two rounds. 

Many proposals concerned the use of inelastic cattering 
in truments. Progress in structure determination , e.g. 
of !rans-membrane proteins, and methods of biotechnology, 
such a replacement of amino acid at particular sites in a 
protein , now allow specific ques tions to be asked about 
protein dynamic in relation to it biological function . 
In recognition of thi s trend and the need to develop 
procedures for data analysis, a workshop " Inelastic Neutron 
in Biology" will be organised by the ILL and held in 
October 1996. 

Some of the other trends and scientific highlights of thi s 
year are presented below in no particular order. 

Scientific Highlights 
Microtubule self-organisation 

Self-organisation and morphogenesis are important in a 
number of Biological processes . Microtubules in so lution 
can, under appropriate conditions, self-organise and form 
macroscopic structures. When assembled in spectrophotometric 
cells, uniformly paced stripes form which reflect periodic 
variations in microtubule orientation. It has been proposed 
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that the se lf-organising properti e of thi s system are due 
to chemi call y di ss ipati ve reac ti on-di ffus io n mechani sms. 
If present, these mechani sms should also lead to vari ati ons 
in microtubule concentration. As opposed to optical methods 
SA S can unambiguo usly and simultaneous ly measure both 
microtubule concentra ti on and ori e ntation independentl y 
of one another. 

Measure me nts carried o ut on D 11 involved scanning 
along the length of a triped microtubule sample (J . Tabony, 
CE G and L. Vuill ard, ILL). Fi gure I shows the vari ation, 
as a func tion of pos iti on. o f the intens ity of the radi a ll y 
averaged micro tubul e sca tte ring c ur ve . The sca tte rin g 
inte ns ity is proporti o na l to mi cro tubul e co ncentra ti o n . 
Th e c ha nges in co nce ntra ti on co in c id e w ith c ha nges 
in o rientatio n. Thi s result is an important e lement of proof 
that che mically di ss ipative processes a re res po ns ible fo r 
the systems' se lf-organising properties. 

on detergent sulfobetaines (NDSB) 

NDSB agents for prote in solubili zati on and stabili sation 
fea tured in las t yea r 's a nnu a l re po rt . D S B 's we re 
developed during the long shutdown through a co ll aboration 
with a Grenoble based CEA-INS ERM lab. This year new 
appli ca ti o ns we re fo und fo r th ese agents, no tabl y fo r 
the stabilisati on of halophilic prote ins [I] and for increas ing 
the yields in protein renaturation [2]. A pos ible explanation 
fo r the func tion of NDSB is that the so lubili sati on is caused 
by attachment to the prote in . ln order to prove or disprove 
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Fig. I : The variation in microtubule sea/le ring intensity as a 
f unction of position along a fla t cell of 2mm optical path length. 
The beam size was lx0.3mm. 

Fig. 2: The scattering densiry profile of a protein in H2o and D20 
environments with the solubilising agent NDSB prefential/y bound. 
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thi s exp lanation SAN S ex periments were carri ed ou t on D 11 
on two commonl y used proteins in the presence of NDSB 
(L. Vuill ard and M.S. Lehmann, ILL). 

Figure 2 . hows that if DS B is preferenti all y bound to 
the pro tei n, the n th e sca tt e r ing de nsi ty profi le is very 
di ffe rent for the sample in H2o and D20 e nvironments. 
Consequentl y the radius of gyration in the two cases will be 
different. Preliminary results suggest that there is no binding 

or exclusion of NDSB at the surface of the protein . Since 
DSB can have a significant effect on the so lubili sation by 

detergents of membrane bound protein , the action of DSB 
o n the ize of dete rgent mi celles was a lso inve ligated . 
Thi s showed th a t the s ize of mi ce ll es was modifi ed in 

the presence of DSB but the vari ations observed could not 
be corre lated to the changes observed in extraction yields. 

Membrane/protein/detergent interactions 

The so lubili sation of membrane prote ins by detergents 
is at present the onl y way in which such proteins can be 
pre pare d fo r c rys ta ll isa t io n a nd hi g h resolut io n 
crystallographic studies. (The onl y exception is the naturally 
crystalline purple membrane of halophilic bacteri a). For thi s 
reason the stud y of membrane protein/detergent interactions 
bot h in c rys ta ls a nd in o luti o n is imp o rt ant. Th e 
c harac te ri sa t io n a nd de te rmin a ti o n of the geo metri ca l 

para meters of de te rge nt mi ce ll es of po te nti a l use in 
crystalli sation is a lso of major interest. A number of projects 
are underway in thi • fie ld . Data collection has been al most 
comple ted o n crysta ls of the porin/C8E4 complex fro m 
Rhodobacter capsulatus (W .We lte, Fre iburg/Konstanz, 
E. Pebay- Peyroul a. S. Penel and P.Timmins, ILL) and the 
sam e compl ex has bee n s tudi ed in so lut io n by SAN S 
(W .We lte, Fre iburg/Ko ns ta nz a nd P.T immins, ILL ). 
A compari son between the crystal and so lution complexes 

should give important informati on on the c rysta lli sation 
proces as well as on the detergent binding surfaces of the 
pro te in whi c h in t urn a re re leva nt to lipid/protein 
interactions in the real membrane. A similar tudy on the 
trigonal Ompf porin fro m E.Coli is underway (T. Schirmer, 
Basel, E.Pebay-Peyroula, S. Penel and P. Timmins, ILL) 
to complement the stud y on the te tragonal form recentl y 
pulished [3]. The di stribution of detergent around a trimer 
of the OmpF porin is shown in figure 3 page 159. 

A number o f nove l deterge n ts o f po te nti a l use 
in mem bra ne pro tei n crys ta lli sat io n have been studi ed 

(J. Hovers, Ko nstanz, P. Timmin , ILL) and attempts are 
being made to corre late micelle size and shape with the 
effi cacity of these detergents. In another set of experiment 
novel no n- io ni c de te rgents whi ch fo rm vesicles and are 
of potential use as drug de li very systems have been studied 
(D. Barlow, Kings College, London). Detailed information 
on molec ular confo rmati o n is be in g obtained by specific 
deuteration of the detergent heads and acyl chains. 
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Bacteriorhodopsin 

Neutron diffraction studies of purple membranes from 
Halobacterium hal obium mutants have been ex tended to 
functional mutants. We reca ll that the membrane contai ns 

one prote in , bacteriorhodopsin , BR. whi ch fu nctions as a 
li ght dri ve n pro to n pump . The me mb ra ne studi ed in a 
coll aboration between the JBS (M. Weik and J. Zaccai) and 

MPI Biochemie, Martinsri ed, (H. Patzelt and D. Oesterhelt) 

co nta ined BR mutated in an a min o ac id of the pro to n 
pa th way . Thi s muta nt s ho ws a s ig ni f ica ntl y re du ced 
pumping rate. The neutron amplitude difference density map 

with the wild type membranes ha significant peaks in the 

lipid areas, strongly suggesting modifications in the mutant 
lipid compos ition. Thi s tota ll y unexpected observation has 
stimul ated a new inte res t in the fun c ti o na l ro le of the 

membrane lipids. 

Location of cholesterol sulfate 
in phospholipid membranes 

Cho les te rol and cho les tero l ul fa te. CS , a re stero id s 

present in natural membranes, such as those fo und in skin 
lipid s and in the head of spermatozoa. The pre e nce o f 

th e sul fa te mo ie ty see ms to g rea tl y a ffec t th e s tero id 
properti es . In parti cul ar. CS has been show n to indu ce 

a g rea te r hydrati o n o f th e lipid inte rface 111 

dimyristoy lphosphatidylcholine (DMPC) membranes as we ll 
as less ordering of the lipid chains. One poss ible explanation 

is that there is a difference in the ve11ical locati on of the two 
steroids in the membrane. In order to prove or di sprove thi s 
ex planation neutron lamell ar diffrac tion ex periments were 

ca rri ed out on D 16 (C.Faure and E.J .Du fo urc, C NRS and 
E.Bellet-Amalric. ILL). 

Ori e nt ated model me mb ra ne we re made of DMPC 
mixed with either protonated or deuterated. d5-(2,2,4,6,6), 

S (30% ). Up to ten orders of di ffrac tion with a mosaic 

spread of< I O we re ob e rved . The scatte ring amplitudes 
were co mbined with phases, dete rmined by repeating the 
experiments in di fferent H2O/D2O concentrati on , allowing 

the detailed cattering density acros. the DMPC membrane 
to be imaged. Data treatment is still in progress but initial 

compari ons with similar work carried out on the location of 
chole tero l in DMPC (4) indicates that the two steroids are 

both well embedded in the membrane. 

Conformational changes and spatial arrangements 
of the Escherichia coli chaperones GroEL and GroES 

Molecul ar chaperones are proteins which can be found in 
all three kingdoms of organi sms, eucaryots, eubac teri ae and 
archebac te ri ae. They bind unfo lded, e.g. heat-denatured, 

polypeptides preventing aggregation, and then mediate their 
fo ld ing o r refo lding in an AT P dependent (energy­
con. lllni ng) process . The chaperone . ystem consi. Ls of the 
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main protein GroEL (relati ve molecul ar mass Mr = 798 kDa) 

and of the he lper prote in GroES (Mr = 70kDa) . GroEL and 

GroES fo rm a compl ex that inte racts w ith the denatured 

substrate prote in . 

SA S experiments were carri ed out on DI I (R.May. ILL) 

and at the HMI on the E.coli chaperone system Hsp60 in 

complex with citrate synthase mutant as a substrate model 
protein (co ll aboration wi th R. Stegmann and H. Heumann. 

MPI fiir Biochemie, Mart insri ed , R. PIUckhun. ETH Zi.irich 

and A . Wi ede nmann . HMI ). The sca tte rin g of i o lated 

GroEL can be interpreted as o ri ginating from two stacked 

heptameri c rings. Whe n c it ra te syntha e is bound in the 

absence of MgATP, Gro EL seems to di ssoc iate into two 

rings with one substrate molecule bound. In the presence of 

MgATP, GroEL apparentl y remains a 14-mer upon binding 

substrate prote in . 

A no th er se ri es of ex pe rim e nt s was co ndu c ted to 

in ves ti gate . tructu ra l change of G roES upo n bindin g to 

GroEL. For thi s purpose a complex of deuterated GroES and 

na tura l (pro tonated ) GroEL was fo rmed . The scatte ring 

curves of the isotope-chimerica l complex were measured at 

di ffe rent leve ls of 0 20 in the olvent ("contrast vari ati on"). 

Co mparing the sca tte ring curve o f iso la ted Gro EL with 

that ca lc ul ated fo r GroEL-bound Gro ES fo r a H2O/D2O 

mi xture where GroEL becomes " invisible", it appears that 

the bound GroES has a 15% smaller radius of gyration than 

the iso lated one. 

Protein-nucleic acid interactions: elongation factors 

In bac teri a, e longatio n fac tor EFTu carri es aminoacy l­

tR A to the ribosome during the translational process. EFTu 

is a G protein assoc iated with one molecule of GDP in its 

inactive state, a state in which it does not bind aminoacyl­

tR A. The pro te in is ac ti va ted by GTP-GDP exc hange 

faci litated by an inte rmedi a te assoc ia ti o n w ith a no ther 

e longa ti o n fac to r named EFT s. In its GTP bo und form. 

EFTu.GTP binds aminoacyl-tRNA . Recentl y, crysta llographic 

studies have prov ided hi gh reso luti on in fo rmatio n on the 

st ruc tures of EFTu .GDP [5], EFT u .GT P [6 , 7 ) a nd the 

EFTu .GTP. aminoacy l-tR A complex fro m the rmo phili c 

bacte ri a (8) and the EFTu .EFfs compl ex from E.co li [9]. 

Very inte resting complex struc tu res and confo rmati o nal 

changes have come to light. Because of the power of SA 

for the study of prote in-nucle ic ac id interact ions. th is has 

stim ul a ted a num ber of ILL proposa ls to exa mine the 

so lution prope11ies of the complexes as a function of solvent 
composition and make the link between the very diffe rent 

crystal conditions and conditions in which the biochemi ca l 

reac ti o ns have bee n c harac te ri e d . Scie nti s ts fro m 

labo ra to ri es in Swede n. De nm a rk , Ru ss ia. F ra nce a nd 

EM BL are in volved in these studies that have tarted in 1995 

and are continuing into 1996. 
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Dynamics in short peptides 

Hydrogen bonding is the key feature in the Biological 

information transfer mechanisms. In studies of the dynamics 

of chains of hydrogen-bonded peptide groups anomalies 

have been observed; the vibrations of the -NH .. . OC- atoms 

are anharmonic and show unexpected splittings. These 

anomalies have been a signed to a number of origin 

including conformational sub tates of the amide proton, 

dynamic proton transfer along the hydrogen bond , and 

locali ed modes resulting from coupling between different 

oscillators. However, hydrogen-bonding patterns in linear 

peptide and amino acids have not yet been studied 

y tematically . Studies have therefore been initiated to 

investigate the temperature dependence of the vibrational 

den ity of modes and the quasi-ela tic broadening in simple 

amino acids and short polypeptides (M. Barthes, 

Montpellier , J. Eckert, Los Alamo and V. Heleniu , 

Jyvaskyla, Finland). 

In initial experiments the vibrational density of states of 

a small (O.2g) sample of Tryp-(Ala) 15 polypeptide has been 

studied at 4K on I 1 with a Be filter, and compared to the 

data collected with crystalline alanine and two deuterated 
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derivatives of alanine, in order to assign the main feature . 

The spectrum of the peptide i shown in Fig.4, together with 

the spectrum of alanine-D4 (or H3N-C2D4-COO). 

The spectrum of the peptide con ist of wide bands , 

indicating for each oscillator a large frequency distribution, 

due to the low rate of cry tallinity. The main features in the 

peptide spectrum are assigned to mode of the methyl group, 

(the methyl torsion i observed around 33 meV), while in 

alanine-D4, the NH3 tor ion i the mo t intense peak at 

about 65meV. The hydrogen bond deformations, which are 

around I 6me V for alanine, are not observed in the peptide 

spectrum. They hould be shifted to lower energy as a result 

of the oft peptide structure. 

ormal modes analyses of the alanine crystal are now 

underway, to compare neutron scattering data to the re ult 

of computer simulation , in order to make progress in the 

understanding of the peptide dynamics. 

Neutron fibre diffraction studies 

Over the years neutron diffraction ha been used to study 

a number of Biological polymers which do not form single 

crystals but can be prepared a fibres. One of the most 

120 140 160 180 200 220 240 
Energy [meV] 

Fig. 4: The spectra, collected on fNl with a Be filter, from alanine-D4 (top) and Tryp-(Ala)l5 polypeptide (bottom). 
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significant recent advances in thi field has been the 
development of techniques commonly used in studies 
of s ingle crystals now applied to high resolution fibre 
diffraction s tudie s (W. Fuller , V .T. Forsyth and 
A. Mahendrasingam, Keele and P. Langan and S.A. Mason, 
ILL). This followed the availability of large PSD's on high 
flux instruments, which allowed the efficient coverage 
of large continuous volumes of reciprocal space 
simultaneously. One such instrument is Dl9. Although Dl9 
is often used as a single crystal diffractometer, since the 
reactor restart more of the beam-time has been taken up by 
fibres. Developments on D 19 which have accompanied this 
trend are reported under the Diffraction group. Some of the 
fibre diffraction experiments are described below. 

The highly successful investigation being carried out by 
Keele (W. Fuller, V.T. Forsyth and A. Mahendrasingam) 
into the hydration of DNA has continued. DNA is a double 
helical polymer which has been hown by x-ray fibre 
diffraction to assume a number of distinct conformations 
depending on hydration , ionic environment and base pair 
sequence. These studies have provided detailed molecular 
models for the A, B and C forms of naturally occuring DNA 
as well as the D and S forms of ynthetic polynucleotides. 
The possibility that these conformations have different 
functional roles makes the relationship between DNA 
conformation and ordered water and ion s of particular 
biological importance. The arrangement of water around the 
A and D forms of DNA was investigated using neutron 
diffraction techniques on D 19 before the long shutdown 
[ 11-12] and featured in the 1989 annual report (W. Fuller, 
V.T. Forsyth and A. Mahendrasingam, Keele and P. Langan 
and S.A. Mason, ILL). During the shutdown these studies 
were extended to investigate the hydration of the B and 
perdeuterated A forms of DNA on SXD at ISIS (W. Fuller, 
V.T. Forsyth and A. Mahendrasingam, Keele, C. Wilson, 
ISIS and P. Langan and S.A. Mason, ILL) [ 13). This year 
studies have restarted on D 19 with data being collected from 
the perdeuterated A and B forms (W. Fuller, V.T. Forsyth, 
A. Mahendrasingam and M . Whalley, Keele and P. Langan 
and S.A. Mason, ILL). 

In these studies of DNA hydration the ability to replace 
H2o by D20 is used in order to exploit the difference in 
scattering length between H and D. In addition to the 
isotopic substitution of water there exists the possibility of 
isotopically substituting H covalently bound to DNA, except 
for H bound to nitrogen which are not exchanged when 
water is substituted . In a collaborative project between ILL 
(P. Langan) and EMBL (R. Leberman) the triphosphate 
components from which polynucleotides are synthesised are 
now being produced in their deuterated form. This makes 
possible th e sy nthesis of polynucleotides with shor t 
repeating sequences of deuterated and protonated 
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nucleotides. In this way selected components of the system 

can be highlighted in a manner which is not possible with x­

rays. Another application of this exciting development will 

be in neutron diffraction studies of DNA triplexes and DNA­

protein complexes in which specific strands are highlighted. 

Hyaluronic acid is a Biological polymer found in the 

intercellular matrix of mammalian connective tissue and the 

capsules of some bacteria. X-ray fibre diffraction studies 

have shown that this linear polysaccharide is a double helix 

which, like DNA, can assume a number of conformations 

and packing arrangements depending on hydration , ionic 

environment and temperature . Data were collected from 

samples corresponding to the polysaccharide being 

surrounded by H2o and then D20 so that Fourier difference 

techniques could be used to image the localised water 

(A. Deriu, F. Cavatorta, D. Di Cola, M. Oscar, Parma, 

A. Rupprecht , Stockholm and P. Langan, ILL). The long 

term aim of this project is to collect H20ID20 data sets at a 

number of different humidities so that the role of water in 

facilitating the observed conformational transitions can be 

determined. 

atural cellulose, cellulose I, is used in the textile 

industry , usually after undergoing some form of treatment 

with NaOH. This mercerisation process involves a structural 

conversion to cellulose II with associated improvements in 

strength, appearance and reception to dye. In this study high 

angle data were collected from a sample prepared using 

NaOH and then from a sa mple prepared usin g NaOD 

(A Mahendrasingam, A. Jaber, Keele and P. Langan, ILL). 

The difference in scattering length between H and D is being 

exploited in Fourier difference analysis to determine the 

positions of hydrogen atoms which are substituted on the 

cellulose during merceri sation . Thi s experiment was also 

used to test a new fibre precession data collection geometry 

(P. Langan, ILL) . 

Laue and quasi-Laue diffraction 

The development of quasi-Laue techniques continues to 

promise considerable expan ion of neutron crystallography 

studies of biomolecules and make possible new types of 

study relating structure to function . A descri ption of tests 

carried out with the large cylinder image plate detector 

(constructed at the EMBL) at the end of cold neutron guide 

H 142 appears under "Small Projects in DS" (Lehmann, ILL 

and Wilkinson, EMBL). The first Laue diagram, recorded from 

triclinic lysozyme. is shown in Fig. 5 page 159. Quasi-Laue 

data have now been collected from a number of biomolecules, 

inlcuding triclinic lysozyme (collaboration with P. Oleinek, 

Miichen) , Concanavalin-A (collaboration with G. Habash 

and J. He lliw e ll , Manches ter), tetragonal ly so zyme 
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(co llaboration with iimura, JAERI ) and cobolamin, a 

deri vative of vi tamin B 12 (co ll aboration with C. Kratky and 

G. Jog l, Graz and P. Langan, ILL). Further tests are planned 

for 1996. 

Secretary: Paul Langan 
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The year 1995 was a very busy year for all college 
members, mainly because all had to restart their instruments. 
After the long shutdown period the users come back and this 
stimulates the scientific live at ILL. Certainly the service to 
the users and restarting instruments did occupy the major 
part of time for most college members, sometimes leaving 
nearly no time to do own research work. We all hope this 
will change next year, in spite of the reduction of staff. 

We are all aware that the race for scientific results on the 
instruments has started and we have seen last year globally 
good new proposal s in the two subcommittee sessions. 
Detailed data evaluation and interpretation of course cause 
some delay and continuation experiments are often 
necessary. Thus many scientific projects are still going on 
and only preliminary answers to the tackled questions can be 
given. In the following we present some selected projects. 

Influence of architecture on the aggregation 
of hetero-arm star polymers in a selective solvent 

The aggregation star polymers in solution was studied 
on D 11 by M. Prager, A. Ramzi , D. Schneiders, 
M. Monkenbusch , D. Richter and B. Farago . PE-PEP 
diblock polymers dissolved in the selective solvent decane 
form lamellar sheets with a crys talline PE-core and a 
swollen PEP-corona . Thi s rather complex shape was 
identified using small angle neutron scattering (SANS ) 
in combination with the contrast variation technique (H-D 
exchange) [I]. In extending this work the question is asked 
how a more complex architecture of the polymer, 
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(PE)n(PEP)m with pairs (n,m) = (2 ,2) , (2, I) and ( 1,2) 
and varying molecular weight , influences the aggregation 
behavior. 

The SANS diffractograms show that the micellar shape 
is almost independent of concentration c in the low c regime. 
Further, at room temperature almost all polymers are 
contained in the micelles which dissolve around T = 60° C. 
Based on these observations 2 % solutions of the materials 
were studied in detail at room temperature. For all samples 
the PE was partially deuterated and had a constant molecular 
weight (Mw) of 7000 while that of the protonated PEP varied 
from 5000 to I 5000. Fig. 1 presents the results for five 
different contrasts and the sample with Mw of PEP of 8000. 
The spectra look similar to those of diblocks. Thus in 
analogy to the diblock copolymers the heteroarm star system 
was modeled by a polymer bru sh. With a flat dense 
crystalline PE core of thickness d and a soft corona of PEP 
hairs sticking out on both sides of the core. Rectangular 
density profiles were assumed for both, the core and the 
corona. Their surfaces were smoothed by a convolution with 
a Gaussian. In the final analysis partial structure factors of 
the pure core and the pure corona were derived from the 
original data and the two constituents fitted individually . 
In core-contrast (Fig. 1 ◊) the intensity decreases at large 
Q only, in brush contrast (Fig. I *) at low Q. Thus like in the 
diblocks, the PE-layer is remarquably thinner than the brush. 
The extension L of the PEP hairs into the solvent increases 
with the molecular weight of the PEP arms from ~ 150 A at 
Mw = 5000 to ~ 400 A at Mw = 15000 while the thickness 
d ~ 40 A of the core is almost constant. The analysis of the 
spectra at very low Q shows that the sheets are large laterally 
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Fig. 1: SANS data of a 2 % solution of (PE)i(PEP)i 7K/8K 
in decane f or various degrees of deuteration of the solvent 
( * = 1.0, O = 0.75, 0= 0.50, L1 = 0.25, 0 = 0.025). 
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a nd they form a finite stack of a few (- 5) layers . From Small-angle neutro n scattering i an exce llen t technique 
the lattice parameter of crysta lline PE and the core thickness 
the grafting density of PEP hairs emerging from the surface 
can be derived for the PEP molecular weights used . [n the 
co nfin ed e nvironm e nt th e PEP bru s h is s ig nifi ca ntl y 
stretched. 

In the most simple approach, when considering just a 
si ngle mi ce ll e , one ca n try to explain the geo metri ca l 
parameters o n the bas is of the bal ance of entropic and 
e nthalpic te rm s: the cristallisation e ne rgy of th e core 
is strongly determined by the folding of the PE chains at 
the surface. Its minimi sation would leed to thick sheets. 
Contrary, to minimise the deformati on energy of the PEP 
hairs in the brush, a large swface of the lamella has to be 
offered. The compromise between these two contradictory 
requirements yields the geo metrical para meters of th e 
system. Such theories [ 1,2] predict a simultaneous change of 
both the core and the brush thickness, while the experiment 
s how s that th e core thickn ess is almost constant. A 
qualitative explanation of thi s observation may follow from 
the fact that PE made from PB contains about 1 sidegroup 
every 50 bonds. To incorporate such defects into the crystal 
costs energy and the system might try to locate them at the 
surface. In agreement with experiment thi s behavior would 
stabilise a lamella thickness defined almost purely from the 
PE properti es. Experiments and ca lculations along thi s line 
are under the way. 

Thixotropy of clay suspensions: investigation 
by small-angle neutron scattering 

Clay suspensions under shear fl ow were investigated on 
D 11 , a co llaboration between UJF, CEA-Rhone- Poulenc and 
ILL (A . Mangin , B. Cabane, P. Lindner). An area which is 
a tt rac ting mu c h a tte nti o n in the rheo logy of co llo id al 
suspension s is the relation between the behav iour of these 
mate ri a l a t macroscopic sca le a nd th e ir s tru ct ure at 
me sosco pi c sca le . M a te ri a ls of thi s type have ma ny 
inte res ting prope rti es, a nd parti c ul ar researc h is be in g 
carried out into their thixotropic behaviour. Thixotropy may 
be defined as follows: a t res t, the mate rial has a hi g h 
consistency. When it is shaken, its consistency decreases 
and its structure is modified until it reaches another state 
of organization. When the material is no longer shaken , 
it gradually returns to the consistency and structure it had 
at rest. Thixotropy is a reversib le process. 

Clay suspensions represent a major field of investi gation, 
in terms of bo th fundamental research a nd industrial 
app lic ations . Th ey a re co ns idered as model material s 
fo r studying thixotropic behav iour. The materi als se lected 
fo r such studies were a syntheti c clay of the hectorite type 
(Lapon ite), con isting of di sk-shaped particles of nanometric 
size, and a natural c lay of fibrous texture with micron-sized 
particles (Sep iolite). 

98 

for exam ining part icle interac ti o ns and organ isa ti on in 
a suspension of this kind when it is subject to shear-type 
flow. The samp le is placed in a sma ll gap between two 
coaxial cy linders (i.e. a Couette cell ), one of which rotates 
with respect to the other and thus produces a constant shear 
rate in the suspension. Otherwise, rheometric measurements 

by F. Pignon. A. Mangin and J.M . Piau a llowed to correlate 
the structural changes wi th the variati on of the shear stress 
over time. 

Results with suspensions at rest 

With the aq ueous suspension of Laponite, there is a 
marked deviation from the Q-2 type relation fo r scattering 
intensity a t the la rges t wave vecto rs (F ig. 2) . Thi s 
demonstrates an increase in particle interactions that is due 

to short-range ordering [3]. This behaviour e nds at the 
smallest wave vec tors in a Q-3 dependence, whi ch can be 

ex plored by li g ht sca tt e rin g meas ure me nts. Thi s new 

Q-dependence appears to be due to the formation of tactoids 
in the suspensions, i.e. small groups of two to four particles 
separated by a few layers of water. 

Results with sheared suspensions 

Th e scatte rin g diagram fo r a sheared s uspe ns ion of 

Lap o nite re main s iso tro pic, but a disturbance of th e 
short-range order was detected. The straight secti on between 
the Q-2 and Q-3 type behaviours becomes steeper. 

The scatte ring diagram fo r a suspension of Sepiolite , 

which was initi a ll y isotro pi c at rest , beco mes stron g ly 
anisotropic under shear (Fig. 3). The particles are clearly 
oriented in the direction of fl ow. 

These studies are being carried out under the contract for 
the " Behavior of thixotropic mater ial s " programme 
involving the DIMAT and various industri es. They are to be 
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Fig. 2: Scallering inte11siry vs. wave vecror f or a suspension 
of Laponite at rest or sheared. Volwne fra ction = /.6 %, 
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Fig. 3: Contour plot of scallering intensity for a sheared 
suspension of Sepia/ire. Volume fraction = 2 %, 
shear rate = / (Y s· 1 

pursued next year by systematica ll y exploring the e ffect of 
phys ical and chemica l parameters and shear on thi xotropy 
and on the associated structural state. 

Charge stabilized colloidal suspensions under shear 

Co nce ntra ted di s pe rsi o ns ca n deve lo p hexag on a l 
scattering patterns under shear. which persist as the shear is 
turn ed o ff . Rece ntl y d ev ia ti o ns fr o m th e hexago na l 
scatte ring pattern were observed [4] after the sample was 
rotated with respect to the neutron beam, indicating more 
complex structures than hexagonal layers. A first experiment 
was carried out on latex suspensions on DI I (H. Yersmold . 
C. Dux from RWTH Aachen. V. Reus, P. Lindner from ILL) 
to investi gate the intensity di stribution along the Bragg rods 
in reciproca l space. Dev iations from o rde red hex agonal 
layers should show up in an intensity redistribution along the 
rods. From such an in vestigati on informatio n conce rning 
close packing of the layers and the stacking order can be 
expected . Fi g. 4 sho ws the fir s t res ult s o f thi s s tud y . 
The sca tte rin g pattern for the shear o rdered di s pe rs io n 
w ith he xago na l sy mm e tr y a nd it s c ha nge to a lowe r 
symmetry, when the sampl e is rotated by 19° about the 
ve rti ca l a xi s is s ho wn . Pre limin a ry res ult s o f th e 
in vesti gati on of several inclinati on angles indicate a random 
stacking of the hexagonal layers and that the layers are not 
closed packed [5]. 

Strain amplification in model-filled rubbers by SANS 

Fillers have a reinfo rcing e ffect on the medium in which 
they are embedded and it is a chall enge to predict the effect 
of fi llers on the viscoe lastic behav iour of rubbers. Whereas 
phenomenologica l approac hes have been presented, d irec t 
experiments testing the microscopic stra in as a fun cti on of 
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Fig. 4: Hexagonal SANS scattering pattern 
fo r a latex suspension ordered under shear 
a) at normal incidence. 
b) after rotation of the sample by 19.47° about the vertical axis. 

the volume fraction of fill er are still lacking . SANS at D 11 
wa e mplo yed (St. W es te rm a nn , M . Kreit sc hmann , 
W. Pyckhout-Hintzen. E. Straube, D. Richter (KFA Ji.ilich) 
and B. Farago (ILL)) to improve our understanding fo r the 
m ajo r mec ha ni s ms b y w hi c h rubbe r- re in fo rce me nt is 
believed to take place. 

A fi ll ed rubber can be defined as a two- phase sys tem 
o f ri g id pa rt ic les, s urround e d b y a n e las to me ri c 
ne twork matri x. The effect of the di . pe rsed fill er phase 
on th e v iscoe las ti c be hav io ur is d esc ribe d b y a n 
e mpiri ca l re in fo rce me nt o r s train a mplifi ca ti o n factor 
f = ( I+ 2.5 <I> + 5.0 <I> 2) causing Am ie = (A- 1) * f +I . In these 
equations <I> is the volume fracti on of fi ll er, the linear te rm 
a1ises from the Einstein equation and the empiri ca l quadrati c 
term takes interacti ons into account. A is the macroscopic, 
Amie th e mi c ro sco pi c ex te ns io n ra ti o. E mpiri ca l 
rei nforce ment fac tors were until now determined fro m the 
re lati ve vi cos ity changes be twee n a fill ed and unfill ed 
matri x. A simple semi -microscopic model for evaluating the 
mico rsco pi c strain w ith ri g id , undeform able pa rti c les o f 
concentration <I> would yie ld: 

Bl oc k-copo lymers. in th e s tron g seg rega ti o n limit , 
may be considered as mode l sys te ms fo r fill ed rubbe rs. 
Typical conditions can be achieved by a careful synthe is. 
like: parti cle s izes du e to mic rophase sepa rati o n a round 
I 00-200 A, chains that are chemica lly bound to the surface 
of the fill er particle and bound or occluded rubbers may be 
produced and fi xed upon cross linking. 

The in ves ti ga ted bl oc k-copo ly me r of po ly iso p re ne­
polysty rene-polyisoprene (PI -PS-PI ), where PS served as 
fi ller with a volume frac ti on <I> (PS) = 0. 17 was des ig ned to 
phase-match the superstructure of the fill er by appropiately 
m ix in g H- a nd D-isop re ne m o no m e rs dur ing a ni o ni c 
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polymerisation . Further composition-matching with a 
homopolymer mixture permitted to study the conformation 
of bulk chains under strain for different invisible filler 
concentrations. The structure of the triblock-co-polymer was 
characterised by synchroton radiation and neutron scattering 
(Fig . 5) and corresponded to spherica l PS-domains 
of about 140 A in diameter with sharp boundaries 
(XN "' 80; X being the Flory-Huggins parameter and N the 
polymerization index). 

Three different filled blends with identical chemical 
crosslinking densities (<I> (PS) = 0, 0.09, 0.15) were measured 
at different elongations. The non-ideally matched intensity 
of the trib lock-co-polymer was then subtracted after an 
affine transformation of the peak position. The scattering 
patterns for the matrix chains were fitted with a tube model, 
considering a non-affine and deformation-dependent tube 
diameter (Fig. 6a). The results allowed a comparison of the 
microscopic strains 11.P, relative to the measured macroscopic 
strain at different filler contents. The fit parameter p is 
ideally 1 for long, moderately cross linked chains with 
vanishing free dangling chain ends. With increasing fi ller 
concentration an increase of the tube diameter is observed 
from 43 A at <I> (PS) = 0 to 52 A at <I> (PS)= 0. 15. This can be 
explained by a stretching and disentangling of chains near 
the PS-surface. Furthermore p increases from 0.42 to 0.83 
with increasing filler concentration , which reflects the 
increase of the effective microscopic strain . ln Fig. 6b the 
experimental overstrain f*exp = A Lip is plotted as a function 
of <l>Ps for A = l. 7 in comparison to the theoretical predictions 
mentioned above. 

0 0. 04 0. 08 0. 12 0. 16 0. 20 

a [A-11 

Fig. 5: Filler morphology by Synchroton radiation (circles) 
and SANS (squares), showing the contrast-matching. 
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In contrast to the semi-microscopic model, which clearly 
overestimates the effect of the filler, the empirical approach 
describes the experimentally observed overstrain quite well. 
The study shows how a comparison of SANS and 
mechanical moduli may help to provide a better microscopic 
understanding of widely used filled rubber materials. 

Fig. 6a: /so-contour intensities for the sample.filled 
with 'PPS = 0.15 at a macroscopic strain of A = I. 70 ± 0.05. 
A higher anisotropy with respect to the unfilled samle is found for 
the network containing the triblock-co-polymer, i.e. filler particles. 
The strain is applied in the horizantal direction. 
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Fig. 6b: Comparison of the experimentally derived over-strain 
to the theoretical predictions mentioned in the text. 
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The effect of solvent quality on the local unfolding 
of swollen polymer networks 

The small angle neutron scattering spectra of polymer 
gels differ from those of liquid polymer solutions in that 
they di play extra intensity at the lower wave vector end 
of the spectrum. In the liquid, the polymer concentration 
becomes smooth for wave vectors Q < I/~ , where ~ is 
the thermodynamic correlation length. Gel , however, have 
random elastic strains that extend over long di tance , with a 
characteristic length 2:: the resulting static variations in 
concentration generate the extra scattering at lower Q. 

The spectra of isotropically swollen gels are u ually 
separable into a dynamic and a static part [6,7) of the form 

(1) 

For a gel at a fixed degree of swelling, the correlation 
length ~ with a good solvent is shorter than with a theta 
solvent, where the polymer chains obey Gaussian statistic . 
The amplitude of the static concentration fluctuations 
depends on the relative strength of the elastic perturbation 
and the restoring osmotic pressure in the gel. This ratio 
depends on the degree of swelling. In fully swollen gels, where 
these pressures are equal , the static scattering is most intense. 

The present experiment was intended to detect the effect 
of solvent quality on the shape of the scattering function 
(E. Geissler, A.M. Hecht and C. Rochas). Two types of 
networks were used, poly (dimethyl siloxane) and 
poly(vinyl acetate). These were swollen, re pectively, in 
octane and toluene, and in acetone, toluene and isopropyl 
alcohol. The order of these solvents is in decreasing quality, 
acetone being an excellent solvent for PY Ac and isopropyl 
alcohol being a theta solvent at 52° C. 

For both gels contrast variation measurements were 
made to check the chemical homogeneity of the sample, 
thereby ensuring that the cros -links do not contribute to the 

ignal at low Q. Several samples were investigated 

stretch axis 
a 

stretch axis 
b 

stretch axis 
C 

Fig. 7: lsointensiry plors ar rhe 20 m derecror posirion on DI I 
(6 A incident neutrons).for the same PVAc gel swollen 
anisotropically (axial ratio 0. 73 ) to the same degree in rhree 
different solvents: a) acetone (excellent), b) toluene (good), 
and c) isopropyl alcohol (rhera). The standard ·'burre,fly'· 
response is visible only i11 rhe second case. 
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at different degrees of swelling, both under isotropic and 
anisotropic swelling. For the isotropic gel , the correlation 
length 3 of the second term is practically independent of 
swelling in a given solvent, but~ decreases roughly as c-1, c 
being the polymer concentration. ow the mean square 
end-to-end distance of a network chain, Rt 2 is expected 
theoretically to vary as Rx3/~, where Rx is the mean di lance 
between cross-links (i.e . Rx 3 oc c - 1). The present 
experimental results sugge t that 3 can be identified with Rt· 
This result, which needs to be confirmed, is interesting, 
since the end-to-end distance Rt is not an ea ily accessible 
quantity experimentally. 

On stretching a swollen gel uniaxially, a figure-of-eight 
("butterfly") isointensity pattern is generally observed [8,9). 
This happens if the static fluctuation are sufficiently 
decoupled from the liquid-like fluctuations: the static 
scattering then belongs to an invariant, i.e. its second 
moment is independent of angle. If the characteristic length 
scale 2: of the elastic perturbation becomes anisotropic under 
stretching , then the condition of invariance ensures 
a figure-of-eight isointensity pattern [ 10) . 

In the present experiment, it was found, for a given 
degree of swelling and at fixed overall strain , that the 
scattering pattern was solvent dependent (Fig. 7a): 
the standard butterfly pattern appeared only with toluene 
(Fig . 7b). This surprising result show that the strain 
configuration is a result of local chain unfolding and 
is hence sensitive to the solvent. 

Decomposition of the anisotropic spectra using the same 
function (I) yields good fits for PY Ac/toluene (Fig. 8), 
which allow the microscopic Poisson ratio to be determined. 

I (Q)/cm-1 

3.0 ..------.-----,----~---~- -~ 
PVAc toluene an iso2 

--·-···o •G.c, o parallel to compress 

········-• ·· + perpendicular 11 11 -+: •• .., ..,., 
3.0 

er 

3.0 parallel 

3.0 .__ __ _._ ___ .__ __ _,__ ___ _.___.i...___, 

3.0 2.5 2.0 1.5 1.0 0 .5 

- log Q/A. 

Fig. 8: Fits of Eq. I to rhe dara along the parallel 
and perpendicular axes f or a PVAc gel swollen in toluene 
with an axial rario of 0.55. Continuous lines are the dynamic 
componenrs of the spectra in each direction. 
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Fig. 9: Cohere111 scal/ering cros-sec1io11s of 

(a) H -BPA -PC and (/J) percleu1era1ed BPA-PC-(c/1.;). 

The quality of the fits of Eq. I is poorer for the anisotropic 
PDMS ample , stronger scattering being observed in the 
paralle l d irecti on. The discrepancy probably comes fro m a 
different loca l structure introduced by the cross- linking 
mechani m. To all ow a model-independent analy is and 
extract the effective Poisson ratios , these scattering spectra 
must be analysed in terms of their anisotropic density 
correlation functions. 

Determination of the static structure factor 
of amorphous polymers by polarisation analysis 

There is considerable interest in the inve tigation of 
polymer structures at a local ca le, corresponding to higher 
Q values. The main difficulty is the separation of intra- and 
intermolecu lar contribution which play a role near the fir t 
structure factor peak (below about 3 = -I) . 

Spin polari sation ana lys is on D7 was used to determi ne 
the static structure factors of differently deuterated 
polycarbonate samples(]. Eilhard, J. Zirkel. D. Richter and 
0. Scharpf). Only polari . ation analysis enables the 
·eparation of coherent and incoherent scattering 
con tributions [ 11 ]. In combination with the deuteration of 
spec ific m nomeric part correlations of inter- as well as 
intramolecular origin were detected. Fig. 9 shows the 
coherent structure factor mea. ured on fully protonated and 
fully deuterated bi phenol -A-polycarbonate (BPA -PC) . 
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In Fig. 9a the ·'amorphous halo·· at Q = 1.3 = - I can be 
seen. which i the resu lt of correlations between 
neighbouring chains. F ig . 9b shows a second peak 
at 1.9 = -1, corre ponding to intramolecular correlations. 
wherea the inten ity of the halo i trongly reduced. 

Improved computer imu lations on polycarbonates are 
in progress and shou ld reveal the detai ls of the partial 
tructure factors. 

Secretary: Bernhard Frick 
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ILL is finally building its own dedicated neutron 
reflectometer, in addition to the two CRG instruments 
EVA and ADAM. This is a11. ideal opportunity to report 
on 011 interesting aspect of the application of neutron 
reflectometry to polymers. 

Neutron reflectometry at interfaces between 
incompatible polymers 

D.W. Schubert and M. Stamm, 
MPI fiir Polymerforscbung, Mainz, Germany 

Incompatible polymer blends are characteri ed by 
narrow interface and generally exhibit poor mechanical 
properties. evertheles they are important for many 
application [ I 2] and much work ha been done to 
optimi e the e polymer blends in order to design 
material with propertie tailored to specific use. An 
understanding of micro tructures and polymer-polymer 
interaction i , however, till largely lacking. One 
e ential parameter for obtaining good mechanical 
properties i good cohe ion between phases; different 
materials mu t interpenetrate at the interface. This 
interpenetration i of the order of everal nanometers and 
difficult to determine experimentally. For mo t 
incompatible materials, the interface is not very wide and 
typica ll y in the range of I to 20 nm, depending 
on compatibility. This ituation is schematically shown 
in Fig. I. 

lf two incompatible polymer are brought into 
contact with one another, ome interpenetration will 
occur when material are heated above the g las 
tran ition. The interface width increases with time 

polymer 1 polymer 2 

1.0 

0 .8 

q> 06 

0.4 

0.2 01 

0 .0 < ➔ 

z 

Fig. 1: During annealing 011 equilibrium interface is formed 
bern•een rwo i11cv111patible polymers and a particular profile 
fo r the volume fractio11 ~ perpendicular to the interface exists. 
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reaching an equilibrium value a1, which according to 
mean field theory [3 , 4], is determined by th e 
Flory-Huggin interaction parameter x. 
a1 = __1Q_ (1) 

X 

where b i the characterist ic egment le ng th . 
The corre ponding volume fraction profile i given by 

(2) 

Neutron reflectometry (NR) is, in many case , the 
only technique for investigating the interface between 
immi cible polymers with the nece ary accuracy. lt fir t 
provide optimal resolution typically of the order 
of 0 .2 nm for the interface width a1 in the range of 
a1 = I to 20 nm [5]. It can also be applied to virtually all 
polymeric system , provided one component can be 
deuterated to achieve a contrast at the interface. On the 
other hand, it requires a dedicated sample freparation 
where relatively large (typically 5 x 10 cm ) thin film 
have to be deposited on top of each other. Interfacial 
roughne (typically I nm) also limit the re olution in 
ome ea e . Non-uniqueness of data analy is, which 

might be a problem in ome complicated cases fo r the 
application of the technique, is not a problem for the 
analys i of a double layer system (Fig . 2) of two 
incompatible polymer fi lm , since the tarting ituation is 
very well defined. In formation is obtained on both 
interface width a1 and form of the profile q>(z). X-ray 
reflectometry a an alternative technique i largely 

air 

incident 
beam 

reflected beam 

o,....._ _____ __, _____ ---r-

polymer 1 

01 

polymer 2 

02 

substrate 

Fig. 2: Schematics of the neutron reflectio11 experiment 
i11dica1i11g the parameters used i11 the fi ts of experimental 
data as explained in the text. n; are indices of refraction, 
d; thicknesses and <1; and Ot roughness or interfacia/ width 
parameter . respectively. 

'f 
z 
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limited in its application to polymeric systems, since for 
most polymer pairs the contrast at the interface is not 
sufficiently large. 

Analogous to optics, a refractive index can be 
specified for neutrons [5, 6) 

2 
n = 1 - K.. bpn - i l,,__ µn 

27t 47t (3) 

where bpn is the neutron scattering length density 
(b is the scattering length, Pn the particle number 
density), µn the linear absorption coefficient for 
neutrons, and A the wavelength. Note that bpn, and ~. 
are defined for a specific atomic species and that for the 
application to a particular material, the mean values 
involving the macro copic mass density and the mass of 
the monomer must be calculated. Interaction between 
matter and neutrons i generally weak and the refractive 
index n is very close to 1 ( -1 - 10-6). For neutrons 
absorption is negligible in many cases. To illustrate the 
contrast problem, the scattering densities for the neutrons 
of some materials are compiled in Table I. 

It i evident from a comparison of the deuterated and 
protonated materials that a large contrast can be obtained 
for neutrons by deuteration. It should, of course, be 
borne in mind that deuteration also changes 
thermodynamics slightly, although for strongly 
incompatible systems this is usually negligible. Figure 2 
shows a schematic diagram of an NR experiment and 
characteristic parameters which define the refractive 
index profile. 

Compounds Chemical p bpn(H/0) µn(H/D) 
formulas [g cm·3] [1010 cm-2) [cm"1) 

air/vacuum 0 0 0 

PS (CsHs)n 1.03 l .41/6.46 3.9/0.6 

PMMA (C5Hs02)n 1.15 l.06/7.02 4.5/0.6 

PVC (C2H3Cl)n 1.38 1.56/5.76 3.3/0.5 

PBrS (C8H7Br)n 1.57 1.76/5.58 4.0/0.6 

quartz Si02 2.3 4.20 0.2 

silicon Si 2.33 2.15 0.1 

nickel Ni(58Ni) 8.91 9.25 (12.9) 2.6 

gold Au 19.32 4.48 3.3 

Table I : Comparison of characteristic data for the reflection 
of neutrons at interfaces: mass density p, neutron scattering 
length densities bpnfor protonated (H)ldeuterated (D) 
compounds, and linear absorption coefficient for neutrons, µ,, 
(1. = 0.1 nm). The two values in certain columns correspond 
to H- and D-materials, respectively. 
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The reflectivity of a multilayer system is determined 
by the profile of refractive index n assumed to vary only 
in the direction z perpendicular to the interfaces. Error 
functions characteri ed by their variances cr I and cr2, 
respectively, are u ed to describe the roughnesses of the 
interfaces air/polymer 1 and polymer 2/substrate. A 
refractive index profile according to Eq. (2) with the 
characteristic parameter a1 is used between polymer 1 
and polymer 2. The refractive index profile n(z) can be 
approximated by a sequence of thin homogenous layers. 
The reflectivity as a function of the angle of incidence 0 
of such a multilayer system can be calculated [6] using a 
matrix forma lism [7] . A fit to the experimentally 
observed reflectivity curve gives information about the 
refractive index profile. Minimising the deviation 
between experimental and calculated curves yields 
values for interfacial profiles and thicknesses of the 
individual layers with an accuracy of up to 0.1 nm. 

Examples: 

PS/Poly(n-butylmetbacrylate) (PnBMA) 

The temperature dependence of the interface width of 
PS/PnBMA has recently been inve tigated by NR [8]. 
Neutron reflection curves are shown in Fig. 3, together 
with best fits based on a simple two-layer model, where 
parameters as indicated in Fig. 2 are used. 

The PS-film is deuterated to achieve good sensitivity 
for the interface between the two polymer films. Since 
the interface width can be determined with an accuracy 
of ±0.2 nm, the temperature dependence of a1 is resolved 
(Fig. 4) and can be correlated on the basis of Eq. (1) to a 
temperature dependent x-parameter. 

0 .1 

~ :~ 0.01 u 
~ 
Q) 0 .001 a::: 

0 .0001 

0 .00001 
0 .5 e (OJ 1.0 1.5 

Fig. 3: Neutron reflectivity curves of the incompatible 
polymer system PS(D)/PnBMA(H) on a glass substrate showing 
the different interface widths at different annealing 
temperatures. The solid lines represent fits assuming 
an interface width of a1 = 6.4 nm ( 120°C, upper curve) 
and a1 = 8.6 nm after annealing at ( J 56°C, lower curve). 
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Fig. 4: Temperature dependence of the interface width of 
PS/PnBMA as determined by neutron reflection experiments. 

The data agree well with mall-angle neutron 
scattering (SANS)-data from compatible blends of 
PS with a statistical copo lymer of Pn BMA and 
poly(cyclohexylacrylate) of <lifferent compositions (8) . 

PS/poly(styrene-stat-para bromo styrene) (PBr x8) 

The blend ystem of PS and the tati ticaJ copolymer 
poly(styrene-stat-para bromo styrene) was chosen for a 
systematic investigation of the dependence of interface 
width on compatibility, since the compatibility between 
components can be ea ily tuned from completely 
compatible to highly incompatible by a change in the 
degree of bromination x. A systematic study of the 
change of the interface width with the degree of 
bromination has been performed by NR [9) and results 
are shown in Fig. 5. 

At low x the interface width diverges , since the 
system becomes compatible. The functional form is 
fitted by a composition dependent x-parameter, which 
contains the concentration-weighted individual 
segment-segment interaction parameter of components. 
Starting from two weU- eparated films , the egmental 
diffusion across the interface can also be followed [9) 
and detailed power law are obtained. For incompatible 
polymers, an equilibrium interface width is formed at 
large diffu ion time . In blends of such polymer , 
polystyrene is enriched at the urface [ 10), which i a 
consequence of the lower urface energy of thi 
component. This effect may be u ed for a dedicated 
surface modification of thin films, where surface and 
bulk propertie can differ ignificantly and are tailored 
for pecific u e. 

Neutron reflectometry thu provides a powerful 
technique to determine the segment interaction parameter 
X of strongly incompatible polymer y tern also, which 
is otherwi e difficult to obtain. The resolution i good 
enough to resolve details uch as time, molecular weight 
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Fig. 5: Dependence of interface width a1 on the degree 
of bromination x for the blend system PS( D )IPBr ;xS( H). 
By a variation of x the compatibility of this blend system 
changes from compatible (small x) to strongly incompatible 
(Large x), which is also reflected in the interface width. 

or temperature dependences and information on the 
functional form of the interfacial profile may al o be 
obtained. This re earch can thus erve a a basis for 
understanding polymer blends in general. 
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DIRECTORATE 

SERVICE 

Public Relations 

The H.F. R. started up o n 6 January at 10.29 hrs and 

reached full power on 7 January at 2 1.15 hrs. The start-up 

itself created much enthusiasm both inside and outside ILL. 

Outside specialists were astoni shed that the reactor needed 

just 35 ho urs to reach full power, a fact which po ints 

to faultless technica l preparation. 

The countless congratulatory telegrams rece ived from all 

over the world were a clear indicati on of the level of interest 

generated by ILL's " Renaissance" . 

On Friday, 28 April 1995, on the afte rnoon fo llowing 

the Scientific Council Meeting, ILL organi sed a ceremony 

to celebrate the restart of the reactor and of the experimental 

programme. 

Two Nobel Prize winners honoured the ''Renaissance" 

by giv ing lectures. 

• Norman Ramsey: 

"Neutron Spin Reori entat ion Experiments" 

• Cliff Shull : 

"The Earl y Days of Neutron Scattering". 

The ceremony opened with a sketch written by Philippe 

Leconte. To the surp ri se of the audi e nce, three witches 

appeared and deli vered their wishes to ILL. The text of thi s 

sketch is reproduced on page 8 of thi s report. 

The ceremony was followed by a buffet dinner. 

Madame Eli sabeth DUFOURCQ, Ministre charge de la 

Recherche Scientifiq ue, visited the large-sca le sc ienti fic 

install ations in Grenob le on 23 June 1995 . The visit took 

place o nl y a few weeks after the fo rm ation of the new 

gove rnm e nt in Par is a nd revea led Mm e Dufourcq's 
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particular interest in international research . At ILL she was 

welcomed by the Manage me nt and went on to visit the 

re ac tor in o pera ti o n a nd the experimental ha ll s. She 

expressed he r appreciation of the sc ientifi c ac tivit y in 

progress, with many users on the instruments, and gave her 

full support to multinational scienti fie research at ILL. 

Herr Hans ZEHETMAIR, Deputy Mini ste r-Pres ident and 

Mini ster for Educati on, Culture, Science and Art in Bavaria, 

came to ILL on 14 and 15 September 1995 to learn about 

the Institut' s activiti es. He was accompanied by a delegation 

of 10 high- rank ing offic ia ls representing the Uni versities 

of Munich and Bavari an Industry . 

The ILL Director, R. Scherm, ex pl a ined ILL's hi ghl y 

diversified sc ient ifi c ac tivit y, based o n the Hi g h F lu x 

Reacto r, and the wide va ri ety of experime nta l faciliti es . 

R. Scherm pointed out that E urope was at the forefro nt of 

neutron-based resea rch. The ac ti viti es were based on a 

network of complementary neutron sources , each speciali sed 

in the deve lopment of a number of particular disciplines. 

Together with the Hi gh Flux Reac tor at ILL, the nat io na l 

sources played an important role because of the ir g reate r 

flexibility and eas ie r access. In this context, R . Scherm 

ack now ledged espec ia ll y the project to const ruct a new 

reactor, FRM-11 , at Garching near Munich. 

Herr Zehetmair confirmed that FRM-11 would contribute 

to Europe's network of sources by providing comple mentary 

capac ity. In particular, it would open up new possibilities fo r 

appli ed research in mate ri als sc ience and medical therapy. 

Herr Zehetmair reca lled the considerable contribution made 

by Bavarian sc ienti sts to the success of ILL, in particul ar 

Prof. H. Maier-Leibnitz. 
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Collaborating Research 
Groups (CRGsJ 

With the restart of the experimental programme, 

instruments with a special tatus - known as CRGs -
appeared on the cene. The name Collaborating Research 

Group Instrument is new to ILL, but not this type of 

operation. Some CRGs emerged from former S-instruments. 
In addition, due to the reduction of the number of scheduled 

ILL instruments to 25, everal former ILL in truments were 

transformed into CRG' . 

The programme to create CRGs is progressing well. 
The "General Conditions", which have been approved by the 
ILL Steering Committee and form the ba is for specific 
contracts, distinguish between three different kinds 
ofCRGs: 

• CRG-As are in truments which were built by ILL 
and remain the property of ILL. The CRG must maintain 
the instrument in good working order, if necessary upgrade 
it and provide 50% of the beam-time for ILL u e. 

• CRG-Bs are instrument of general interest, 
built and paid for by an outside group. Former ILL 
instrument which have been purchased by 
a CRG come under this category. 30% of the beam-time 
is reque ted for ILL use. 

• CRG-Cs are experiments rather than instruments. 
Only a well-defined group i interested in setting up the 
experiment and in running it. There is little interaction 
between ILL and the e groups, apart for safety matters. 

• The operation of CRG instruments has to be cost­
neutral for ILL. During the time of "ILL use" the CRG 
remains responsible for all technical and safety matters 
and provides a "local contact" service. Recurrent costs 
generated during this time are borne by ILL. 

Specific contracts have been concluded for operating 
instruments: 

CRG-A 
• DI A (for one half of the time) Powder Diffractometer, 
Paul Scherrer Institut, Yillingen/Switzerland 

• IN3Three-Axis Spectrometer, Paul Scherrer Institut, 
Yillingen, Switzerland 

CRG-B 
• D 15 Diffractometer with Lifting Counter purchased 
by CEA Grenoble, France 

• IN 12 Three-Axi Spectrometer, purchased 
by For chungszentrum Jiilich , Germany 

•EVA Evanescent Wave Diffractometer, Bergische 
Universitat Gesamthochschule, Wuppertal/Germany 

CRG-C 
• S-50 h/mn, Physikali eh Technische Bundesanstalt, 
Braun chweig/Germany. 
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Instruments under construction or in the process 
of being commissioned: 

CRG-B 
• D23 Diffractometer with Polarized Neutrons, 
CEA Grenoble/France 
• S20 Topography and Diffractometer, 
CNRS Grenoble/France 

• IN22 Three-Axis Spectrometer with Polarisation 
Analysis, CEA Grenoble/France 

• ADAM (Advanced Diffractometer for the Ana1y is 
of Materials) Reflectometer, Ruhr-Universitat, 
Boch um/Germany 

CRG-C 
• S- 18 Interferometer, Atominstitut, Vienna/ Austria. 

The e I I instruments, 9 of which provide time for ILL 
user , increa e the experimental potential and variety of ILL 
considerably. They are all due to be operational by the end 
of 1996. 

Bruno Dorner 

Scientific Secretary 
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Safety, Radioprotection, 
Medical and Environment 
Group (Health Physics} 

Activities of the "Delegue" 

• CHSCT (Committee for Health, Safety and Working 
Condition ): 
organisation of 5 plenary meetings and 6 building 
inspections. 

• CIS (Internal Safety Committee): 
organisation of a committee for each of the fo llowing 
topics: 

- Condition for use of isobutane gas on the P 
experiment 
- Experimentati on with viruses at EMBL. 

• Acceptance of instruments: examjnation 
of the instrument safety fil es (OSI) of all instruments 
currently in operation. 

• Environment: Supervision of the install ations 
covered by: 

- the ministeri al orders authorising the disposal of liquid 
and gaseous radioacti ve waste, 

- the order of the prefect authori sing the use 
of infrastructure for drawing and di scharging water 
from and into the Ri ver Drac, as well as ground water, 
waste water and rai n water, and preparation 
of the relevant documents. 

• Document management: 

Drafting of a catalogue of the statutory documentation 
(internal and external) currently in force at ILL, 
with a view to incorporating information into 
a speciali sed computer file. 

Safety 

Various measures have been taken as regards safety: 

• Drafting of safety forms fo r the instrument safety fil es 
(OSI). 

• Drafting of prevention plans for work carri ed out 
by ex ternal fi rms. 

• Safety analy is of experiment proposals. 

• Safety tra ining for ILL staff. 

• Organisation of various tatutory inspection 
(pressure ves els, electrical controls, lifting equipment) . 

• Continued renewal of fire alarm equipment 
(outside the reactor building) . 

Radioprotection 

The SPR (Radioprotection Service) has been very closely 
involved in work on restarting the reactor and experimental 
faci lities . In thi area, its most important activ it ies were: 
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• Carrying out radiology checks on the various reactor 
sites to ensure that the radiological situation was 
consistent with the pre-shutdown sta te, 

• Verifyi ng the radiological efficiency of all beam 
hutter connected with neutron di stribution. 

• Carrying out radiology checks on all instruments before 
they were put into normal operation. 

During 1995 , the SPR also res umed its routine tasks 
in line with normal ILL operating conditions, namely: 

• Acti vitie connected with the running of the reactor 
and in truments, 

• hs role in providing assistance, in part icular to the 
experimenters, in the fi e ld of radiological safety, 

• Analy is of experiment proposals from the viewpoint 
of radiologica l safety. 

In addition, the unit has continued its statutory acti vities, 
including: 

• Providing training to ILL staff and, in parti cular, 
visiting researchers, on radioprotection, 

• Inspecting and designating work areas accord ing 
to the ri k of radiation, 

• Monitori ng radioacti ve waste, 

• In peeling the shielding of X-ray tubes and dev ices 
contai ning radioacti ve sources, 

• Radioactive source management, 

• The transport of radioacti ve materi als. 

Finall y, the SPR has perfo rmed hielding ca lculati ons for 
instrument ADAM on beam line H53, and D23 and IN22, 
which are to be installed on beam line H25 . 

Joint Works Medical Service 

In accordance with French Labour Law, the Joint Works 
Medical Serv ice (SMTC) acts as health advisor, providing 
in formation on hygiene, safety and how to adapt to working 
conditions. It is also responsible fo r moni_toring the health 
of indi vidual members of staff at ILL, ESRF a nd EMBL 
in relation to their work activities, as well as looking after 
sick or injured persons throughout the joint site. 

Gerard Rey 
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The great event of the year has c learl y been our return to 
normal operati on. After a gap of almost four years the user 
programme restarted on schedu le on February 27 for the last 
third o f th e fir s t cyc le a nd by th e e nd o f the yea r we 
completed a further fo ur cycles of operation. The detai Is of 
th e use r prog ramm e and sc ie ntifi c hi g hli g ht s fro m the 
different Co lleges are reported e lsewhere. Suffice it to say 
here that the ILL is again looking and fee ling like the ILL 
I kn ew as a use r , bu zz in g with ac ti v it y, id eas, use rs, 
seminars and "joie de vi vre". Thanks to the hard work of all 
the sc ientifi c and technica l staff the instruments came into 
o pe ra tion o n sc he dul e . Th e no min a l profil e o f ILL 
in s trum e nt s is 25 , co mpri s in g 23 full a nd 4 ' ha lf' 
instruments (the diffractometer D4 and triple-axis instrument 
IN I share a beam line and the operati on of two instruments 
is s ha red with outs id e in s tituti o ns : th e bi o log ica l 
diffractometer DB2 I with the European Molec ul ar Bio logy 
Laboratory and the powder diffrac tomete r DI A with the 
Paul Schen-er lnstitut (as a C RG)). One instrument is the 
new thermal time-of-flight spectromete r (IN4) which will 
no t be ope rati o nal until late r in 199 6 but ano ther ne w 
in s trume nt , t he seco nd hi gh-reso luti o n backsca tte rin g 
spectrom ete r (JN 16), w as g radu a lly brou g ht into use r 
operati on during the year. The large microstrip detector fo r 
the hi gh intensity powder diffractomete r D20 (to repl ace 
DI B) is expected to be completed earl y in 1996, after which 
the instrument will be commiss ioned as quickly as poss ible. 

A fte r the lo ng shutd own and the many changes and 
imp rove me nt s, the pe r fo rm a nce a nd re li a bilit y o f th e 
instruments has in general been very good indeed and the 
total time de li vered to users was very c lose to what was 
ori ginall y scheduled : the detail s are g iven later. There were 
however two un fo rtunate excepti ons to the genera ll y good 
news : th e new de tec to r o n th e new sm a ll -a ng le 
di ffractometer D22 fa il ed in June after onl y a brief period of 
operati on and although it has now been repaired by the ILL 
detector group and is awaiting on-line tests, three cyc les of 
operati on were lost. Secondl y, more than a cycle was lost on 
the GAMS spec trometer (PN3) because of problems with the 
target changer. 

The restart of operati ons has also been accompanied by 
th e a rri va l of Coll abo rat in g Resea rch Gro ups (C RG's), 
e ither operating their ow n user instruments or operating ILL 
instruments on lease. By the end of the year, five and a half 
such instruments were operating with at least five more in 
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the pipeline. In additi on to extra sc ientifi c capacity and output, 
the presence of these out side groups brings sc ientifi c and 
technical stimulati on and already appears to be a great success. 

The world has not stood still during our long shutdown 
and further stimulati on and competition is provided no t onl y 
by adva nces in neutro n sca tt e rin g tec hniqu es o n o the r 
sources but also by our neighbour the ESRF. It is the refore 
important to be abl e to report that ILL is continuing its 
traditi on of technica l innovation and deve lopment. The new 
spin-echo spectrometer (JN 15) built as a jo int project with 
HMI Be rlin a nd Fo rsc hun gsze ntrum Ji.ili c h is und e r 
co mmi ss io nin g . T he co ns tru c ti o n of th e ne w y-ray 
s pec trome te r GAMS-Y (a n additi o n to PN 3) has bee n 
co mpl e te d o n sc he dul e a nd und e r bud ge t, a nd 
commi ss ioning has begun. Two development projects which 
hav e bee n unde r way for se ve ra l yea rs have reac hed 
s uccess ful mil es to nes . Firs t , equipme nt fo r p rodu c in g 
3He lium polari s ing filt e rs is unde r constru ctio n a nd the 
filters will be tested in 1996 on two instruments. Secondl y, a 
prot o ty pe qu as i-La ue d e tec tor (LAD]) for p ro te in 
crystallography has been constructed and tests on a vari ety 
of crystals have begun and will continue through 1996 with 
the a im o f reac hin g a definite c on c lu s io n a bout th e 
effecti veness of thi s technique befo re the end of the year. 
Las tl y but very importantly , the Steering Committee has 
approved, fo llowing strong endorsement by the Scientifi c 
Counc il , a programme of new instrument projects extending 
over the next five years . These are the stra ightening and 
rebuilding of two guides and the movement of D 17 and D 16 
so as to g ive these in strume nts, toge the r w ith INS , end 
positi ons view ing the whole of a guide; the conve rsio n of 
D 17 to a dedicated re fl ectometer; the upgrade of D 16, INS . 
04 and IN 8. In all cases the potenti al improvement is at least 
an order o f mag nitude compared to curre nt performa nce. 
Thi s is a highl y cost-effecti ve programme and , w ith ILL ' s 
reduced manpower, a challeng ing one but we are confident 
of ac hi ev ing it - g iven continued fundin g. In conc lu sio n 
the refore the sc ienti fic prospects fo r 1996 are exce ll ent -
a full user programme, a growing C RG ac ti vity and exc iting 
new projec ts. 

Alan Leadbetter 
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Members 

Scientific Coordination 

Brigitte Aubert 
Herma Biittner 
Diana Dijoux 
Katja Mayer-Jenkins 

Joint ESRFIILL Library 

Maryvonne Alexandre (ILL) 
Christine Castets (ILL) 
Maria Da Silva (ESRF) 
Yirginie Teissier (ESRF) 

Scientific Coordination Office 
(SCOJ 
Workshops 

The Scientific Coordination Office was involved 
in the organisation of the following workshops: 

Workshop 

New Tools for 
Neutron Instrumentation 
Les Houches, 6-9 June 95 

Quantum Atomic and 
Molecular Tunnelling 
in Solids 
Seyssins, 4-7 October 95 

Organisers 

F. Tasset, ILL 
H.G. Biittner, ILL 

F. Fillaux, CNRS 
H.G. Biittner, ILL 
G. Kearley, ILL 
J. Meinnel , Rennes 

Statistics of the Scientific Programme 

The reactor restarted on the 6th of January 1995. After 
several weeks of reactor tests, safety checks and 
commissioning of instruments the ILL welcomed the first 
users on the 27th of February. It was even possible to 
accommodate the 'Hercules' course at the end of the first 
cycle. There are many new safety features and operational 
procedure and this year we all, users and ILL staff, had to 
get used to the procedures. 

In 1995 the ILL welcomed some J 500 visitors , 
70% coming from the member countries (386 French , 
354 German and 331 British). 

The Scientific Council of October 1994 had allocated 
115 days and a further 84 days could be allocated in April 
1995, i.e. about 200 days beam time were allocated in I 995 . 
Figure I shows the beam-time request and allocation by 
instrument for the year 1995. The backscattering instrument 
IN16 started to accept users during its commissioning period 
in summer 1995. Several CRG instruments became 
operational and therefore ILL users also received beam time 
on DIA, D15, EVA, IN3, IN12 in the second half of 1995, 
allocated by the Scientific Council in April 1995. 

112 

Unfortunately, D22 had to be taken out of user operation 
for the last three cycles of the year because of a breakdown 
of the new multidetector. A sample changer problem also 
stopped PN3 for more than a cycle. The full statistics are 
given in table I which summarises the performance of all the 
scheduled instruments. Overall about 600 days of the total 
available beam-time was lost due to various malfunctions. 
However, most of this time was not lost to users because 
time for minor breakdowns , tests, calibrations and 
scheduling difficulties is normally allowed for by initially 
scheduling about 80% of the total available beam-time. 
The result is that the total number of days delivered to users 
was 3397 compared with the 3467 originally scheduled -
a loss of 70 days (this excludes the 3 cycles for which D22 
was taken out of operation). 
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Fig. 1: Beam-rime request and allocation 
on the instruments in 1995. 

lnatr. ...... • oat %lost 9C"91U. u.v-. 

O1A 14 13,5% 86 
O1B 9 4,8% 153 
D2B 9 4,8% 153 
03 12 6,4% 146 
04 16 15,7% 87 
07 6,5 3,5% 168 
09 15 8,0% 154 
010 17,9 9,5% t62 
011 16 8,5% 127 
018 17,5 9,3% 135 
017 4 2,1% 127 
019 17 9,0% 150 
0821 9 4,8% 131 
022 152,5 81 ,1% 52 

IN1 2,8 3,3% 58 
INS 20,2 10,7% 150 
INS 16,5 8,8% 149 
INS 7,3 3,9% 151 
IN10 12,15 6,5% 142 
IN1 1 15,5 8,2% 156 
IN14 31,5 16,8% 154 
IN16 9 9,8% 28 
IN20 29,5 15,7% 129 

PF1 58,5 31 ,1% 185 
PF2 12 6,4% . 
PN1 15,7 8,4% 175 
PN3 68,5 35,4% 163 

total 612,55 3467 

Table 1: Performance of instruments. 

..-Y•used lnatr. 

100 O1A 
152 O1B 
155 02B 
140 03 
73,5 04 
175 07 
162 UH 

147 010 
121 011 
130 018 
153 017 
170 019 
153 0B21 
20 022 

70,5 IN1 
136,5 INS 
158 INS 
180 INS 

157,25 IN10 
158 IN11 
134 IN14 
38 IN18 
134 IN20 

127 PF1 . PF2 
164,5 PN1 
107,5 PN3 

3396,75 total 

* PF2 consists of several long-term experiments so comparison 
of days scheduled and used is not meaningful. 
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The dis tributi on of bea m-tim e amongs t the coll eges 
is shown in Figure 2. 

Table 2 shows the beam-time request and allocation for 
ILL' member countri es and the pi e-ch art in Fi gure 3 
illu strates the beam-time allocation in percent for 1995 
(scientific council October 1994 and scientific council April 
1995). The same principle as described in last year's annual 
report was used as basis for the statistical breakdown. Italy 
is cited amongst ILL's member countries, since it receives 
beam time as a result of specific instrument contracts. 

College 8 
11 % 

College 7 l--------'=-

6% 

College 6 
10% 

College 5 
33% 

College 4 
14% 

Fig. 2: Beam-time allocation amongst the colleges in 1995. 

Beam-time request and allocation 
Scientific Council Oct. 94 & April 95 

IU Member Countries 
ea- -- --1n .. Mo-.!- Alo-.!ln'11, 

AUT 185,11 1,9"' 87 ,5 2,211. 
OI 508,8 5,211. 198,5 5,0% 
D 3408,7 35,211. 1324,8 33,4% 
E 308,3 3,211. 118,4 2,5% 
F 24011,4 24,11% 1050,9 28,8% 
ITA 145,5 1,5% 48,0 1,211. 
U( 2721,8 28,1% 1151,9 29,1% 

Total 9882 2 100 0% 3957 8 100 0% 

Table 2: Requested and allocated beam-time amongst the ILL 
member countries for 1995. 

UK 
29,1 % 

1,2 % 

Beam-time allocation 

AUT CH 
2,2 % 5 % 

F 
26,6 % 

E 
2,5 % 

D 
33,4 % 

Fig. 3: Beam-time allocation amongst the ILL member countries 
for 1995 (SC Oct. '94 + SC Apr. '95). 
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Joint ILL-ESRF Library 

Librarian: Christine Castets 

During this year, further progress was made in the service 
given to users, in particular as regard s the consultation 
possibilities in the library: 

• A client-server version of the library software was 
implemented on a speci al consultation post in the library 
allowing user friendly consultation of the library catalogues 
(books, ILL and ESRF publications). 

• Hi ghl y apprec iated , the CD-ROM station ' libre 
service' is now widely used and a second stand-alone station 
equipped with two towers of 7 readers each was installed 
beginning 1995. This brings to 26 the total number of di scs 
loaded permanently a llowing to search major sc ientifi c 
databases as 

- INSPEC 
- Medline 
- Science Citation Index 

• Current Contents on Diskette with Abstracts (Physical, 
Chemical and Earth Science) is still loaded on the Appletalk 
network and can be searched from scientists ' offices and, 
since 1995, from a consultation post in the library. 

Improvements are s till needed to the fac iliti es fo r 
consultation from scientists' offi ces of the library catalogues 
(thi is in progress) and of the databases on CD-ROM (thi s 
is more diffic ult to undertake as regards technical , personnel 
and fi nancial implications). 

This year was also the year of the Internet which came 
into force in all areas of library science. 

The library used some [nternet services as 

• Electronic version of sc ientific journals as Phys ical 
Review Letters online, Applied Phys ics Letters online, free 
of charge in 1995 for subscribers to paper copy 

• Elec tro ni c ve rs ion o f ca ta log ues o f publi she rs, 
libraries, booksellers 

• Electronic preprints in full text available from many 
research institutes 

This use will certainly increase in the next years. 

Concerning the day-to-day library work, in 1995: 

• 900 books were processed 

- 300 fo r ESRF Departments or Divisions (275 in 1994) 

- 150 for ILL Departments or Divisions (140 in 1994) 

- 450 for the Joint Library (same as in 1993) 

• 800 volumes were bound (650 in 1994) 
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In addition, a lot of time had to be spent on the library 
management oftware and it is now clear that thi s item will 
always be time consuming, which we did not know before. 

The high increase in journal costs led us to discontinue 
some s ubscriptions in 1995. The deci sions were made in 
agreement with the Users' Committee. 

Allocation of literature costs 

Accordin g to the ag reement on " the Operation and 
Maintenance of a Joint ILL-ESRF Library" all library costs 
are shared equall y by the two Institutes. The estimate of 
expenditure at 1.1 1.1995 was about I 560 KFF excl. taxes 
which gives for the ILL share a cost of 780 KFF, excl. taxes. 

Allocation of literature cost 

Journals + CD-Roms 
82,5% 
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Publications 

The number of publications from ILL staff and users 
remained at a low leve l, not exceeding 250 . Results of 
experiments performed in 1995 were not yet published and 
scienti ts were very bu y thi s year with the starting of the 
experimental program. 
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Publications received in 1995 by subject: 
I - Instruments and Methods 
2 -Theory 
3 - Fundamental and Nuclear Physics 
4 - Structural and Magnetic Excitations 
Sa - Crystallographic Structures 
Sb - Magnetic Structures 

6 7 

6 - Structure and Dynamics of Liquids and Glasses 
7 - Materi al Science, Surfaces and Spectroscopy 
8 - Biology 

8 9 

9 - Structure and Dynamics of Soft -Condensed Matter 

Herma BUttner 



-0S- SCIENTIFIC COMPUTING 

Scientific Computing 

Members of the Group 
Alain Filhol 
Ron Ghosh 
Don Kearley 
Christian Lacaille-Desse 
Beatrice Nicolai (Thesis student) 
Didier Richard 
Steven Fayers (Long-term stagiaire, Univ. Surrey) 

Visitors 

A. Navarro (Univ. Jaen), K. Knowles (ISIS), M. eumann 
(Univ. Grenoble), Y. Raoul (interim), R. Joufrey (interim) 

Introduction 

The scientific computing group was formed during the 
reactor shutdown, and 1995 was the first year for the group 
under normal operating conditions. At the time of the restart, 
some groups at ILL were using exclusively U IX systems 
for data reduction and analysis whilst others were ei ther 
using exc lu sively VMS o r a t some intermediate stage 
between the two. Given this mixed sy tern, changes in data 
format, and software which was used in-action for the first 
time , the start -up was an exciting time for the enti re 
scientific computing group. 

It has been easy to attract students and trainees to work 
on specific projects for the group on a temporary basis. Not 
only do they help reduce the general workload, but they also 
have a fresh outlook and bring new ideas. Because our group 
is small, they integrate rapidly and their contributions make 
a ignificant impact on the output of the group as a whole. 

Development of Hardware 

Since the group was formed , it has been our policy to 
concentrate mainly on the systems most commonly used at 
the ILL. At present we test and develop software mainly 
under UNIX (HP and SGI),and Macintosh. Next year we 
hope to include PC and DEC Alpha which are targeted more 
at visitors than ILL scientists. The workstations which the 
group uses for development are now shared (v ia network 
access) with users who have specific hardware or software 
requirements which , for various reasons , are not available 
within their instrument group. In addition , we provide two 
basic workstations and some special-purpose peripheral s for 
semi self-service use. 

Development of Software 

The small ang le neu tron scatteri ng (SANS) programs 
have been complete ly overhauled with the a id of 
K. Knowles (ISIS) and a student doing an " industrial year". 
This project has followed the principle of using standard 
transportable programs, enhanced by the use of graphical 
user interfaces (GUI) built with public domain software 
(Tk/Tcl) (see Figure I, page 159). 

Similarly, PGPLOT (a public domain plotting library) is 
available for all common platforms at the ILL, and has 
become the basis for simple plotting throughout the Science 
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Division. 

The LAMP project, which offers a very high level for 
data inspection and analysis, has matured into a popular 
standard on many instruments. In contrast to the SANS 
project above, the principle here is to use the best available 
commercial product to develop powerful in-house software 
at low cost in man-power. Nevertheless , LAMP can be 
exported to those who ha ve a licence to run IDL 
(the language used by LAMP), and versions already exist at 
HMI (Berlin), IPNS (Argonne) and Juli ch. Much of our 
recent effort has been in developing interfaces which allow 
simple insta ll ation for various data-types and data-bases 
found at different institutes. 

Many existing programs fo r the TOF/HR and TAS 
groups have been constantly modified , improved and 
documented since the reactor s tart- up . Many of the 
Macintosh programs now have native code to fully exploit 
the Power/PC, which is becoming a de facto standard 
at the ILL. 

Data 

The change to ASCII data format has simplified many 
aspects of accessi ng raw data, and treated data too is now 
principally stored in text form. Internal annotation of data i 
also increasing since this is straightforward for ASCII files. 
A data-base brow ser, TOUCH_BASE, has been written 
in IDL and incorporates LAMP (see Figure. 2, page 160). 
Thi s allows data-bases to be scanned via snap- shots of 
the data themse lves viewed as surfaces, contours etc., with 
automatic restore into a lamp "work-area" if desired. 

Participation at Workshops 

Software developed by the group was presented at the 
" New Tools For Neutron Instrumentation" workshop at Les 
Houches and resulted in other institutes becoming interested 
in ILL software. The gro up a lso participated in the 
"Soft Ness" meeting at NIST in the USA to assist with the 
definition of a standardised data format. As a result , 
converters to and from an intermediate HOF format 
(a standardised interchange format for treated data) are now 
being studied . 

The group has also collaborated with the ESRF in 
organising an international workshop to examine new 
developments in better user-group software (NOBUGS) . 
This will take place in early 1996 and it is hoped that this 
will lead to better ties between computing group s in 
different centres. 

Documentation 

The WWW overview of computing for science at ILL 
has evolved during the year into a repository of general 
information of facilities, data treatment , data formats and 
programming aids. The use of hypertext for documentation 
within the ILL has started, and there is little doubt that with 
the new tools for creating hypertext , thi s form of 
documentation will increa e. 

Gordon Kearley 
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Nuclear and Fundamental 
Physics (NFPJ Group 
PN I Fission product separator LOHENGRIN on beam 

tube H9 (H.R. Faust, G. Fiorti, I. Gartshore) 

PN3 Curved and flat-crystal spectrometers GAMS2/3, 
GAMS4, GAMS5 (project) on the through-tube 
H6-H7 (H. Borner, T. Eaton (part-time), 
U. Mayerhofer (part-time), A. Williams, R. Oliver) 

PFI Cold polarized neutron beam PARSIFAL 
at the end position of guide H53 
(U. Mayerhofer (part-time), V. esvizhevsky, 
0. Zimmer, A. Trouillon) 

PF2 Ultra-cold neutron source and di tribution system 
on level D using the vertical guide from the cold 
source and neutron turbine 
(W. Drexel , P. Geltenbort, H. Just) 

PNl Fission product separator 

The spectrometer, which underwent major modifications 
during the reactor shutdown period, was fully tested and 
brought back into normal operation. A particular effort was 
necessary to stabilize the electric field; everal insulators, 
a H. V. connector and a full resistor chain needed to be 
replaced. Part of the H.Y . stabilization chain also had 
to be modified. The e units, which now constitute the older 
and weaker part of the spectrometer, will be completely 
replaced in 1996, when a new PC-computer driven system 
will be available. A new reference voltage unit to control the 
first magnet was in ta iled and everal other electronics units 
were replaced and tested. 

To operate the PNl detectors (high-resolution ionization 
chamber ), a completely new ga supply system - compliant 
with new safety regulation - wa designed and installed. 
Now the alternative use of two different gases is possible, 
providing the u ers with an increa ed flexibility to satisfy 
the most varied experimental needs. 

The new PC-based multiparameter 8-ADCs data 
acquisition system (by FAST-Electronics, Munich -
Germany) was installed and uccessfully u ed in most of the 
experiments. The data can be transferred by FTP to any ILL 
computer for further analysis. A completely new set of data 
analysis programs was developed on UNIX workstations 
(ILL Scientific Computing Group, using the IDL library, 
with help of T. Friedrich , PN I thesis student). Very 
accurate and fast data analysis is now possible for nuclear 
fission experiments. In this context, a new HP 712/80 
workstation (known as "Wendy") and severeaJ X-Terrrtinals 
were instaJled. The programs provide the following features: 
coloured scatterplots, cut and projections along all axe , one-
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dimensional gaussian fits (up to 5), parameter fixing while 
fitting, background treatment (gau sian background), error 
analysis of the fit, Motif look and feel. 

The program was designed for fission yield analysi but 
may also prove interesti ng for other groups that have to 
analyse two-dimensional pectra. 

The ion-optical characteristics of the improved 
spectrometer were determined, confirrrting the calculations 
carried out for the RED (Reverse Energy Dispersive)­
magnet. Only a shift of about 6 cm in the position of 
the focal point in beam direction was observed (Fig. I). 
Thi s was probably due to an imperfect knowledge of the 
previous focal position and was easily corrected with 
an adaptation piece. 

In addition, the new ionization chamber to be used 
in correlation with the RED-magnet was tested and the 
preliminary results on the determination of the fission­
fragment incorrting angle were very ati fying (Fig. 2). 

PN3 Gamma ray spectrometers 

The double flat-crystal spectrometer GAMS4 (NIST-ILL 
collaboration) was re-installed on level C of the reactor. 
The new anti-vibration ystems furnished by NIST, and 
ome additional improvements to the damping of the 
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Fig. I : Measured trajectories near the calculated focal position 
of the RED magnet for heavy ions passing through different 
shullers placed along the energy dispersion direction of the 
parabola of the Lohengrin spectrometer. Each point corresponds 
to the peak position of the beam measured with a position sensitive 
detector and the error bars correspond to the FWHM of the 
particle distribution. While the beam size is in perfect agreement 
with the calculations, a shift of abow 6 cm is observed and it is 
probably due to a displacement of the original focal point caused 
by a modification of the Condenser fringing field. 
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Fig. 2: Drift-time difference between signals from the two parts 
of the anode of the new ionisation chamber for PNJ for ions 
coming from different shu11ers placed along the energy dispersion 
direction of the parabola of the Lohengrin spectrometer. 
it is evident how the trajectories of ions coming f rom diffe rent 
shullers can be determined by measuring the drift time; this will 
enable the determina tion of the ion nuclear charge by the M-£ 
method together with the benefit of an increase of a factor 
of seven in the particle density due to the RED magnet. 

spectrometer, resulted in an improvement in the o-called 
"excess width", e .g. the instrumental contribution to the 
resolution as predicted by dynamical diffraction theory (Fig. 3). 

On the bent-crys ta l spectrome ter GAMS23 the old 
Michelson interferometers were completely replaced by two­
frequency laser interferometers. Heterodyne interferometers 
are used with two diffe rent fr equencie s, with linear 
polarisation, orthogonal to each other. The recombined laser 
beam produces beats with a frequency of about 1.8 MHz. 
Th e ph ase o f the e bea ts meas ured with re spec t to a 
reference signal depends on changes in the optical path 
length in the interfe rometer. These phase changes can be 
determined with very high prec ision. This permits a more 
accurate and reliable determination of the rotation angle of 
the crystals and thus a more reli able measurement of the 
gamma- ray e nerg ies. Thi s meas ure also goes toward s 
stand ari sa ti o n of the co mpone nt s of the three c ry s ta l 
spectrometers GAMS23, GAMS4 and the new GAMS5 . 

The con truction of the new GAMS5 instrument has 
been taken to a point where te. t run with the instrument in a 
double fl at-c rystal configuration are poss ible. These tests 
should elucidate the fi nal performance of the spectrometer as 
regards the precision which can be achieved. Tests of the 
interferom eters with respect to the phase non- linearity 
(re lati ve ang le between two interfe rence frin ges) have 
already been carri ed out very successfully using a pressure 
cell in one of the interferometer arms. Measurements using 
y-transitions in different refl ection orders should now yield 
the final parameters concerning the ca libration constants of 
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Fig. 3: Theoretical (dashed line) and experimental response 
f unction, obtained for a 472 keV transition in non-dispersive mode. 
The fined response f unction is obtaind by fo lding the theoretical 
one, obtained f rom dynamical diffraction theory, with a gaussian 
distribution width ("excess-width ") of L1E/£ = l. 3·10·6. This is also 
the current limit which can be achieved for the resolving power. 

the instrument as well as their reproducibility. The next and 
fin al step will then be to equip the pectrometer with bent 
crystals. 

PFl Cold polarised beam facility 

1995 saw the in a ug ura ti o n of PFl as a sc he dul ed 
instrument with two experiments devoted to neutron decay 
(see "Scientific highlights in College 3"). 

Due to some changes in the H53 beam line during the 
reactor shutdown, a decrease in neutron capture flux at the 
PFI position compared to it previous value of 10 10 cm-2s- 1 

was expected. A new measurement gave the present value 
of 7.4-I 09 cm-2s-1. 

Severe background probl e ms at the beginnin g were 
solved by the reconstruction of the main beam shutter of 
PF l , as well as by careful shielding of the neutron polariser 
in the casemate. 

The polariser is mounted in it lead housing such that it 
can be adjusted ex tern all y by means of ste pping motors 
dri ve n by a PC with a pro g ram in Vi s ua l Bas ic 
( A. Trouillon ) . The pol a ri ser c an be di s placed in a 
reprodu cible manner whic h a llow for quic k witching 
between the polari sed and the unpolarised beam. Presently a 
supermirror polari er of 0 . Scharpf is used, which allows for 
a beam size of 46 mm in height and 33 mm in width . Its 
polarising efficiency was measured to be about 98%. 

During the setting- up of the " PERKEO" expe riment 
(see "Scientific highlights in College 3"), a set of magneti c 
guide fi e lds were co ns tru c ted to ma inta in the ne ut ro n 
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polarisation between polariser and spectrometer. With their 
different sizes they are well adapted to the varying 
circumstances at PF 1 

A number of simple current-sheet spin flippers proved to 
be rather inefficient for the full polarised beam size and were 
improved to produce in a flipping efficiency of about 99.5%. 

A general problem encountered for most of the 
experiments scheduled for PFl up to now (i.e. all 
experiments which investigate corre lation coefficients in 
polarised neutron decay) is, that a knowledge of the neutron 
beam polarisation is required to a precision of a few parts in 
a thousand. Unfortunately the polarising efficiency of a 
superrnirror polariser is not known a priori and can only be 
determined by a rather complicated measuring procedure 
involving three supermirror polarisers together with several 
sp in flippers. A compact device to fulfill this task was 
recently bought by ILL from Gatchina and tested over the 
last few weeks. This device consists of two sputtered 
supermirror polarisers (cross-section 5 mm high, 50 mm 
wide), which are rigidly mounted onto a support, together 
with an intermediate neutron guide section and two radio 
frequency spin flippers . The whole unit can be rotated to 
change the position of the two analysing polarisers in the 
beam (which allows partial self-consistency checks within 
the method) . Systematic investigations turned out to be 
rather promising: preliminary results indicate the analysing 
accuracy of the device to be below 2· l o-3, see Fig. 4. 

P, A(%) p 
B (%) 

99 0.8 

98 

97 0 .4 
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Fig. 4: The results of polarisation measurements with two 
different analysing devices ( one is the mirror image of the other). 
P - Uangular distribution of beam polarisation (the angle 
is measured between the beam axis and the analysing device). 
A - ~f the analysing efficiency of these devices 
(as measured in this experiment). 
B - ,f the probability of spin flip at the supermirrors of the analyser. 
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PF2 Very cold and ultracold neutron source 

Constant efforts are being made to improve the 
infrastructure at the PF2 installations on level D. Oil­
containing vacuum pumps on the turbine - to minimise oil 
contaminations within the turbine house and on the neutron 
reflection blades - have been replaced. Furthermore, on all 
ex it tubes from the turbine which feed the different 
experimental installations, thin Al windows have been 
installed to separate the experiment from the turbine itself. 
The experiments are automatical ly controlled and in case of 
any irregularities the valves to the turbine are closed 
immediately. On the turbine itself all bearings and the 
universal joint have been replaced and should now run as 
long and as reliably as before. 

A VCN-bender has been constructed and successfully 
tested. Its schematic layout is shown in Fig. 5. This set-up 
allows - if required - a more efficient use of the UCN beam 
which bypasses the turbine. This device was described in 
last year's report. The transmitted wavelength band peaks 
around 60 Angstroem and its brightness is shown in Fig. 6. 
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Fig. 5: Principal layout of the new VCN exit port ('V-rube'). 
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Fig. 6: Brightness of the neutron beam after passing through 
the new bender at the position of the highest flux. The TOF 
data set (TOF3 ') has been corrected for detector efficiency 
and absorption losses in air and He (see text). 
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At the reflected YCN beam an interferometer has been 
installed in collaboration with the University of Innsbruck. 
The VCN interferometer, which has been redesigned during 
the long shutdown , consi ts of three quartz plates with 
etched phase gratings with 500 lines per mm. They can be 
separated by a di stance of up to 2 m, thus allowing to build a 
Mach-Zehnder interferometer for neutrons with an overall 
length of up to 4 m. 

The EDM col laboration (University of Sussex , RAL, 
ILL , Harvard, Universi ty of Washington) has completed 
most of the significant change to the hardware of the 
experiment and is now once again on the verge of taking 
data. To ummarise, a new large storage cell machined in 
Russ ia from a single fused quartz boule, has been installed. 
This provides a cell suitable for containing both the ultracold 
neutrons and the polarised mercury atoms from the 
magnetometer, whi lst acting as an excellent insu lator for the 
applied high voltage. A new set of HY electrode , designed 
and built at RAL, ha also been in tailed. It is hoped to apply 
up to 250 kV without breakdown. A technique to coat the 
electrode with Teflon has also been developed. Teflon has a 
considerably higher Fermi potential than aluminium and is 
thus better able to contain the neutrons . The PCbased data 
aquisition system written using the LabYiew software 
package has been considerably upgraded. It is believed that, 
with all the e efforts, systematic errors can be reduced to a 
point where they will contribute only about 2 x I 0-27 e cm to 
the uncertainty of the measurement of the neutron EDM. 
Several years' running will be needed before the statistical 
uncertainty can be reduced to a comparable level. 

At another UCN beam position an experiment has been 
se t up , in conjunction with colleagues from the RRC 
Kurchatov Institute , Moscow, to determine the neutron 
lifetime by storaging UC s and simultaneously detecting 
inelastically scattered neutrons. The set-up consi ts of two 
storage vessels made of aluminium, which are coated with a 
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thin layer of Fomblin oil to reduce the lo se of UC s when 
interacting with the walls . The ve seI are surrounded by 
24 thermal neutron detectors to determine the number of 
upscattered neutrons experimentally. Mea urements were 
carried out for different ratios of storage volumes to wal 1 

area and different temperatures. Both a group from the RRC 
Kurchatov Institute and a PNPI Gatchina/JINR Dubna 
collaboration have performed independent experiments 
aimed at a better understanding of the unomaious losses of 
UCNs when interacting with material walls (see AR 1993). 
Finally, a group from the University of Heidelberg ha set­
up two experiments on a UC beam . The first looks for 
anomalous spin precess ion , the second tudies coherent 
effects with neutrons in disordered media. 

CRG C: Determination of h/mn (PTB) 

The main objective of the work done in 1995 
concerned a systematic experimental tudy of possi ble 
sources of error. After the long shutdown , the instrument 
had first to be repaired and readjusted. First measurements 
were then devoted to studie of reproducibility and very 
good agreement was obtained with respect to the data taken 
before shutdown. Then a new very pure Si-crystal was 
installed (to determine precisely the wavelength of the 
neutrons), as the one previously used contained a rather high 
carbon concentration which meant that the lattice constant 
was smaller than usual (relative difference : 2 .8 x 10-7). 

Before a final evaluation of h/m 0 can be carried out for the 
measurements with the new crystal, its lattice constant ha to 
be determined with high precision. This will be done in early 
1996 at the PTB . A preliminary analy is led to the results 
expected for a pure Silicon crystal. 

Hans Borner 
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Diffraction (DIFJ Group 

D l A High Resolution 2-Axis Diffractometer 
(1/2 CRG - A .W. Hewat, F. Fauth, 
P. Cross, Ph. Decarpentrie) 

DI B High Efficiency PSD Diffractometer 
(Future CRG - B. Ouladdiaf, C. Ritter, 
K. Ben sa·1dane) 

D2B High Resolution Powder Diffractometer 
(P. Radaelli, E. Suard, P. Cross) 

D3 Polarized neutron diffractometer 
(E. Lelievre-Berna, F. Tas et, 
E. Bourgeat-Lami) 

CR YOP AD Cryogenic Polarization Analysis Device 
(F. Tasset, P.J. Brown, E. Bourgeat-Lami) 

D4 Disordered Materials and Liquids 
Diffractometer (H. Fischer, P. Palleau) 

D9 

DI0 

DIS 

DI9 

D20 

Four-circle diffractometer 
(C. Ritter, M.-T. Fernandez-Diaz, J. Archer) 

Four-circle 3-Axi Diffractometer 
(G . McIntyre, B. Ouladdiaf, G. Schmidt) 

Two-Axis Diffractometer with Lifting 
Counter (CRG - P. Burlet, F. Bourdarot. 
J. Brown, B. Vettard) 

High-flux single crystal multidetector 
diffractometer (S.A. Mason, P. Langan, 
J. Archer) 

High-flux multidetector 
(P. Convert, Th. Hansen, J. Torregrossa) 

1995 saw the return of normal operation of all instruments 
with the re tart of the ILL reactor. DI A after its return from 
Saclay was upgraded with 25 new collimators, detectors, 
pre-amplifier electronics, pyrolytic graphite filter, tre s 
goniometer etc. and serve half time as a Swiss CRG. DI B 
continued as a fully scheduled instrument awaiting the 
completion of D20, when it will become a CNRS CRG. 
D2B received a new monochromator, pyrolytic graphite and 
beryllium filters, and collimation systems. D3 started its 
conversion to Unix control. D4 prepared for the D4c project. 
D9 improved it ample environment. D 10 was converted to 
Unix control, with a Silicon Graphic computer replacing 
the DEC Vax . D 15 became a CRG, owned and operated 
by the CENG. DI9 cured some problems with its old PSD 
detector while awaiting its new detector. And D20 finally 
appeared to be approaching completion ! All of these 
instruments (exce pt D20 ), while being modified 
and improved, continued to support a full work load 
of experiments. 
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Problems remain with many instruments. On DI AID I B 
40% of the beam is lo t due to a defect that has developed in 
the thermal guide (to be corrected in March 1996) . 
A new monochromator for DI A will be constructed using 
the old D2B monochromator. The DI B pre-amplifier are 
noisy and mu t be replaced. D3 needs a new cryomagnet to 
ensure that the instrument will not be disabled if its 20+ year 
old cryomagnet fail (but we cannot afford thi in 1996). 
D4 ha a project for a new detector to make full use of the 
available beam, and a prototype will be built in 1996 if we 
can find extra money and manpower. D9 need new 
cryomagnet hardware to compensate for the los of D 15 . 
DI O will hopefully have a small 2D position ensitive 
detector in 1996. Dl9 await the larger position sensitive 
detector that was ordered from CERCA in 1990, and will 
hopefully be finished by ILL in I 996 . And D20 is still 
waiting for its large PSD detector (which is now almost 
complete). ln 1996 several more instruments will be 
converted to new VME electronic and control by Silicon 
Graphics UNIX computers, which are already used for data 
reduction on all diffractometers. 

DIA High Resolution Powder Diffractometer 
on thermal guide H23 

A major improvement to DI A was completed in I 995 
with the replacement of the old I 0-detector bank by a new 
bank of 25 detectors and collimators covering 150° (Fig. I, 
page 160). This increases the efficiency of the machine to 
250% and means that a full diffraction pattern can be obtained 
with a single short scan of 6°. The quality of the diffraction 
pattern is identical to that obtained with the old detector bank. 

With 25 detectors , the pre-amplifier electronics were 
replaced by the new ILL design, which i much le 
sensitive to electronic noi e. Tests with electric drills and 
over-head crane operation produced no noise in the detector 
chain - a big improvement over the old electronics. 

A pyrolytic graphite filter was provided by the PSI CRG­
partner, o that a very clean 2.9A beam can now be obtained 
with little loss of intensity. This is important for 
measurement on magnetic materials , zeolite and other 
structures with large d-spacings. The temporary replacement 
of the monochrornator broken at Saclay gives a clean profile, 
but the beam is poorly focussed. Early in 1996 we will 
produce a new monochromator using material from the old 
D28 monochromator, which is adequate for DIA resolution: 
this will provide better focussing for small amples, but also 
more inten ity, since the whole height of the guide tube will 
be used. 

A econd major developement on DI A wa the 
installation of a heavy duty XYZ-translator for neutron strain 
scanning (Fig. 2, page 160). The stress/strain option on DI A 
will be further developed in 1996 with new VME electronics 
and Unix computer control of the XYZ-tran lator a well as 
the detector and monochromator. A small position sensi tive 
detector will be installed to peed up data collection for such 
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experiments . Robert Wimpory , a Ph.D. st udent from 
Loughborough is working on stre , and has been assisted by 
Terry Eaton and of course Peter Cross. Early in 1996, an 
EU-HCM fellow will finally arrive to further develop stre s 
measurements on DlA . The plenary meeting of the 
international V AMAS meeting on neutron strai n scanning 
will be hosted at lLL in January. 

DlB High Efficiency PSD Powder Diffractometer 
on thermal guide H23 

After the reactor restart, DI B continues to be in a very 
high demand . In 1995 , 63 cheduled experiments were 
carried out successfully. A variety of interesting experiments 
were performed . Besides the standard experiment using the 
normal cryostat and furnace, everal studies in the mK range 
using a dilution cryostat and in the high temperature range 
( 1800K) with the special furnace as well as pressure tudies, 
were performed. 

A large number of experiments were dedicated to real 
time diffraction studies such as in-situ chemical reaction, 
physisorption . A time-dependent study of a polar molecular 
liquid in an electric field has also been performed. An exotic 
type of experiment dealt with the study of the alignment of 
clay particle in fluid flows. This experiment required a novel 
set-up of D l B. A syringe pump was used to obtain steady 
flow of the clay. The pump was connected to the CAMAC 
electronics to allow counting to be inhibited when the pump 
reached the end of it travel and began to reverse. The large 
success of this experiment has initiated further use of simi lar 
techniques e.g. to s tudy not only the teady but a l o 
turbulent flows. A nose cone (conical collimation) was made 
for DI B to allow small incident beam sizes. 

An effort has also been done to complete the data 
reduction programs on the SGI workstation such a fild lb, 
xrfit (for cyclic refinement). The Lamp program , which is a 
graphical user interface for visualization of 2D and 3D data 
as in line-plots, contour-plots or surfaces is also installed. 

D2B High Resolution Powder Diffractometer 
on thermal beam HU 

D2B has been considerably upgraded through a serie 
of modification to the neutron optic , the data acquisition 
and analysis system and the special environment options: 

A new Ge 335 monochromator (Fig. 3), constructed using 
the multiblade technique, has been installed and tested. The 
Bragg peaks obtained using the new monochromator can be 
fitted using theoretical lineshape , without any appreciable 
flux reduction at the sample po ition. One of the benefit 
of the improved peak profile s is the po ibility of 
obtai ning hi gh-quality data in the high-resolution mode 
(5' primary collimation). 

Two sets of automated slit have been in tailed on the 
instrume nt. The first , positio ned abo ut 20 cm from the 
ample position, allows the beam to be preci se ly defined 
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both in the vertical and in the hori zontal directions . The 

second, located inside the concrete shielding at - 15 cm from 
the monochromator, control s the horizontal divergence of 

the monochromatic beam , and , a a co nsequ e nce , the 
resolution function of the in trum e nt. A typical hi g h­
resolution configuration, with a I cm slit opening, yields 

experimental FWHM 620::;0 .25 ° in the angular range 
0°::;20::;100° (Fig. 4). The reduction in flux (about a factor 
of 3) is partially compensated by a much better ig nal­

to-background ratio. Since it affects mai nly the lower­
to-intermediate angular range, thi s option is complementary 
to the 5 ' primary collimation , which is mos t effec tive 

in "focusing" geometry (20 = 135°). 

A 300x60x30 mm highly-oriented pyrolitic graphite 
filter has been installed in the primary beam (Fig . 5 , 

page 161 ). An hydraulic translation mechanism allows the 
filter to be removed at the push of a button. With the fi lter in 

place, the 2.4 A wavelength can now be used with less than 
0.3 % A/2 and A/3 contamination. Thi s option has been 

extensively employed by the users durin g cycles 954 
and 955. 
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Fig. 3: Almost perfect fi t to a single peak obtained with the new 
D2B monochromaror, compared to the less good.fit obtained 
with the old monochromator. 
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Fig. 4: Experima111al D2B resol111ionfu11ctions measured 
on standard samples (Si or Ge)for three instrument configurations. 
Squares: high-intensity mode. Circles : high intensity mode 
with a I cm slit in fro nt of the 111onochro111aror. 
Triangles: high-resolution mode (5 • primary beam collimator) 
witha l cm slit i11jiw1t of the monochromator. 
The lines represent.fits obtained using the Caglimti f unction. 

The secondary beam tube has been modified to house a 
liquid Nz-cooled beryllium filter as well as other future 
" insertion devices". Using the Be filter, a clean 6.05 A beam 
can now be obtai ned . This option all ows extremely high 
resolution to be attained on Bragg reflections with d>3 A, 
and should be ideally suited for s tudying the effect 
of coherence length and strain on magnetic structures. 

Most of the data treatment is now performed on a 
dedicated Silicon Graphics Indy workstation, which is also 
equipped with on-line data vi ualization. Standard files are 
produced for the popular Rietve ld programs FULLPROF 
and GSAS. 

The sample table has been equipped with an automated 
lifting mechanism, with a maximum load of 300 kg. Thi s 
device allow the heaviest sample environment equipment 
(including the I O Tes la cryomagnet) to be safely installed. 

D3 Polarized Neutron Diffractometer on hot beam H4 

From after the restrut of the reactor, the instrument has 
been tested , aligned and calibrated using Heusler and CoFe 
polarizing monoc hromators/samples for both channels A 
and B. Calibrations were made directl y with the 4.6 Tesla 
cryomagnet and the direction s a nd a mplitudes of th e 
magnetic guide fields were se t, leading to an optimized 
flippin g e fficiency. The dead-time of the detector is taken 
into account which allows count-rate up to 70.000 counts/s. 
Using the in-shield carousel sy ·tern for automatic insertion 
of resonance filters, very weak 'A./2 contamination is 
measured for both CoFe and Heusler monochromators. First 
experiments sc heduled at th e end of February were 
performed succes fully, and the instrument has been running 
smoothly since then . 
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Printers and workstations are now in s talled in an 
adjacent area which i shared with Cryopad . The data 
reduction programs are available on the Silicon Graphics 
workstation d3 sg i. 3D-visualization of the magnetization 
density can be done using a specific Explorer 3.0 based 
program. We plan to increase the RAM of d3sgi in order 
to better visualize magnetization density in large unit cells. 

Next year, we plan to exchange the Camac/RSX aging 
data acquisition system for a YME/U IX system with the 
help of the DPT group. We also plan to add a graphical user 
interface to the data reduction programs written by J . Brown. 

CRYOPAD for Spherical Neutron Polarimetry (SNP) 
on I 20 

The whole of the August-September cycle on IN20 was 
devoted to Spherical Neutron Polarimetry (SNP). The beam­
time was divided into two periods, the longest, initial one 
being used for scheduled experiments compatible with 
Cryopad-1. 

The Cryopad data acquis ition sys tem was restarted 
smoothly except for the two encoding sys tem s on the 
nutation units (MicroControle) which have not been reliable 
for ve ry long. The communication between the PDP 11 
computer and the new DEC-alpha of IN20 was quickly 
established by J. All ibon. The first experiment which dealt 
with manipul ation and detection of magnetic domains in 
Cr2O3 (a unique capabi lity of SNP) started right away. 
It was not serious ly impeded by the recurrent blockage 
(eve ry 24 hours) which developed on th e variable 
temperature insert after a few days. After two long weeks 
struggle - a difficult summer holiday period! - we overcame 
the problem by changing all of the O-rings in the helium gas 
injection circuit. Thi s was accomp lished ju st in time 
to co nd uct the 1.5 K meas urement on CeAl 2 (Oth er 
experiments had suffered from lost beam time and lack of 
good temperature control but did not fail completely since 
they did not require the lowest temperature). This last 
measurement was quite interesting as it showed qualitatively 
for the first time a mall rotation of the magnetic interaction 
vectors resulting from the temperature variation of the 
"non-chiral CeAl 2 magnetic structure". Technically, the high 
sensitivity of the SNP technique to such very small magnetic 
changes is unique and due to its capabi lity to observe 
tran verse components of the final polarization . (Only the 
longitudinal component is accessible to Uniaxial 
Polarization Analysis in a magnetic guide fi eld). 

The final I O days of the cycle were devoted to the first 
neutron test with the recently built Cryopad-11. 
The combination of a 20 cm diameter, widely access ible, 
cylindrical zero-field sample chamber with low stray-field 
nutators is a complete success, the so-called "nutation 
waves" being magnifi cent from the beginning. As regards 
the brand new, monolithic design of the precess ion coils, we 
could val idate the computer design (M. Thomas) comprising 
a very unu ual combination of toro'idal superconducting 
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coils sandwiched between two cylindrical Meissner shields. 
Overall , we may say that the se tes ts were extremely 
sati sfactory up to the point where we were stopped from 
finalizing the cal ibrati on and cond ucting the TbAIO3 
"friendly test experiment" as we di scovered that it was not 
possible to drive the precession current from the computer 
because of faulty electrical insulation of the superconducting 
coils combined with a non-floating computer-interface. 
At the time we write this report the coils are being carefully 
rewound with a thin insulating layer of Al2O3 deposited on 
the bobins to cure the groundi ng problem , a variable 
temperature Orange Cryostat has been delivered which will 
fit in the R.T. chamber of Cryopad-U for low temperature 
work, the nutation encoder are being replaced with 
Heidenheim ones and a Silicon Graphics computer/Hytec 
Camac Interface has been acquired to replace the obsolete 
PDPI 1/Schlumberger data acquisition system. 

D4 Fluids and Glasses Diffractometer 
on the hot beam H8 

The recommissioning of D4, after the nearly 4-year ILL 
shutdown , encountered very few difficulties. In fact, a gain 
of about I 0% in flux was found (normalized to the true 
reactor thermal power) , believed due to the installation of a 
new doigt de gant and a slightly improved configuration 
of the monoc hromator. In addition , the detec tor cells 
previously damaged by the direct beam, constituting I /8 
of the total counts of the detectors, successfully "healed 
themselves" during the shutdown, presumably due to their 
not being under high tension for several years. 

A very large user demand for D4 resulted in an overall 
be amtime divi s ion of 61 % D4 / 39% IN I for 1995 
(i.e . including test time but not including commissioning 
time). The rejection ratio (in days) for the first semester was 
11 8/59 = 2 to I, and for the second semester 133/30 = 4.4 
to 1. The recent round of proposals for the first semester 
of 1996 witnessed a 123/45 = 2.7 to I rejection ratio for D4. 

Of the total amount of beam time given to D4 users 
( i.e. not inc luding test time), a full 16% was lo st due 
to instrument problem s, the large majority bein g 
malfunctioning electronics (Camac) and associated software 
that caused scans to stop - very often during the night. These 
problems were finally resolved in early December 1995. 

Although no experiments had to be postponed or were 
judged as failures due to instrument problems, ome of the 
cryostat experiments had their data compromised by large 
temperature gradients across the le ngth of the sampl e, 
especiall y for sample temperatures near 300 K. This problem 
was subseq uentl y mitigated , and the re are also plans to 
construct another sample environment for the bell jar which 
will function for temperatures between approximately -20 C 
and 150 C. 

Of the 22 experiments pe1formed at D4 in 1995, 16 came 
from college 6, 4 from co llege 5, and I each from colleges 7 
a nd 9. Co ncernin g samp le e nv ironm e nt for th ese 
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experiments, 8 were carried out under ambient conditions, 
another 8 using the cryostat, 5 using the oven, and I usi ng 
an external setup (high pressure). 

Improvements to the instrument continued throughout 
1995, including a new and slightly longer vanadium cryostat 
tail for the sample calorimeter, a better alignment of the 
detec tor collimation, a new "ense mble de pompage" 
for evacuating the bell jar which increases the convenience 
and sec urity of thi s operation for the users, and the 
installation of data reduction and plotting software on the 
Silicon Graphics workstation . A new "alimentation four" 
wi ll arrive in early I 996 to replace the antiquated version 
used until its failure point was reached, and a new set of 
vanadium sample cans is planned for purchase. 

The D4c project received the Steering Committee's 
green light for funding to begin early in 1997, and we plan 
to begin work on a prototype in 1996. D4c will replace the 
present multi-wire detectors with micro-strip detectors 
similar to those recently developed for D20, increasing the 
detector area (and hence the count rate) by a factor of I 0 . 
Much of the detailed planning is contingent on performance 
tests of D20' s detector, scheduled for early 1996. 

D9 Four-Circle Diffractometer on the hot beam H3 

24 s ingle crystal experiments were s uccess full y 
performed on D9 during 1995. Apart from minor problems 
with the stability of the multidetector (6 days were lo t 
a ll to ge ther) the machine ran s moothly . Most of th e 
exper iments used the clas ical di splex cooler (ro utine ly 
down to 16K) or the 4-circle furnace from D9. 

For one experiment the di splex cooler was modified so 
as to allow the sample to be irradiated by an external laser at 
low temperatures . After adapting the large D 10 goniometer 
table to D9, a pressure experiment using a standard orange 
cryo tat was performed. 

The project of building a 4-circle helium flow cryostat 
advances slowly but surely (cryogenics people were heavily 
demanded in 1995 for se ttin g up dilution cryostat and 
cryomagnet experim ents). Variou s pieces are already 
ordered, and the cryostat should be ready for testing in the 
first half of 1996. 

In order to allow the use of cryomagnets, pressure cells, 
dilution cryostats and spec ial furnaces in a more routine way 
the group is di sc uss in g the pos ibility of inclining the 
detector out of the equatorial plane on both D9 and later 
DI 0, as is already done on the now CRG instrument D 15. 

D10 Four Circle 3-Axis Diffractometer 
on thermal guide H24 

D10 was up and running very shortl y after the reactor 
res tart , with just a few minor corrections to the control 
program and to the safety interlocks . The commissioning 
period was then spent successfull y on real experiments to 
test the ma ny co nfi gurat io ns that DI O may adopt: 
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conventiona l diffraction data collection with the Eulerian 
cradle, measurement of phonons and magnons in fo ur-circle 
geometry, and elastic and inelastic measurements with heavy 
sample environment, in this case study of the spin-Peierls 
compound CuGeO3 at high pressure. The first schedu led 
experiment, on the incommensurate magnetic phases of d, 
was also a great success, despite the demanding schedule of 
sample and pressure cell changes. We especially thank Ted 
Forgan, Bill Nuttall , Paul Sokol and Dave Watson for their 
accepting to be our first ex ternal users, and for their untiring 
efforts to keep the instrument running efficiently during the 
experiment. 

For the rest of the year DI 0 gave its habitual sterling 
service, with experiments covering a wide range of problems 
in structural and magnetic crystallography. Two of these 
were on the phase transitions in the perovskite manganites 
th at exhibit giant magnetic resistivity and whch have 
recently triggered a flurry of activity in many laboratories. 
The new four-circle dilution cryostat (Fig. 6, page 160) has 
been used four times during the year, twice for scheduled 
experiments. Thanks to the dedicated efforts of Serge Pujol , 
the initial problems with excessive torsional flexibility in the 
q> shaft have now been rectified, and temperatures down to 
0.1 1 K have been achieved and maintained in full four-circle 
geometry (Fig. 7). Two experiments exploited the computer 
control of the goniometer stage, used for heavier cryostats 
and furnaces, to access reflections in several reciprocal 
lattice planes. It is di sconcerting to see a cryos tat tilting 
through 20° seemingly of its own will, but the reflections 
appeared to prove that it works! 

The conversion to control by Unix on a Silicon Graphics 
Indy workstation was begun in September , and tw o 
experiments in the last cycle were performed in this mode, 
both successfully. This required upgrade of the CAMAC 
controllers, and a complete rewrite and modernisation of the 
control program MAD by John Allibon , with emphasis 
initially on the commands and routines which are common 
to all diffractometers. Side-by-side with thi s work Franck 
Cecillion has begun constructing a common graphical user 
interface for all diffractometers. Full conversion to Unix and 
control by the graphical interface should be achieved by the 
first cycle of 1996, when refurbishment of the DI 0 cabin 
will leave no space for the trusty but old-fashioned 
micro Vax . 

D19 High-Flux Single Crystal Multidetector 
Diffractometer on the thermal beam Hl 1 

Although D 19 is ofte n used as a Single Crys tal 
Diffractometer its hi gh flux and large position sensitive 
detector (PSD) make it s uitable for Hi gh Angle Fibre 
Diffraction studies as well . Since the reactor restart more of 
the schedul ed beam time on D 19 has been taken up by 
fibres. Visitors performing experiments with single crystals 
expect to go home with structure factor amplitudes or even a 
refi ned structure, having made use of established procedures 
in the areas of data co ll ection, display and processing. 
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For the growing number of neutron fibre diffractionists the 
past year has marked a period of development: D 19 visitors 
can now collect fibre data in the most efficient way and 
leave with proces ed data. 

An op tim um data collec ti on st rategy has been 
determined which involves precessing the fibre axis around 
the instrument axis so that the whole of reciprocal space is 
scanned . Data acquisition on Dl9 is controlled by a Vax 
running standard ILL software, MAD. Data display and 
processi ng for fibre diffraction is carried out on a Silicon 
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Graphics Indy . A suite of programmes for process ing the 

data and binning it into reciprocal space has been written by 

Paul Langan . During the summer Mark Shotton, a long term 

visitor from Keele University, wrote a Graphics Interface for 

these programmes in Metacard, ca lled mcFibre . McFibre 

accesses the new ASCII data base and visualises data using 

Pgplot graphics. The use of push buttons , menus and 

dialogue boxe minimises the amount of typed input 

required. The e programme have been made compatible 

with intensity integrating programmes from the BBSRC 

funded CCP 13 project. Together MAD, mcFibre and CCP 13 

cover the full range of requirements for data collection and 

analysis using Fibre Precession geometry. 

Some neutron diffraction tudies require the amount of 

water in the . ample under investigation to be controlled. 

This i usuaJly achieved by regulating the relative humidity, 

RH , of the sa mple 's environment. The traditional 

approaches to thi s problem are to enclose the sample in a 

cell and to either sea l it with an appropriate saturated salt 

solution or to pass through it a gas, humidified to the desi red 

RH by bubbling it through an appropriate sa lt so lution . 

However in order to change the RH in a controlled manner 

over a wide range, alt bottles mu t be changed and the flow 

rate through the ·e bottles carefully monitored and adjusted. 

These studie require constant attention and are often 

irreproducible. To circumvent these problems a system has 

been built for automatically controlling the RH : the D 19 

Automatic Humidity Control system (AHC). The AHC 

consists of a sample cell which is fed a mixture of wet and 

dry compressed air. The proportions of this mixture are 

adjusted by an electronic valve to obtain the desi red 

RH inside the cell. The valve is operated by a controller unit 

which can respond in a programmed way to changes in 

RH as detected by a probe in the sample cell. 

Software development is now co ncentrated on 

proce ing and displaying single crystal data. Many of the 

D 19 utility program already run on the Diffraction Group 

Unix cluster, as do the standard crystallographic packages, 

Shelxl, Xtal, etc; conversion of the main single crystal data 

proces ing program, Retreat - to acce s the Unix ASCII data 

base directly - is nearly done. Garry McIntyre has adapted 
Retreat for integration of peaks from incommen urate and 

quasicrystal structures. In Autumn 1995 , the D 19 PSD, 

which had bee n gradually lo s ing He s ince 1986 , 

was emptied , and purified gas added up to the design 

pres ure of 6 atm. The design efficiency was thu fully 

restored. We thank Dominique Feltin and colleagues for 

their expert care in this delicate operation. Jn strumen t 

deve lopment in 1996 will hopefully be concentrated 

on commissioning a new PSD. A brief description of D 19 

can be found on the World Wide Web (http://www.i ll.fr/) . 
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D20 High-Flux Multidetector 
on the thermal beam Hll 

Parallel activity on several items is continuing to make 
the whole D20 inst rument available for users as soon as 
possible after the end of the detector con truction . 
For detail s ee "Projects and Techniques Division" (OPT). 

After completion of the instrument, many tests have 
to be performed before the instrument will become ready 
for external users during summer 96. 

Jean Pannetier has left ILL and D20. A young German 
sc ientist , Thomas Han se n, arrived on December I st to 
complete the D20 team with Jacques Torregrossa and Pierre 
Convert. 

A.W. Hewat 
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Large Scale Structures (LSSJ 
Group 

D 11 Small-angle scattering diffractometer 
on the cold guide H 15 (P. Lindner, L. Yuillard, 
P. Timmins, A. Polsak) 

DI 6 Four-circle diffractometer on co ld gu ide HI 6 
(J . Zaccai, E. Bellet-Amalric, S. Wood) 

D 17 Reflectometer and small-angle scatteri ng 
diffractometer on the co ld guide H 17 
(H.-J. Lauter, R. Cubitt, M. Bonnaud) 

0821 Diffractometer for very large unit cells 
on cold guide H 15 (E. Pebay-Peyroula 
(18 ; until 31 .3.95), M.S. Lehmann, 

022 

EVA 

C. Wilkinson (EM BL), S. Wood) 

ew small -angle scattering diffractometer 
on cold guide H5 I 2 (R. May, . Egelhaaf, 
P. Timmi ns, P. George) 

Evanescent wave diffractometer on cold guide 
H53 (CRG-8, S. Odenbach, R. Gunther, 
F. Adams) 

The restart of the [LL reactor in January 1995 was an 
event of great excitement both for the ILL taff and for 
external users of the instruments. The dedicated and 
conscientious effort made by the technicians and scientists 
of the LSS group, with the very active collaboration of the 
technical services , allowed the in truments to come on Line 
with an absolute minimum of commi ss ioning. Indeed DI I 
was the first ILL instrument to receive u ers, on February 
I 0th, on I y 5 weeks after the reactor start. The only major 
problem for the group was the unexpected fai lure of the 0 22 
multidetector sho rtl y after the beginning of the user 
program. Thanks, however, to the e nthusiastic and highly 
competent work of the ILL detector group upported by the 
other services of the OPT the detector wa able to be 
repaired in-house and will be ready for operation again early 
in 1996. 

Apart from preparin g the instruments for restart the 
major work of the shutdown had been the transformation of 
the computing facilitie from the centralised VAX VMS 
system to a di tributed UNIX ystem. In the LSS group thi s 
has been carried out under the guidance of Roland May and 
is now almost complete a far a data treatment facilities are 
concerned. 

The LSS group now owns 6 Si li con Graphic s 
workstation ; 5 Indies and one Iri s Indigo (D 11 , D 17, 0821, 
022 and two for general use). Ron Gho h and colleagues 
from the cientific Computing Group have upgraded and 
converted to Unix the suite of programs fo r treatment of 
small -angle scattering data and these are currently under te t. 
Regrouped data are saved as ingle ASCII file in a newly 
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defined standard ILL format. Information on the use of these 
programs is avai lable from the ILL Home Page on the World 
Wide Web. In parallel , Didier Ri chard and colleagues 
furni hed a SA S version of LAMP, a program for 
in peeling and treating on-line raw data and data stored 
in lLL's ASCII database. 

On the instruments, the data acquisition program MAD 
wo rked well a lthou gh th e program for the creat ion of 
parameters ( PARAME) for experime nters using the 
au tomatic ample changers on the small angle instruments 
proved to be too unwieldy to u e efficien tl y. A summer 
. tudent, Barbara Pfeifer, wi th the help of Michel Roure, 
wrote a n interface program (SAC HA ) that replaces 
PARAME and simplifies the use of MAD for experiments 
with a sample changer. 

011 Small-Angle Scattering Diffractometer 
on the cold guide HIS 

First tests of the instrument after the restart of the HFR 
have immediately revealed a I 001½ increase in neutron flux 
using the new light-weight velocity elector CONST ANZE 
which had been installed in 1994. The new selector turns 
between 1900 and 8800 min - 1, corresponding to 
wavelengths between 20 and 4.5 . The wavelength spread 
i 6.i..JA = I 0.4 % at 4 .5 A, 11 .2 % at 6 and 12.4 % at 10 A 
as determined with TOF meas urements (compared to 
t:.).f)._ = 10 % at lOA with the old selector BR U HILDE). 

The beginning of the fir t cycle in 1995 was u ed for a 
ystematic testing and, where necessary, improvement of all 

the components of the instrument. The new VME electronics 
worked reliably except for a problem with the TOF channel 
card which now seems to have been resolved . The new 
instrument co ntrol program MAD has been co n tantly 
improved and is operating well. A new program (SACHA) 
i now availab le for programming run sequences wi th 
the sample changer. 

Concerning the sample environment, the sample table 
ha been realigned with respect to the neutron beam height 
and direction. A vacuum sample c hanger using the 
horizontal rack plate is under construction and will soon be 
avai lable. 

Having been out of operation for 3 years and 11 months, 
D 11 wa made again available for users on the I O February 
1995. Since then the experimental program ha been carried 
out routinely without major difficultie . 138 days of 
beam time were u ed at DI I in 1995 for 73 different 
experiments, thus 1.89 days on the average per experiment. 
During the first year of operation after the re tart a lot 
of "old" friends came back to mea ure at D 11 but we al o 
had the plea ure to welcome new u er . 

D16 Four-Circle Diffractometer on cold guide 816 

Following its complete overhau l in 1994, D 16 functioned 
smoothly throughout 1995 with a requested to avai lable day 
ratio clo e to 2. Experiments on 016 require a very good 
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Q-resolution over a wide Q-range and include studies on 
lipid bilayers and their interactions with various molecules, 
two dimen ional ordering in biological membranes and on 
graphite or MgO adso rbed layers, surface reflectometry 
in mixed liquids, magnetic ordering, polymers and clays. 

The overall radiation background which is rather high 
around D 16 was greatly reduced fo ll owing a better 
protection both of the H 16 guide and of the instrument itself. 

During the whole year efforts were made in -order to 
improv e the performance of th e in s trument as a 
reflectometer, with a new boron nitride lit with a precision 
of a few µm , a translation table for the pos itioning of the 
sample and a sample holder for vertica l samples. All these 
changes were optimised during an experiment performed at 
the end of the year and concerning the interaction of a 
peptide with a model membrane deposited on a Si substrate. 

For data collection, the new MAD version, common to 
the diffractometer wa implemented. It a llows computer 
control of the slits, the beam stop and the new samp le 
trans lations. 

The reorganisation of the Dl6-D17- IN5 experimental 
area of the gu ide hall has been approved and will take place 
over the next 2 - 3 years. Concerning the D 16 move to a new 
position, planning is in progres for improvements involving 
a guide three times the present height , a focusing 
monochromator, and a larger detector. 

D17 Reflectometer and High Resolution Small-Angle 
Scattering Diffractometer on the cold guide H17 

D 17 runs both as a refl ectometer and still as a small ­
ang le scattering diffractometer. As soon as D22 is operating 
sati sfactoril y after its detector repair the main activity of 
D 17 will be shifted towards reflectivity experiments. Severa l 
major improvements to the instrument were made in 1995 . 
A variab le slit system is in place for reflectometry. The data 
acquisition electronic wa changed to VME during the 
October - November shutdown and subsequent tests have 
shown it to be operati ng sati factori ly. A Silicon Graphics 
Indy workstation operating under UNIX has been installed 
in the instrument cabin for data analysis. 

The in trument can be used at con tant wavelength with 
a 5% wavelength elector, a I 0% wavelength elector or 
with a chopper for TOF. A first TOF reflectometry 
experiment was carried out, but it i still too early to run it a. 
a TOF instrument for users. 

D 17 can be used for the inve ligation of magnetic films 
in the reflectivity mode al though the polarisation of neutrons 
has sti ll to be improved. 

The ta11 of a project to convert D 17 into a dedicated and 
optimised reflectometer was agreed. It will take up to 1998 
to straighten the H 17 and H 18 guides, which will have D 16 
and D17, re pectively, on their end positions. Thus I 5 on 
H 16 will have also a full guide at its di sposal. because D 16 
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wi ll have moved out of H 16. The new D 17 reflectometer 
wi ll run in TOF in the main mode and will make use of 
a greatly increased neutron flux in the HIS guide in the 
range of at least 3 to 30 . For this reason the H 18 guide 
wi ll have supermirrors for the upper and lower surfaces and 
a focuss in g end-piece in front of the sample position. 
The pectrometer itself wi ll also be redesigned . To take 
advantage of the vertical ly focusing guide the instrument 
wi ll be used for investigating vertical surfaces. DI 7 will be 
flexible in resolution in order to adapt to the requirements of 
the va riou s kinds of samples and thu s to g ive optimised 
signal intensi ti es. An opt ion with a multi layer monochromator 
is planned mainly for the use of polari sed neutrons . 

D821 Diffractometer for Very Large Unit Cells 
on the cold guide HIS 

At the start-up the new Vax-station installed during the 
long hut-down was tested successfully before being put into 
operation. Since then it has worked well, but problems are 
appearing on the level of the electronics, which in a few 
ea es have briefly stopped the measurements. This should be 
handled next year when the instrument - as planned - will be 
transferred to VME electronics under the control of a Unix 
workstation. 

Apart from this the instrument has worked well with 
a healthily growing demand , and to help in the analysi 
a Silicon Graphics Workstation belonging to the LSS group 
ha been in tailed in the instrument cabin and equipped 
with a CD- ROM disk reader. 

Work on automatisa ti on of the detector movement 
on air-pads has progressed. and the system will be tested 
at the end of the year. 

The in strument st ill uses the Anger camera as two 
dimensional area detector, but the leak problems of the new 
detector have now been fixed, and the asse mbly has been 
tarted (D. Feltin , A. Rambaud ). 

D22 ew Small-Angle Scattering Diffractometer 
on cold guide H512 

The construction of D22 was completed during the long 
shutdown and commissioning wa begun as soon as the 
reactor restarted . User operat ion commenced at th e 
beginning of the second cycle with the first experiment 
taking place on April 5th 1995. 

Several experiments were carried out successfu lly, but 
unfortunately soo n after the start of the experimental 
programme the detector showed signs of malfunctioning. 
They did not di sappear even when the high tens ion was 
lowered to a value which jeopardized correct addre s ing by 
the coincidence unit of the detector electron ics. Therefore, 
the decision was taken to open the detector for inspection 
and repair. Several reasons were identified that explain the 
electrical discharges which apparent ly were at the origin of 
the problems. The ILL detector group, with the help of other 
services, repaired the detector, and first tests with a neutron 
source indicated a uccessfu l completion at the end of the year. 
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The access to the sample zone wa simplified after a 
revision of the safety procedure. The sample zone is now 
enlarged in order to allow users to take advantage of the 
high maximal flux of the instrument. According to gold foil 
activation and calibrated-monitor measurements, the flux at 
D22 exceeds I 08 s- 1 cm-2 on the sample position for optimal 
collimation and wavelength condition ( elector at 
D.A./A. = I 0 % FWHM). The sample environment wa 
extended by a vacuum vessel with dimensions largely 
similar to those of the D l l "cloche" . A new shorter aperture 
holder was con tructed for the exit side of the collimation 
box, and also a new silicon entrance window into the detector 
will soon help to facilitate experiments with bulky devices. 

The instrument control program MAD (Michel Roure) 
is performing in a very atisfying way. A manual for its u e, 
a well as other information about the instrument is available 
on-line on D22' s Power Macintosh in the World-Wide Web 
standard format HTML. Xavier Claey , a summer student, 
worked on a program under Window for controlling the 
Dornier velocity selector. This task wa continued by a 
programmer staying at the ILL in the framework of an 
educational contract, Catherine Misse. The aim of thi 
exerci e i the integration of the selector control into the 
instrument control program. 

EVA Evanescent Wave Diffractometer 
at the cold guide H 53 (CRG-8) 

The upgrading of the instrument control for the reflecto­
di ffractometer EVA was completed in 1995. The newly 
installed 486 PC running the SPEC software package under 
LINUX directly controls a l l important instrument 
components such as tepper motor , the monitor counter and 
detector and additional device such a e.g. the air cu hion 
on the 20-arm. With the help of SPEC ' s macro 
programming, all these processe can be easily combined 
into u er-defined scans. This enable external CRG-B users 
to implement canning routines which are well- uited for 
their specific experimental problem. After completion of the 
basic instrument control, further options and improvements 
were developed: 

• The polarization system , consi ting of CoTi­
multilayers (provided by Prof. Scharpf, ILL), spin-flippers 
and magnetic guide fields, was fini hed and et in operation 
at the end of 1995. 

• In addition to the position sen itive detector (PSD) on 
the 20-arm, a second PSD was installed in the forward 
direction. This detector will allow the s imultaneou 
measurement of reflectivity and surface-sensitive Bragg 
diffraction of a sample. 

• C lose collaboration with the radioprotection group 
throughout 1995 made possible a reduction of the gamma­
noi e mainly produced by air-scattering inside the casemate 
down to ea. 10% of the starting value in January. 
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The new UHY sample environment for temperature 
dependent evanescent Bragg scattering and reflectivity 
measurements under the influence of external magnetic 
fields was built at the home institute in Wuppertal. It is 
expected to be installed at EVA in the beginning of 1996. 

The performance of the instrument has been tested since 
last summer by measurements on free Ni (I JO) surfaces. 
We studied the reflectivity of the e samples down 
to ea. 4* 10-5 at an angle of incidence of 3.7°, corresponding 
to ea. 7*the critical angle. We thus found surface roughne s 
values of less then I O A. Grazing incidence diffraction 
on Ni( 110) was performed for the first time and allowed 
the characterization of two different samples with regard to 
their surface and bulk mosaicity and the misalignment 
of their urface with respect to the (110)-direction. 

Within the framework of the new CRG-B status of EVA, 
a fir t external user (T. Baumbach , ILL) performed 
measurements on various layered systems, e.g. GaAs/GalnAs 
superlattices . Apart from strong reflectivity and diffu se 
scattering in the forward direction, fir t evidence of grazing 
angle diffraction on this kind of samples was found. Further 
CRG-B beamtime has been requested by several external 
groups for the beginning of 1996. 

Laboratories 

The Chemistry and Biochemistry laboratorie of ILL, 
located on the 2nd floor of ILL20, are avai lable for sample 
preparation for users of the neutron beam instruments . 
In J 995 the ILL signed an agreement with the ESRF for a 
reciprocal use of the two institutes Chemistry facilitie 
which broadens significantly the range of equipment 
available to users . For Biochemical users facilities are al. o 
available in the laboratories of EMBL. 

Chemistry Laboratory 
(P. Lindner, P. Chenavas, M. Romero) 

The Rheometric RFS II fluids spectrometer ha 
ucce sfully been put into operation. It served already to 

four different u er groups for rheological characteri ation of 
their samples. 

A new PAAR OMA 58 density meter with an automatic 
sample changer (min. sample volume 2 ml) has been 
purchased and installed in the chemistry laboratory. 

Biochemistry Laboratory 
(L. Vuillard, P. Chenava , M . Romero) 

The biochemistry laboratory provides biochemical u ers 
with facilities complementary to those available in the 
EMBL laboratories. In 1995 the e facilities were enhanced 
by the provi ion of a fulJy operational HPLC system and a. 
new ultra-violet and visible spectrophotometer . The 
laboratory was also used in a collaborative project with the 
ESRF on protein isolation and purification . 

Peter Timmins 
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Three-Axis Spectrometers 
(TASJ Group 
I I . IN I Be 3-axis and Be- filter spectrometers 

on the hot source beam tube H8 
(B . Roess li , B. Dorner and P. Palleau) 

IN8 3-ax is spectrometer on the thermal beam tube 
HI O (J . Bossy. B . Dorner and D. Puschner) 

I 14 3-ax is spectrometer on the cold guide H53 
on the horizontal co ld source 
( . Pyka, R. Currat and A . Brochier) 

I 20 3-ax i • spectrometer for neutron polarisation 
analysis and spin-echo option (TASSE) 
on the thermal beam tube H 13 
(J. Kulda. T. Baumbach and P. Flores; 
C.M .E. Zeyen for the TASSE option ) 

I 3 3-axis spectrometer on the thermal guide H24 
(CRG-A. M. Zolliker. W. Biihrer. P. Decarpentrie) 

IN 12 3-axis spectrometer on the cold gu ide H 142 
(CRG-B. W. Schmidt. B. Fak. J. Previtali ) 

1995 was the first year of normal experimental acti vity 
after the ex tended reac tor shutdown. For the TAS Group. 
it came after a peri od of intense instrumental acti vity, with 
reassembl y, rein sta ll ation and major elec tronic upgrading 
work on 3 out o f 4 machines. Thu s the January Startup 
provided a crucial opportunity to check the performance of 
the new ly upgrade I spec trometers , th rough ex tensi ve tes t 
and reca librati on ca mpaigns schedul ed during the first 
reactor cyc le, and on real experiments, thereafter. In general 
the instruments performed very sati sfac toril y. Detail s may 
be found below. under the relevant instrument heading. 

The in strum ent co ntrol hardw are and softw are 
(programme TA MAD) was almost completely renewed on 
all 4 instruments during the reac tor shutdown. On three 
of them - I I . IN 8 and I 20 - VM E elec tronic in an 
autonomow, crate is used to handle the low- level control and 
data co llec tion tasks. As the reli ability of the new ystem 
proved exce ll ent . pl ans are underw ay to co nvert IN 14. 
the las t in trum ent in th e g roup st ill on th e CA MAC 
standard, to V ME by the end of I 996. The new contro l 
. ys tem of each instrumen t i s co mpleted by a dedicated 
DEC-a workstation (operating under Open VM for the 
time being) , co nnec ted to the VME cra te v ia ethernet. 
An additional X-terminal and M acintosh is avai lab le on each 
in strument for on line data treatment. Thi . set-up ha 
operated sati),factori ly, particularly for instruments using the 
VME electronics. after some initial adjustments. 

The group is actively engaged in a program of software 
developments , concerning both the spect rometer co ntro l 
programme T MAD and the data reduction programmes, 
in collaboration wi th OPT-SCI (A. Barthelemy) and DS-S 
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(A. Filhol , D. Richard , G. Kearley), respectively. This work 
inc lud es th e impl em entati o n of the ge nera l purpose 
reso lu tion programme RESTRAX (J. Saroun, J. Kulda) , the 
development of a data visualisation programme under IDL 
(D. Ri chard , G. Kearl ey) and further work on the data 
analysis programme PKFIT (A . Bouvet, A. Filhol ). 

INl and I lBe: 3-axis and Be-filter spectrometers 
on the hot source beam tube H8 

The 3-ax is spectrometer I I share the H8 hot-beam 
pos ition with the Be-fi lter spectrometer I I Be and the liquid 
diffrac tometer D4 . Th e three instrum ents operate on a 
time-sharing basis w ith a co mmon monochromator and 
primary protection. 

M ost of the curren t effort aim at redu ci ng th e 
instrum ent 's bac kground. by installing additi onal B4C 
shielding elements inside the analyser and detector drums 
and by using suitab le combinations of resonance filters. INI 
is often used al low scattering angles. when air scattering in 
the sample area and scattering from the sample container are 
major so urces of background . In thi s context a l arge 
(0 I 00 cm) vacuum box has been des igned. wh ich can be 
u ed as th e primary vac uum chamber for cryos tats and 
ovens. This set-up provides for a longer neutron beam path 
in vacuum and red uces the amount of aluminium in the 
incident and scattered beams. As a result of thi s. together 
with improvements in the bea m stop positioning mechani sm. 
useful measurements can now be performed with scattering 
angle va lu es as low as 2 0 = 2.5 ° (co mpar ed to 5° 
prev iously) . 

Severa l tests were carri ed out using hori zontally focusing 
anal ysers. pyro lyti c graphite and perfec t. elas ticall y bent 
Si( 11 I ). w ith fixed verti ca l and vari ab le horizontal curvature 
(see blue box below). These preliminary measurements 
confirmed that significant intensity gains can be achieved 
on I I through the u e of hori zo ntal focusing. w ith no 
(or minimal ) costs in terms of in trumental resolution and 
signal-to-noise rat io. In the case of the Si( 111 ) analyser an 
additional bonus is the suppre. sion of the 'JJ2 contamination. 
Further con iderat ion will thus be given to optimisi ng such 
an analyser for specific use in the I I wave length range. 

In order to veri fy the performance of the instrument , 
a one-day test experiment w ith a sapphire (A l20 3) sample 
was performed. The same sample was examined in March 
199 1, a few weeks before the reactor shutdown. As a first 
observation. the lattice parameter turned out to be the same 
as fo ur years ago wi thin less than 1°/oo. This gives the 
confirmation. that the wave length alignment of I I is a 
good as before. Then 12 inelastic scan~ were repeated wi th 
the same monochromator Cu(220) and analyser Cu(200) 
c rysta l s and w ith th e sa me co llim ati on 25-20-40-40 
throughout the spectrometer. In Fig. I one old and one new 
scan is presented. where each measured point is normali zed 
to 100 sec counting time. This seems to be the best way to 
rnmpare the results. The new scan is 10 to 20% higher than 
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the old one. imilar ra ti os were obta ined for 9 out of the 

12 scans, while 3 scans - along the 3-fo ld ax is of Al20 3 had 

a lower rati o w ith I O to 20% less intensity . In most cases. 

the background scales w ith the signals. In conclu ion. the 

intensi ty of I I appear to be about I 0% higher than before 

the reac tor refurbi shment. The main reason is probabl y 

a reduced water gap between the hot source and the thi mble. 

A number o f molecular spectroscopy experiments using 

th e I I/Be-filter spec t ro meter have bee n per fo rmed. 

The spectrometer was used in the low-resoluti on mode. i.e. 

without the graphite filter option. The results showed that 

the instrument' s hi gh luminos ity can be o f great interest 

fo r ex perim ent s where flu x i s preferred to reso lutio n 

(weak scatterers) or when onl y a se lected energy transfer 

range is o f interest. Further experiments and tes ts using 

the Be- filter/graphite- filter combination are planned. 

I 8: 3-axis spectrometer on the thermal beam tube H 10 

The IN8 spectrometer has been operational for scheduled 

experiments since the February reac tor startup. A total of 21 

scheduled experiments were performed during the year with 

only 5 days lost due to instrument failure. 

During the March-April . hutdown. a new pyrol y ti c 

graphite anal yser was installed with fi xed vertical curvature 

and adjustabl e hori zo ntal curva ture. Th e new 36-pi ece 

co mpos ite an alyser i s used in co njunction with a 5-bar 

cy lindrica l 3He counter mounted with its ax is vertica l. This 

set-up replaces a smaller verticall y focusing unit used with a 

hori zo ntal axi s 3- bar counter . Here aga in signifi cant 
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i ntensi ty gains (up to a fac tor 5) have been obtained, with 
little effect on the observed instrumental resolution widths 
and signal-to-background ra ti os. 

The detailed performance of the new analyser will be 
given in a forthcoming report [ I J. The best use of hori zon tal 
focusing ari ses in the case of weakl y di persi ve excitation 
branche and small (< I cc) sample volumes. A situation of 
that type was encountered in spin wave measurements on a 
240 mm3 single crystal of neptunium bismuthide [2]. In that 
case the intensity ga in assoc i ated w ith th e u. e of th e 
foc using analyse r pro ved cru c i al to the detec ti on and 
charac terisation of the unusual magnetic excitation spectrum 
of this exoti c compound. 

I 14: 3-axis spectrometer on the cold guide H53 
on the horizontal cold source 

Durin g th e ex tend ed reac to r shut dow n th e I N 14 
monochromatic beam geometry has been modified in order 
to reduce the monochromator-to-sample distance from 270 
to 2 10 cm. The secondary beam shutter and the Sol I er 
collimator (or pol ari sing bender) is now integrated into the 
primary protection . As a result. the monochromatic neutron 
flux at the sample position has increased by a fac tor o f 1.3 
and the 'beam- off y-background in the experimental area is 
now acceptable. 

A number of modifi cati ons have been implemented in 
connection with instrument afety . New biological shielding. 
stationary and mobile, has been installed at the periphery of 
the experimental area; the so ftware in the electronic module 
controlling the positions of the monochromator protecti on 
bl ocks has bee n rewritten; sa fety procedures have been 
redefined and/or cl arified . 

Cun-ent efforts are devoted to improving the instrument 's 
perfo rmance in th e pol ari sed beam mode o f operati on. 
The users' demand for polari sed beam inelasti c scattering is 
considerable and onl y limited by the large in ten ity los • 
a. soc iated with th e process o f spin -polari sa ti on on the 
incident neutron beam and of spin-analysis on the scattered 
beam. In the thermal neutron range thi s loss ty pi ca ll y 
amounts to a fac tor of 9 to 15, depending upon the polarising 
technique used . Since the measurement of both spin states 
adds another factor of 2. the total loss factor is of the order 
of 25. compared to a class ica l inelastic set-up. 

The situation is not quite as catas trophi c in the co ld 
neutron range, because of the good reflecti vity of Heu ler 
crystals at long wavelengths. On I 14 Heusler cry. tals are 
used in th e an al yser pos ition but, g i ve n the upstrea m 
position of the instrument on guide H53, the use of a highly 
absorbing Heusler monochromator i precluded. The spin­
polari sation of the beam incident on the sample is therefore 
achieved by mounting a FeCo/Y supermirror bender in the 
monochromati c beam . Two different benders are now 
available. one optimi ed for 14 meV neutrons, with a 25% 
up-spin transmis ion, and one optimi ed for neutron energie 
in the range 2 to 5 meV , with an up-spin transmiss ion of the 
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o rd er o f 50% in th at ra nge. Bo th have polarisation 
characteristi cs in the range 90 to 95 %, which is more than 
adeq uate fo r inelastic scattering work. 

Recent measurements have been performed in order to 
test the performance of the Heusler analyser in the hori zontal 
focusing mode (see Fig. 2, page 161 ). Although thi s possibility 
had been foreseen at the des ign stage, the focusing and 
po lari sation properti es of the He usler analyser have o nl y 
bee n tes ted recentl y . T es ts were performed o n a s ma ll 
va nadium sampl e with the a 3 and a 4 So ller co llimato rs, 
normally mounted before and after the analyser, replaced by 
appropriate di aphragms. The results show an intensity ga in 
o f a factor 4 to 5, depending on ne utron e nergy, with an 
e ne rgy reso luti o n equivalent to a a 3/a4 = 40' /60' 
co nfi g urati o n a t 14 meY (a3/a4 = 40'/40' a t 2 me Y ). 
The measured e nergy reso luti on width as a functi o n of 
neutron energy is shown in Fig. 3. Additional measurements 
s howed that th e use of a broad div e rg in g bea m at the 
analyser position produces onl y minor beam depolarisation. 

IN20: 3-axis spectrometer for neutron polarisation 
analysis on the thermal beam tube H13 

Th e rein s ta ll ati on of IN 20 was completed in ea rl y 
Janu a ry. in time to begin the in strume nt a li gnme nt and 
ca librati on using the very first neutrons avail able afte r the 
reactor restart. Part of the commiss ioning ex periments, in the 
unpol a ris ed mode, was d evo ted to te s t s of the new ly 
installed elas ticall y bent perfect Si 111 monochromator and 
analyser. The characteri stics of these new generati on devices 
are presented in more detail in the following "blue box" . 
To summarize: the IN 20 silicon monochromator used in an 
open geometry provides a monochromatic flux at the sample 
pos ition (k; = 3-4 A- 1) abo ut twice as inte nse as that of 
Cu I 11 (with a 2 = 40' So ller collimation) at essenti all y the 
same resolution . Similarly the Si 111 analyser provides , in 
an open geometry, a reso lution comparable to PG 002 (with 
a 3 = 40') but the count rate in the detec tor is 3-5 times 
hi gher de pe ndin g on sampl e s ize. At the sa me tim e the 
second order of the Si I I I reflecti on is forbidden so that the 
ne utron energy can be varied freely without res tri cti o ns 
imposed by the use of a PG filter. 

Tests in the polari sed mode were performed during the 
second half of February. Reasonable values (85-90%) were 
o bt a in ed fo r th e bea m po la ri sa ti o n , und e r a va ri ety 
of ex perime nta l co nditi ons ( He lmho lt z co il , cryo mag ne t 
0-6 Tes la) and fo r a wide range of thermal neutron energies. 
At the end of the first reactor cyc le the overall performance 
of the instrume nt was verified in the course of two po lari sed 
beam experiments in volv ing ex tern al users. 

The regular exp loitat ion of the instrument for sched uled 
ex periments started at the beg inning of April and since then 
IN20 has worked reli ably, most of the time in the polarised 
mode, eithe r with the 6 Tesla c ryo magnet o r with the 3D 
He lmholtz co il. The entire cycle of August/September was 
devoted to experiments w ith CRYOPAD (zero fi eld neutro n 
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po la rimetry) in c ludin g the fir st s uccessful o pera ti o n of 
the new CRYOPAD II. On the other hand , the installation 
of the TASSE spin-echo opti on had to be postponed until the 
following yea r due to probl ems with the coolin g system 
of the superconducting co il s (see be low). The othe r major 
event scheduled for 1996 is the test of the 3He po lari s ing 
filter which , in case of a positive outcome. should provide 
a s ubs tanti a l ga in in po la ri se d ne utron flux at hi g he r 
thermal energies . 

TASSE: Spin-echo option on the polarised beam 
3-axis spectrometer IN20 

The IN20 neutron tests of the superconducting spin-echo 
coils had to be postponed due to cryogenic problems with 
th e three -s tage c ryocoo le r sys te ms developed at th e 
SBT/CENG. Th e origin o f th e troubl e ha s n ow been 
id e ntifi ed. Th e Joul e- Thom so n s tages were in fact 
overheating and cracking the lubrification oil. The cracked 
hydroca rbons hav ing a wide range of low te mpera ture 
me lting points were then periodica ll y blocking the system. 
The c ure is a s imple increase of the oi l throughput of the 
compressors. We hope that the cryogenics will run smoothl y 
for the nex t beam test-time in May 1996 . 

Meanwhile. fo ll ow in g successfu l exper im ents o n a 
simpl e and inexpensive spin-echo option based on the same 
Optim a l Fi e ld Sh ape principle (OFS) o n th e J a pa nese 
Spectrometer PONT A of ISSP Tokyo, the future of thi s 
technique looks even more promising. With an investment 
of lOO k$ it has been possible to build optimi sed res isti ve 
precession OFS coi ls whi ch improved the e nergy reso lution 
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fro m the class ical I % to I0-5 (0.15 µeY FWHM at 16 meY 
in c id e nt e ne rgy). Th e O FS co i Is be in g ve ry s ho rt , 
no s ig nifi cant intens ity loss fro m th e no rma l po lari sed 
mode of the spec tro mete r co ul d be o bse rved. They are 
de igned to accept la rge beam di ve rgenc ies without loss 
of spin-echo quality. 

Although even better energy resolution can be obtained 
with the super-conducting OFS coils at the ILL (a factor of 
50 better expected), thi s ex tremely high resolution is really 
useful for quas ielas tic scattering at high momentum transfer. 
This represents a very spectac ular ex tension of the (hw,Q) 
range access ible to neutron spectroscopy and not covered 
by other techniques such as backscattering. 

However, fo r in e las ti c wo rk , fo r exa mpl e th e 
in ves ti gati o n of the li fe time of e lement ary exc itati ons. 
the reso luti o n obtained with res isti ve OFS coil s can fo r 
the moment be considered sufficient. This is due to reasons 
inhere nt to NSE: fo r typi ca l TAS mo mentum and energy 
di stributions, the relati on between the energy transfer and 
the spin-echo phase becomes non linear w ith increas ing 
ene rgy transfe r a nd bette r e ne rgy reso luti on, i.e . la rger 
precession number. The practical upper limit li es at about 
I 000 precess io ns. a number whi ch ca n be obtained fo r 
thermal neutrons with res isti ve OFS coil s. 

Resisti ve coil s of the type of those built on PONT A are 
ideall y suited for phonon work because they allow the best 
poss ible use of the neutron flux available on a T AS . Their 
sho rt constru c tio n a nd nevertheless la rge inner di ameter 
ca use no int e ns it y loss (di s t a nces mo noc hro ma tor­
sa mpl e-analyse r o nl y s li ghtl y in creased ) and a ll ow a ll 
poss ibl e focu s ing tri cks compatible with the ex periment 
to be petformed to maximise the intensity. 

With these ideas it could be judicious at the ILL to build 
a second set of res isti ve OFS co il s, together with gradient 
coil s necessary fo r phonon foc using, fo r a high intensity ILL 
three-ax is spec tromete r to spec ia li se o n ph o no n wo rk . 
The present IN20 TASSE with the superconducting OFS 
coil s could then effi c ientl y cope with quas ielas tic scattering 
at high momentum transfer and nanoeV resolution and fl at 
branch (nondispersive) spectroscopy. 

The short res isistive OFS co il TASSE option, which just 
as the Japanese set could be built at low cost, will have to be 
des ig ned to y ie ld max imum ne ut ro n intens ity. The ILL 
three-axis spectrometer best suited for thi s will have to be 
determined based on intensity ca lculations. 

IN3: 3-axis spectrometer on the thermal guide H24 

Th e 3-ax is s pec t ro me ter IN 3 was o ne of th e fi rs t 
ge nera ti o n in s trum e nts of th e ILL. S in ce the n, more 
powerful machines like 1N8 and IN20 have been built, and 
JN 3 has beco me a second pri o rit y in strume nt. Already 
before the reconstruction o f the reactor it was operated as a 
C RG in s trum e nt. In Dece mber 1994 a 3-year C RG -A 
co ntract was s igned between ILL and the Laboratory of 
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eut ro n Scatte ri ng (ETH Z urich & PS I Vill ige n: loca l 
rep resentative : M. Zo lli ker). Fo ll ow ing the te rm s of the 
co nt ract, 50 % of t he bea m ti me is a ll oca ted to th e 
contracting CRG group and 50% to ILL users. 

After the long shutdown the electronics, the mechanics 
and the fl oor had to be rev ised . The good co ll aboration wi th 
technica l and scientifi c staff at the ILL made it possible fo r 
the spectrometer to be ready by the time the first neutrons 
an·ived on the monochromator. After a four week test peri od 
normal experiments have been performed, since March 1995 . 
Du e to a p roj ect in the ne ig hbo urh ood of IN3, a sho rt 
interruption was necessary in August fo r a recabling of the 
instrum ent. Tha nk s to the effo rt of th e e lec tro ni c staff 
of ILL, the work could be fini shed in the shortest poss ible 
time. with a beam time loss of three days on ly. 

In a step by ste p process, th e instrume nt was tu ned 
to higher intensity and better re li abilty: 

• T he co ppe r mo noc hro mato r was rev ised ( it was 
operated with onl y two well foc used lamellas instead of fi ve 
in the first cycle) . 

• A co nve r g in g g uid e ( Fi g. 4 , page 161 ) with 
supermirrors has been install ed to increase neutron flu x at 
the sample pos ition. For low energy transfer at the standard 
configuration (KF = 2.662 k 1) the integrated intensity is 
abo ut 80 % hi g he r w ith prac ti ca ll y th e sa me e ne rgy 
reso lution [3]. 

• Th e minim a l di s ta nce sa mpl e-a na lyse r has bee n 
reduced fro m 11 0 cm to 84 cm to increase the in tegrated 
intensity by a fac to r 1.7, w ith almost no loss in energy 
reso lution (focusing analyser). 

• The motor-pos itioning software has been modifi ed in 
order to reduce problems when dri ving the spectrometer arms. 

• A paras itic peak (Si 220 refl ecti on) on the graphite 
ana lyse r has be e n e limin a ted. Cadmium shee ts we re 
mounted to cover the silicon support. (A similar problem 
remains on the graphite monochromator). 

Another insuffi c iency remains in the pos itioning of the 
monochromator shielding blocks. The safety circuit shut the 
primary beam on several occasions, due to pos itioning errors 
on one block, as a result of which several nights of beam 
time were lost. Nevertheless , the overall loss of beam time 
caused by instru ment failures was less than 3%. 

IN12: 3-axis spectrometer on the cold guide H142 

IN 12 is operated as a CRG-B instru ment by KFA-Hilich 
in co llaboration with CENGrenoble with 30% of the beam 
time being used by the ILL. Scheduled experiments have 
been performed under normal conditions since April 1995. 
The modifi cations of the secondary beam shutter and of the 
support for the optica l bench in the incident beam, carri ed 
out during the shutdown, have proved very useful and it is 
now eas ie r to c ha nge th e co llim at o r be twee n 
mo noc hro mato r a nd sa mpl e as we ll as to a li g n th e 
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supermirror bender. The magnetic parts of the sample table 
have been replaced by non-magneti c materials to a llow the 
use of the 12 Tesla vert ical fie ld superconducting magnet of 
CEA/Grenoble. The install ati on of a permanent guide fie ld 
before the ana lyser has imp roved th e fl ip pin g ra ti o in 
polarised mode. We have obtained a fl ipping ra ti o of 85 at a 
wave vecto r of 2.0 A- 1 fro m a Bragg peak of a standard 
sample, us ing the I 12 supermirro r be nde r and Heusler 
a na lyser. A mode rn programmab le log ic co nt ro l has 
rep laced the old relay contro l sy tern for the monochromator 
shielding blocks. With this change we have achieved a much 
higher standard for safety and reli abi li ty. 

Roland Currat 
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Experience with the elastically bent silicon 
monochromator and analyser on IN20. 

Jiri Kulda, Institut Laue-Langevin, Grenoble 

Verti ca ll y focusing monochro mators and ana lysers 
co mp osed o f a rray o f mosaic crys ta l s la bs were 
propo ed in the early 70s [I] and soon became a tandard 
at ILL . Hori zo nta l foc us in g [2], althoug h tri ed out 
hortly after, is le common due to a more complicated 

mec ha ni ca l des ig n a we ll as the more intri g ui ng 
influence of the curvature on the spectrometer reso lution. 
Well-documented experi ence with fu lly foc using T AS 
set-ups is much more recent [3 , 4] and ex ists in a few 
laboratorie only; most recently such a pyrolitic graphite 
anaJy er became available on the INS pectrometer. Tn all 
these ea e the foc us in g ass e mbli es are co mpo sed 
of mosaic crys ta ls (PG, Cu), who e rni so rientat io n 
widths T/ about 30' enable sufficient reflecting power to 
be achieved, but on the other hand they int roduce an 
additi onal di ve rge nce of th e o rde r of 2 r, into th e 
monochrom ati c bea m , wh ic h re laxes th e e ne rgy 
re o lution and smear considerabl y the foc a l spo t a t 
larger di tances. ln this contribution we wou ld like to 
report on the first experience obtained with a vertically 
and hori zontally focusing monochromator and analyser 
insta ll ed on IN20 and usin g e las ti ca lly be nt perfec t 
Si I 11 cry tals [5]. 

To unders tand the two-fold effec t of the elas tic 
deformation, which provides horizonta l focusing and 
creates an effective "mosaic spread" in the crystal at the 
same time, an elastical ly bent crystal can be imagined as 
a pack of thin lamellas [6]. If the focusing condition i 
met, the local mi orientation of each thin lamella is such 
that the beam diffracted at any place on its surface would 
pass through the ame focal point. By adding more layers 
one ex tends the focal point in the transverse direction 
and augments the flu x through a sample of finite volume 
(Fig. l a). As a consequence, one may expect a focal spot 
size comparable to the thickness of the bent crystal with 
little dependence on the di stance fo und with di verging 
beams from mosaic crystals (Fig. lb). 

The bending holders of the silicon monochromator 
and analyser of IN20, whose photograph is displayed in 
Fig. 2, page 16 I, use a four-point bending scheme which 
a ll ow o ne to ac hi eve a go od a pproxim a ti o n o f 
cy lindrical bending between the two inner support . In 
the cour e of their des ign we have extensively benefited 
fro m the experience obtained at NPI Rez near Prague and 
at PTB Braunschweig [7] with the construction of simi lar 
prototypes of focusing monochromators using elasticall y 
bent s ilicon crys tals. T he fin a l r ea lisa tion di ffers, 
howeve r , p rofo undl y fro m it predeces o r . Th e 



-0S- THREE-AXIS SPECTROMETERS GROUP 

Crysta l 
th ickness 

Focal spot 
width ~ .l == D 

Incident beam 

Divergence 211 

Focal spot 
width ~ .l == 211L 

Perfect crystal 
elastically bent 

Fig. I: Horizontal focusing of an incident parallel 
polychromatic beam by 011 ela. tica/ly ben1 perfec1 crystal (a) 
and by a mosaic crystal (b). In the case of negligible 
abs01ptio11, the Jo al spot width depends essentially on the 
thickness of a pe,fect bent crystal, while the mosaic spread 
introduces an additional beam divergence which smears the 
focal point proportionally to the focusing distance L. 
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horizontal bending force i transmitted from a remotely 
controlled step motor by a worm gear, camshafts and 
levers instead of the screw with differential threading in 
the original design . All the crystal are mounted with 
their front face parallel and the fixed vertical focu ing i 
brought about by an inclination of the reflecting planes in 
tbe top and bottom plates by means skew cuts. In order 
to achieve crystal curvatures needed for real space 
focusing (bending radii down to about 5 m) and to keep 
sufficient reflecting volume at the same time, single 
silicon plate were replaced by packs of 2 or 3 plate of 
200 mm length and 40 mm height with an overall 
thickne of 10 mm. In the cour e of cutting special care 
had to be taken to pre erve the parallelism of the cry. tal 
face o that mutual misorientation of the plate in the 
final a · embly was kept below 2' of arc as checked by 
y-diffractometry. Only in a few ea. e additional Al 
spacer foil had to be introduced between the plates to 
correct their 01ientation. 

The output fluxes of the different 1N20 
monochromators, mea ured at samp le position with a 
calibrated monitor having a circular aperture of 10 mm 
diameter, can be compared in Fig. 3. The results were 
obtained with a 40 ' Soller collimator after the mosaic 
monochromators PG 002 and Cu 111, with 60' in the 
ea e of the Heusler 111 and without collimator in the 
case of Si 111, as would correspond to their routine use. 
The data are corrected for the second order 
contamination, being important for all of the PG, Cu and 
Heusler monochromator at k; below 4.5 A- 1. The output 
flux of the silicon monochromator reaches about 1 /2 
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Fig. 3: The monochromatic flux at sample position on IN20 
measured with a calibrated monitor with an aperture diameter 
of 10 mm. The data are corrected for higher order co11tami11atio11; 
vertical focusing of the mosaic 111.onochromators as well as 
lwriw11talfoc11sing of Si 11 ! is optimised for each wavelength. 
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of the fl ux with PG 002 in the range of ki between 3 A- 1 

and 5 A- 1, fo r which the fi xed verti ca l curvature was 
o ptimi sed . Such perfor mance is inter es tin g fro m a 
practical point of view as the beam has a smaller energy 
pread (as we shall see later) and can be considered as 

free of second order contamination thanks to the fact that 
the 222 reflection is forbidden in the diamond structure. 
Moreover its performance can be significantly improved 
in a nex t generation dev ice by using a more suitable 
vertical foc using scheme with a larger number of crystal 
plates and, possibly, with a vari able curvature. 

The vanadium scan data obtained with a cylindrical 
sa mpl e of 15 mm dia meter and 20 mm he ight and 
di spl ayed in Fi g. 4 permit a compari son between the 
luminosity and energy resolution of the Si 11 I /Si 111 
co mbin a ti o n i n o pe n geo metry and of th e 
PG 002/PG 002 with and without Soller collimators. The 
peak intensity of the ilicon set-up exceeds by several 

2 104 

0 1.5 104 
-0 
-........ 

V) 

l 104 c 
:::, 
0 
~ 

X 5000 0 
E 

0 
0 20 40 60 80 100 

Ei [meV] 

12 
-e-- PG002/PG002 [20' , 40', 60 '] 

10 
---a-- PG002/PG002 [open] 

8 -- Si l 11 /Si l 11 [open] 

> QJ 6 .s 
w 4 
<I 

2 

0 
0 20 40 100 

Fig. 4: The peak intensities (a) and energy widths (b) of the 
vanadium scan profiles obtained with a sample of 0 J 5x20 mm3 

dimensions; the solid lines are a guide to the eye. 
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times the intensity prov ided by the pyroli tic graphite 
with collimators and approaches that of PG in the open 
geometry, which on the other hand has a 2-3 times worse 
energy resolution. The drop of the peak intensity when 
approaching both ends of the thermal energy range is due 
to the above-mentioned lack of verti cal focusing on the 
monochromator side. It foll ows that the performance 
of the hori zontally foc using silicon analyser is in the 
whole thermal range significantly better than that of its 
fl at PG counterpart. Indeed, replac ing just the PG 002 
analyser (with 40' Soller collimators before and after) by 
an Si 11 l analyser in an open geometry brings typical 
gain factors of the order of 3-5 in intensity; this gain is 
reduced by 30% - 40% if a 60' collimator is used with 
the Si analyser to avoid the risk of parasitic scattering by 
a cryostat as in Fig. 5. The increase in intensity obtained 
with the si li con analyser is similar to the values repo1ted 
for horizontal foc using set-ups with PG crystals [3, 4); in 
such a comparison the advantage of sil icon would be 
better resolution, absence of second order contamination 
and a low cost. 

The basic theory needed to understand the behaviour 
of the elastica lly bent foc using monochromators is quite 
simple. The integrated reflecting power.of an elasticall y 
bent perfect crystal can be calculated, unlike the case of 
mosa ic crystals, in an exac t manner using dynamical 
diffraction theory (8, 9) and for the present purpose the 
general solution can be large ly simplified. In fact, it is 
safe to assume that the rocking curve of a perfect crystal 
plate of thi c kn ess D b e nt with a radiu s R has a 
rec tangular box -like shape so th a t the integra ted 
reflectivity p is given simply by the product of its width 
80 and height r. In the case of a symmetric refl ection 
geometry and of a negligible absorption, we obtain 

p = 80 r = D cot 0 [1 - exp(-Qk;,, R/cos e)] (1) 
R 

F z AJ 
where 0 is the Bragg angle and Q k;,, = vi s~n20 is the 

usual ex press ion for the kinematic reflectivity . The 
express ion ( l ) corres ponds to a simpli fied case of 
one-dimensional cylindrical bending, in the case of need 
it can be ex tended to cover compl e te ly any kn ow n 
three-dimensional strain field in the crystal in a general 
diffraction geometry. 

The perfo rmance of a monochromator is measured by 
the fl ux deli vered at the sample position to which the 
beams leav ing the whole ex it surface of a foc usin g 
monochromator can contribute. The conditions for real 
space focusing are governed by the basic equations of the 
mirror optics (e.g. ref. [6]) and there is no di ffere nce 
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Fig. 5: Transverse acoustic phonon scans in Sco_1Tio_9Fe2 
measured at kt = 4.1 k 1. The Cu 111 monochromator is used 
in combination with either the Si 11 I analyser with 60' -00 

collimation(• ) or the PG 002 analyser with 40 ' - 60' 
collimation ( ~-

between perfect and mo aic crystals in this respect. In 
the horizontal plane, there are two cases of particular 
importance: 

• The monochromatic (Rowland) focusing between a 
point source and point focus lying at equal di stances 
(symmetric reflection) 

l '" = R sin 0 (2) 

in thi ea e, the flux concentration in real space is 
achieved without deterioration of the energy re olution 
(the focu ed beam bas a pread in wave vector direction 
only). 

• The parallel beam focusing at a di tance 

L =.!_ R in0 (3) 
p 2 

which provides maximum flux for an incident beam 
emanating from an extended source at a large di tance 
(paid by an increased pread in both wave vector 
direction and length). 

The important difference between the elastically bent 
and mo aic crystal i that the width of the rocking curve 
of an ela tically deformed crystal depends on the 
bending radiu and hence on the focusing distance via 
equation (2) or (3). Inserting the bending radiu e.g. 
from eq . (3) into eq. (I), we obtain a formula for the 
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integrated reflecting power of a focusing monochromator 
of thickne. s D illuminated by an incident beam of width 
Sas seen by a sample placed at the focal di tance l µ, 

One should notice that the integrated reflectivity p, in 
the ea e of a strong reflection (vanishing exponential in 
the brackets) , i given imply by the effective 
"mosaicity" S D/(2Lp) which is proportional to the 
irradiated monochromator volume S D and inversely 
proportional to the focal di tance LP. As a consequence 
of this coup lin g between focusing and "mosaicity" 
the performance of the elastically bent crystal can be 
optimi ed by employing compact arrangements with 
short focusing di stances and / or by maximi sing the 
irradiated volume of the crystals . For use of large 
curvature , as required for short focu sing distance , 
materials uch as Ge or Be, exhibiting a high kinematic 
cattering power Qkin are needed since otherwi e the 

small bending radiu would re ult in a drop of the peak 
reflectivity given by the exponential terms in eq . ( l ) and 
(4). If a large crystal thicknes is preferred, the use of 
ilicon with it excellent tran mi s ion properties i 

favourable. However, a the focal point gets meared 
because of the rays coming from different depths in the 
cry taJ (cf. Fig. la), a thickne of the order of 1 cm, 
comparable to the typical ample dimensions, appear to 
be a rea onable choice. 

So far we have concentrated on the focu ing in real 
space yielding the maximum monochromatic flux on the 
sample. Another intere sting option is however to 
acrifice the maximum flux in favour of reaching the be t 

pos ible resolution for the tudy of the line hape of an 
excitation focu ed in reciprocal space. The TAS 
re olution ellip oid ha the form of a relatively flat di k 
whose thickne s ( horte t main axis) is determined by 
the effective mo aicity of all three crystals involved and 
hence can become very thin if flat perfect 
monochromator and analyser are used together with a 
high-quality sample cry taJ. Thi point is illu trated by 
the re ults shown in Fig. 6, which refer to a recent 
inve tigation of the i otopic di 'Order effects on phonon 
frequencies and line widths in germanium. By reducing 
the bendi ng of both monochromator and analyser, the 
Bragg scan width wa brought down to about 0 .025 
reciprocal lattice unit (r.J.u.) and the line width of the 
TA phonon in the [ 11 OJ direction approached very 
clo ely thi value. When converted to the energy scale, 
the FWHM of the phonon peak in Fig. 6b amounts to 
about 150 µeV . Thi re olution limit is given by the 
mechanical. accuracy of the spectrometer, which permit 
a minimum angular step width of 0.01 °; in addition the 
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Fig. 6: The profiles of a Bragg scan ( a) at { 4 0 0 J 
and of a transverse acoustic phonon scan ( b) at Q = [ 4 0.3 0. 3 J 
on an isotopic mixture crystal of Ge70JGe76 measured with 
the Si I l J monochromator and analyser at curvatures 
optimised for maximum intensity by real space focusing 
(o; intensity reduced 5x) and for maximum resolution 
by reciprocal space focusing(• ) at k1 = 4.1 k 1. 

data in Fig. 6 bad to be taken using E = const. scans in 
order to minimise the infl uence of spec trometer 
positioning error by avoiding the variation of the 
monochromator and analyser angles. 

This last example demonstrates the flexibility offered 
by the elastically bent crystals, which allow one to 
optimise the IN20 configuration for maximum scattered 
intensity as well as for maximum energy resolution . 
When optimised for real space focusing, the gain in 
intensity for the same energy and momentum re olution 
reaches a factor of up to 5 (depending on the sample 
shape and size) compared to mosaic crystals combined 
with Soller collimators. On the other hand, about the 
same gain factor can be obtained in line width when 
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looking for reciprocal pace foc u ing. Be ide it direct 
interest for regular experiments, this et-up provides a 
point of departure for implementation of the perfect 
crystal moaocbromators and analysers on other 
instruments. In particular the lN20 analyser, thanks to 
the standardi ation of the mechanical design, can already 
be used on lN l and lN14. 
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Time-of-Flight and High 
Resolution (TOF/HRJ Group 
IN4C New TOF Spectrometer on the thermal beam tube 

H12 (project) (H. Mutka, A. Murani , D. Weddle) 

INS Multichopper TOF Spectrometer on the cold guide 
H16 (J . Cook, M. Ferrand, S. Jenkin ) 

I 6 Focusing TOF Spectrometer on the cold guide 
HIS (H. Schober, A.J . Dianoux, S. Jenkins) 

IN I O Backscattering Spectrometer on the cold guide 
HIS (0. Randi , M. Johnson, P. Joubert) 

IN 11 Spin-Echo Spectrometer on the cold guide 
Hl41 (B . Farago, P. Schleger, E. Thaveron) 

IN 15 High-Resolution Spin-Echo Spectrometer for long 
wavelengths on the cold guide HS 11 (project) 
(A. Kollmar (KFA), S. Pouget, P. Giraud) 

IN 16 New Back cattering Spectrometer on the cold 
guide H53 (project) 
(B. Frick, M. Johnson, F. La Rizza) 

D7 Diffuse Scattering Instrument with Polarisation 
Analysis on the cold guide H 15 
(K. Andersen, I. Anderson, R. Rebe co) 

Group Engineer: J.F. Barthelemy 

Two new scientists were employed at the beginning of 
the year: K. Andersen and M. Johnson. C. Lartigue left ILL 
in the middle of the year as a result of which P. Schleger was 
recruited, who is working on the spin-echo spectrometers 
INI I and I 15. B. Alefeld has been seconded since July 
from KFA Jtilich to prepare installation of the focusing 
mirror option on IN15. C. Hayes (E.U. post-doc) arrived in 
October and will pend two years at ILL developing this 
option on IN 15. 

Besides the activities concerning the instruments, some 
members of the group have invested a lot of time to the area 
of Computing for Science. This important topic is the 
responsibility of M. Ferrand. 

Computing for Science 

The computing activities of the TOF/HR Group have 
developed in three main directions: time-of-flight and 
backscattering on-line data in pection and data analysis, the 
creation of a new Molecular Simulation activity and, as a 
consequence, the implementation of a new package for 
Molecular Dynamic imulations analysis for comparison 
with results derived from neutron scattering experiments. 

• Large Array Manipulation Program (LAMP) 

LAMP was developed jointly by the CS & TOF/HR 
groups [1-2]. It provides a predictable and intuitive graphical 
user interface, which integrate cientific visuali ation with 
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an enhanced data language. Many high-level modules 
are predefined to enable interactive data analy is and 
vi suali sation of 2D and 3D data. Originally, LAMP was 
designed for time-of- flight and back cattering data 
examination . Now, with very little effort on the part of 
LAMP user , it is possible to go beyond data inspection. 
Fast and relatively accurate on-line data reduction and data 
treatment can thus be performed. 

LAMP is running at the moment on the Silicon Graphics 
work tations of INS , IN6, D7, I 10, I 16. LAMP is al o 
running on VMS computer and is currently being 
developed for Power Macintosh . 

After working with LAMP for a year, the majority of 
users appear satisfied and extremely interested in thi s 
interface. 

• Application for General Analysis of Time-of-flight 
and High-resolution Experiments (AGATHE) 

A GA THE is an environment developed especially for the 
U IX sy terns by M. Bee [3] . A u er interface makes it 
possible to graph , inspect and analyse time-of-flight and 
backscattering experimental data on the basis of a plausible 
model for the scattering function. Indeed, attempts to build 
program s applicable to numerous different ituation 
generally re ult in a very complicated code, with a lot of 
input parameters and options. Even a sophisticated code is 
unlikely to be so general as to be able to deal with any 
physical problem. AGATHE provides a midway option. The 
user is left to write his own model himself, i.e. the relevant 
scattering function to be compared to experimental data, but 
he is relieved of the task of writing the code for comparison. 

The refinement facility enables the comparison of the 
same user's scattering function with data obtained from 
different pectrometers. In fact, different aspects of the ame 
dynamics may be revealed by different instruments 
mea uring on different timescale . It must be pointed out 
that an important option offered by AGATHE is the ability 
to refine simultaneously data derived from different neutron 
scattering experiments (data from different spectrometers 
and/or data recorded at several temperatures or with various 
incident energie ). 

• Ab initio calculations and Molecular Dynamics 
Simulations 

This new activity was initiated by A.J. Dianoux, M. Bee 
and M . Ferrand. Simulating structural and dynamical 
properties of molecules for comparison with result obtained 
by neutron scattering experiments has been found to be of 
crucial intere t. 

The imulation make u e of emi-empirical potential 
energy function that express the potential energy in term 
of chemically interpretable interactions . Before any 
simulation can be performed, the molecular force field mu t 
first of all be correctly parameterised. Ab initio quantum 
chemi try calculation make it possible to obtain a more 
accurate description of the geometry and energetic of 
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molecules. The information derived from these calculations 
is then transferred to the semi-empirical potential energy 
functions for simulations. 

A Ph.D. the s is s tudent (N. D. Morelon , whose 
supervisors are M. Bee and M. Ferrand) is currently carrying 
out Molecular Mechanics and MD Simulations on inclusion 
compounds (system TANO-alkanes) . Ab initio calculations 
are performed in the gas pha e, using the program Gaussian 
92 on a CRAY at the CENG [4]. Molecular Dynamics 
Simulations are then due to be performed using the program 
CHARMM Version 24.b [5], which was bought by the 
TOF/HR Group in November 1995. Preliminary results have 
been very encouraging. 

• Neutron scattering-oriented analy i of Molecular 
Dynamics Simulations (nMOLDYN) 

This program was written by G. Kneller [6-7) from the 
lnstitut filr Theoretische Physik, Aachen, Germany and both 
implemented and tested in collaboration with M. Ferrand in 
March 1995. nMOLDYN is a modular program package for 
the analysis of Molecular Dynamics Simulations . It is 
especially designed for the computation and decomposition 
of neutron cattering spectra. The structure and dynamics of 
the simulated sys tems can be characterized in terms of 
various space and time correlation functions. To analyse the 
dynamics of complex systems, rigid-body motions (using 
quaternions) of arbitrarily chosen molecular subunits can be 
studied. In the TOF/HR Group, this program should very 
oon be used extensively for the analysi of the dynamics of 

inclusion compound and molecular crystals. 

IN4C New TOF Spectrometer 
on the thermal beam tube H12 

The time-of-flight spectrometer on the thermal beam 
H 12 is being built in cooperation with Italian neutron users 
(CNR-ltaly, coordinator F. Sacchetti , Perugia). 

The design of all the mechanical components is now 
finished and order for their manufacture have been placed. 
The installation of the primary casemate is for the most part 
complete. Several sub-assemblies have been delivered or are 
expected in the first month s of 1996. Difficulties in the 
factory testing of the chopper have delayed the mounting of 
the primary spec trometer elements. Thi s work i now 
planned for the first half of 96. Final installation of the 
spectrometer will take place once the secondary flight path 
box is available (expected mid 96). 

In the organisation of the Institute this project is attached 
to the Project and Techniques Divi sion (see relevant 
chapter for further information). 

INS Multichopper TOF Spectrometer 
on the cold guide H16 

During 1995, 610 experimental days were requested and 
159 days were allocated, corresponding to an over-demand 
of a factor of around 3.8. 
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I 5 started up es entially with new acqui sition and 
multidetector electronics, untested with a pul sed neutron 
beam. The CAMAC time-of-flight unit and chopper control 
were replaced by their VME equivalents. The first neutrons 
from the reactor during the instrument recommissioning 
period quickly revealed in adequacies in the phasing 
algorithm for the frame overlap chopper (slave) for speeds 
differing from that of the master chopper. The cause of the 
problem was rapidly identified and re olved by a temporary 
modification to the hardware (and subsequently by a 
permanent signal divider unit developed at ILL). Initial 
measurements of the incident beam monitor count rate 
indicated an approximate loss in flux of about 30 % with 
respect to the value expected. This result was confirmed by 
a carefully controlled measurement u ing standard scatterer, 
as well as by gold foil measurements . The loss of flux was 
discovered to have been caused by a broken section of guide 
due to the over-tightening of a screw. Maintenance work 
could only be carried out on the guide during the subsequent 
hutdown of the reactor. Some of the user beam time lost as 

a result was recovered by allocating all available test days to 
the first visitors. Once the guide had been repaired, the 
expected incident flux level was re-established. During the 
hutdown , the paramete r setup program interface was 

improved to help users unfamiliar with the time-of-flight 
technique to avoid typical errors in the choi ce of their 
experimental parameter . This interface ha been continually 
updated and improved throughout the year, to ensure that the 
instrument configuration setup i a traightforward and 
meaningful to the u er as possible. 

Following some calculations of maximum peak and 
mean neutron arrival rate s at the multidetector , it was 
estimated that the area of the existing beam stop (which was 
circular) was largely in ufficient to eliminate the possibility 
of electronic saturation both at the data buffering stage and 
from the point of view of the maximum data processing rate 
of the multidetector channel card. Estimates showed that all 
possibilities for saturation could be eliminated for neutron 
wavelengths greater than I O A and so a new beam stop was 
tailored to the profile of a I O A beam (which is clearly 
rectangular) at the position of the multidetector. This new 
beam stop allows a minimum Q of approximately 0.14/A A- 1. 

The first Brillouin scattering experiment during the second 
reactor cycle revealed a seriou logic fault on the 
multidetector channel card, whereby the detector address 
and the timer word were displaced with respect to each other 
by one event. Thi led to TOF spectra in each regrouped 
zone of the multidetector which resembled the area-averaged 
spectrum . The problem was rectified on a replacement 
channel card , who e data proces ing capaci ty was a lso 
increased by a factor of four compared with the original 
card . A new hi gh-performance dedicated multidetector 
channel card is currently being developed at ILL to replace 
the existing channel card. 
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Following the third reactor cyc le, the di sk of the frame 
overl ap chopper (2-s lot) was replaced with a single-s lotted 
di sk, recentl y recoa ted with Gd20 3. Thi s meant that the 
same spectral in fo rmation could be co llected by turning the 
new di s k a t do ubl e th e s pee d of th e o ld di sk. Th is 
modification has the clear advantage of increasing the phase 
stability of the di sk at higher speeds (and, mo t importantl y, 
increasing the stability of the TOF unit triggering), as well 
as eliminating to an e ven greater extent the likelihood of 
contaminant wavelength leaking through the chopper system. 

During the first shutdown, serious subsidence of the fl oor 
a round th e sa mpl e a rea of INS was rec tifi ed by th e 
high-pressure inj ection of concrete into the affected zones 
a nd a re le ve lin g of the sample table support structu re. 
16 new detectors have been ordered to repl ace defecti ve 
units generating unacceptable noise levels. 

I 5-TF (Time Focusing) 
Re pl aceme nt o f the prim ary s pec tro me te r is in the 

project definiti on stage. The new primary pectrometer will 
incorporate a dedicated supennjrror converging guide and a 
fundamentally new concept for the chopper system capable 
of time focu sing of the incident ne utrons at the detectors. 
The anticipated gain of neutrons on the sample is typically 
o ne o rde r of mag nitud e over the c urre nt IN S with a n 
increased energy resolution. 

IN6 Focusing TOF Spectrometer 
on the cold guide HIS 

In trument IN6 operated according to schedule. Initi al 
problems with the data acquisition electronics were resolved 
during the commiss ioning peri od. An e lectronic damping 
device, which further enhances the pha e stability, has been 
added to the chopper control unit. On-line data visuali sation 
using the ILL program package LAMP ha proved to be an 
ex tre me ly useful too l fo r carryin g out the ex perime nt . 
Several components of the instrument are now reaching their 
natural age limit and will be replaced in succes ion. In thi s 
contex t, the B4C shielding has been renewed and the moving 
collimator refurbi shed. Te t experiment carri ed out with 
time-focusing in the inelasti c (up-scattering) region have 
produced very encouraging results ( ee Fig. 1 ). However, the 
ac tu al chopper bearings do not a ll ow thi s option to be 
exploited on a regular basis, as their speed is limited to about 
10 000 rpm (focu s ing at 4 meV). [f there is suffici e nt 
demand from the IN6 user community for higher speeds, 
effort to change to magnetic bearings should be undertaken. 

Where the ample environment is concerned, IN6 will be 
equipped with a cryo-furn ace at the beginning of 1996, 
allowing very table and gradient-free temperature setting 
in the range from 4 K to 600 K. 

INlO Backscattering Spectrometer 
on the cold guide HIS 

o majo r proble m were encountered during the fi ve 
cycles of 1995 . The firs t cycle after the refu rbishment of the 
HFR has bee n ma inl y dedi cated to in s trum e nt tes ts. 
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Fig. I: Comparison of the vibrational density-of-stares G( w) as 
obtained with the instrument IN6 using a) the elastic rime-focusing 
condition and b) rime-fornsing CII 4 meV (up-scattering). The 
substance is RbC60 in its dimer state (B. Renker. F. Gompr (FZK). 
H. Schober (ILL)) ( only a section of G( W) is shown). This example 
shows very convincingly 1he improvemenl in reso/u1io11 al larger 
energy lramfers obtained by lime-focusing in the inelastic region. 

In part icular, the diffe re nt monochro mators fo r IN I 0 8 
(BaF2, KCI. aF, aC I, NaBr. al) have been calibrated 
and their intrinsic resolution has been measured. A set of 
Si (3 1 I) analyser pl ates - financed and manufactured jointly 
by the Uni versity of Vienna (Prof. Yogi) and the TU Munich 
(Prof. Petry) - has been examined in order to detennine the 
idea l g lu e ing procedu re. At the e nd of thi first cyc le, 
sc hedul ed ex pe rim e nt s co uld a lread y be carri ed o ut 
successfull y. 

Altogether, there were 164 cheduled measuring days on 
IN I 0 in 1995. Apart from unscheduled reactor shutdowns, 
no effecti ve losses were incurred , s ince bu ffe r time was 
allocated to user who lo t time due to in. trument problems. 

Some technical progress has been ac hieved: 

INIOB ( i.e. the va ri a ti on of th e neutron e ne rgy by 

heating or cooling the monochromator instead of using a 
Doppler dri ve) has with stood tes ts and is now used as a 
standard option. Fig. 2 hows the results recently obtained 
on Tribromomes ity lene. A huge dynamical range (up to 
0.8 me V) ca n now be cove red ( ee T a b. I ) w ith out 
significant losses in re e lution. Recently, the li fetjme of the 
4He roton was measured wi th a re olution better than I µeY 
(NaF monochro mator)! The most frequently used INI0B 
monochromator, KCI. onl y gave 3 µeV resolution in initial 
experiments, bu t it has since been replaced and now shows 
reso luti on a nd inte ns ity va lu es co mparabl e to that of 
unpoli shed Si ( 111 ). Development work continues: efforts 
are currently being made to control the itrogen flu x more 
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Fig. 2: Tunnelling spectrum of Tribromomesirylene at 1.5 K, 
measured with the KC/ monochromator (resolution approx. 
1.5 peV). Th e sample was kindly pml'ided by Prof Meinel/ 
( University of Rennes). 

Crystal Reflection min.energy max. energy Sample flux 
(µeV) (µeV ) (arb. units) 

Silicon I I I -14 +14 l 
~unpol.} 

NaF I I 1 -81 3 -602 0.3 

NaCl 200 -534 -339 1.7 

NaBr 2 00 -252 -80 0.4 

BaF2 2 00 -62 +19 0.25 

KCI 200 -16 +128 J.3 

Nal 2 00 +92 +226 0.5 

NaCl I I 1 +119 +266 ? 

Table I: Energy range and sample flux for the different 
monochromators used for IN I OB. The flux is approxima1ive and 
can va1:\' according to the crys1als available. Th e corresponding 
1•alues for unpolished Silicon (used for IN JOA onlv) are gil'en 
for comparison. The resolution is about 1.5 µeV for KC/, BaF2 
and NaF: if is 1101 yet known fur the other monochromators. 

automatically, in a similar way to the IN13 setup . Also, a 

turbo pump has been installed in order to improve the 
vacuum in the cryofurnace, thereby increasing its lifetime. 

As mentioned above, a who le set of Si (3 11 ) analyser 

plates has been manufac tured by a group of external 
co llaborators and te ted on IN I 0. The whole large-angle 

region (i. e. all but the small angle rings and arcs) can now be 
eq uipped with these analysers. Together with the Si ( I I I) 

analyse rs, the new pl ates make it possible to cover the 
Q-range from 0.1 to 3.8 A- 1. A new oxygen-doped Si (3 11 ) 

monochromator ha s bee n s upplied by A. Magerl 
(monochromator group). At the moment, typical count rates 
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are about 2-3 times lower than corresponding values of the 
Si ( 11 I) setup. Preliminary tests have produced a resolution 
of the order of 3 µeY in ' ideal ' backscattering , but the 
resolution worsens dramatically as soon as the detectors are 
out of backscattering. Therefore, thi s option necessitates the 
use of the multidetector (see below), which allows all the 
analysers to be in ideal backscattering. Another problem is 
the exis tence of parasitic Bragg peaks from the samp le 
environment (furnace or cryostat). It is planned to construct 
a se t of Cd Debye-Scherrer masks to overcome this 
disadvantage. 

The TU Munich has a lso g lued one analyser plate of 
Si (Ill) crystals. Initial tests have shown that these large 
crystals ( the sa me as those used on IN16 ) give better 
resolution and almo t double intensity with respect to the 
plates currently in use (sma ll crys tal s). Therefore, it is 
planned to replace the existing analyser plates in the long 
run. More systematic tests are scheduled for 1996. 

A novel multi-wire 4 He multidetector - financed by the 
University of Vienna (Prof. Yogi ) - is being constructed 
jointly by the EMBL (A. Gabriel) , the TU Munich 
(W. Petry) and ILL. The detector housing and most of the 
surrounding electronics are finished . Tests us ing a flat 
prototype have been carried out s uccessfully on DI 0 
in collaboration with the EMBL ( F. Cipriani ) . The 
multidetector should be ready for tests on IN I O in the first 
half of 1996. 

A new type of deflector has been tested in collaboration 
with A. Magerl. The graphite mosaic crystal was replaced by 
a perfect Ge crystal stimulated to vibrations by an ultrasound 
transducer covering about half the beam size. Initi a l tests 
have shown that the flux of the deviated neutron beam 
is about 2/3 of the usual flux with a g raphite deflector. 
We intend to continue these studies in 1996. 

The chopper has been equipped with an rpm meter and 
can now be set from the OS9 level. The next step will be to 
modify the setup program so that the chopper frequency 
is set automatically depending on the monochromator in use. 

The whole instrument (guides, sample position ... ) has 
been realigned with high precision (A. Cumin, R. Gandelli). 
An aluminium ruler has been installed o that the absolute 
angle position of the seco ndary s pectrometer can be 
determined easily . 

The Doppler drive is o ld and needs some attention: 
in particular, it is constant ly losing oil. Efforts are being 
made in collaboration with the Hall d 'essa is (M. Thomas 
and M. Locate lli ) to modify the pi ston so that oil losses 
are reduced. 

A new Silicon Graphics workstation ha been insta lled, 
allowing the ex perimentali s ts to use sophi sticated data 
v isualisation and data treatment routines. The LAMP 
program now offers a very powerful and user- friendly 
way of in s pectin g data. All the re levant pro gra ms 
(SQW, PROFIT, FIRR ... ) have been adapted to UNIX. 
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One of the rare components of IN LO that has not been 
improved or modified in 1995 is the supermirror guide 
between the deflector and the chopper. The possibility of 
improving the flux at the sample position by replacing this 
old guide by a supermirror trumpet (simjlar to the one used 
on IN3) has been con idered. A stagiaire will examine the 
problem in more detail in early 1996. 

INll Spin-Echo Spectrometer on the cold guide 8141 

The new precession coils have confirmed expectations. 
The magnetic field is more homogenou s than before. 
Together with the better positioning support of the Fresnel 
coils at a given wavelength, it has been possible to extend 
the reachable time range by about 30%! At the same time, 
the phase stability and resolution reproducibility have 
improved enormously. The compensation coils of the rr./2 
flipper were replaced with an asymmetric Helmholtz-type 
arrangement, which improved flipper efficiency and reduced 
dependence on the main magnet' s residual field (Fig. 3). 

The iron neutron guide carter of D 11 has been replaced 
with aluminium. In the high-angle region, it was close to the 
coils of IN 11 and caused serious perturbation of the 
magnetic field. With the new carters, a gain of at least 50% 
in resolution is obtruned. 

The new transmis sio n polari se r also gives very 
comfortable flexibility . The wavelength can be changed 
without mechanical modification of the instrument (which 
was not the case with the s upermirrors in reflection 
geometry, where the takeoff angle had to be changed 
depending on the wavelength). For example, in a recent 
experiment on glass transi tion , four different wavelengths 
were used to measure at a fixed scattering angle. This made 
it possible to have four different q values at the same time 
using a different time range (this varies with the third power 

1.0 ....,..,....T'T".,..,...,..,..,..,..,..,..,"T"l' ...... 'TT.,.....,..,..T"'l"",..,..,r-r'l"T"f~.,....~ 
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Fig. 3: The best old (empty symbol) and new (full symbol) 
resolution curve of IN] 1 at 8. 1 A. At low currents the Helmholtz 
flipper helped, at high currents the better homogeneity in the main 
precession field. The 400 Amps correspond to about 20 ns in 
Fourier time. 
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of the wavelength). The same advantage was also used in the 
SANS geometry. Here, in general, the scattered intensity 
drops rapidly with increasing q but at the sa me time a 
reduced resolution is sufficient. Changing from 8 to 6 A 
increases the incoming flux by almost a factor of 10, while 
the maximum Fourier time is reduced from 20 ns to 8 ns. In 
addition, we have a gain factor of about 2 around 5 A in 
flux, we break even around 8.5 A and we lose about 20% at 
12 A. This is explained partly by the absorption of the Si 
plates of the transmission polariser and partly becau e of 
missing divergence arriving on the polari ser (long 
discontinuity of the guide at the selector and a mismatch 
between the rectangular section of the polariser, the guide in 
front of the selector and the round guide section between the 
two). The installation of the prepolariser guide at the same 
time was delayed, it is planned to replace the ageing velocity 
selector. This should at least allow us to recover the mis ing 
neutrons but we hope for a more substantial grun. 

INllC has now about 40% of the necessary supermirrors 
for the multidetector analysers. At the time of writing, we 
are just stamng the fust preliminary measurements with the 
available supermirrors to test the homogeneity of the 
magnet. This should allow us to design the necessary 
correction coils, whi le the rest of the supermirror wi ll be 
produced by our neutron optics group. 

INIS High-Resolution Spin-Echo Spectrometer 
for long wavelengths on the cold guide HSU 
(cooperation ILL-HMI-KFA) 

The first neutron spin-echo measurements were made on 
a polymer sample in solution early in I 995. Fourier times of 
up to I 00 ns were achieved. These first measurements were 
made with the V-shaped transmission polariser in place. 
This polariser gives a flipping ratio of about 20 and good 
transmission of neutrons of wavelengths of up to 15 A. 
A seco nd polariser is being developed for longer 
wavelengths. The analyser installed for these first spin-echo 
measurements does not cover the entire solid angle of the 
multidetector. It will be replaced next year. Occasional 
instabilites of the echo phase were recently detected, the 
origin of which has not yet been identified. 

The VME electronics, previously controlled via OS9 
by a micro VAX station, is now under the direct control of 
a Macintosh computer (Mac VEE interface). All the power 
supplies are controlled via a GPIB bus. Tests of the new 
acquisition software (Igor Pro, Wavemetrics), similar to that 
already existing on IN l l, are in progress. 

A high-quality toroidal focusing mirror was also recently 
installed on INl5. The focusing mirror is designed to yield a 
higher intensity at the sample position without degrading the 
q-resolution at small q values. It will be used for wavelengths 
above 17 A. The 4 m long mirror, manufactured by Zeiss, 
consist of eight identical elements (500 x 150 mm2). 

The mirror surfaces are highly polished zerodur substrates 
coated with a 65Cu layer protected by a thin layer of 
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aluminium. Th e surface microroughness is less than 
3 A rms. The mirrors were mounted and optically aligned 
using a 1 mm diameter light source. The entire mechanics to 
support and align the mirror was manufactured at KFA 
Jiilich. The neutron focusing properties of the mirror were 
measured using a small two-dimensional position-sensitive 
detector with a spatial resolution of 1.5 mm . The detector 
was placed at one focus ( I 0.7 m from the centre of the 
mirror) and a circular diaphragm at the exit of the neutron 
guide tube a t the other focus. The wavelength and 
wavelength di stribution of the neutrons, in addition to the 
diameter and position of the source diaphragm, were varied. 
Figure 4 shows an isointensity plot and the normalized 
intensity profile measured for A= 17.5 A, !).')JA,= 15 % and 
a source diaphragm diameter of 2 mm. The overall width of 
the image is influenced by the wavelength and the 
wavelength re so lution of the neutrons and also by 
geometrical factors, such as the great length of the mirror, 
which gives ri se to coma. Image degradation due to the 
gravitational fall of the neutrons was minimised by lowering 
the diaphragm below the focus. For thi s particular 
configuration, the contrast ratio is of the order of 5 * 10-5 for 
q > 10-3 A- 1 and the minimum resolvable scattering vector is 
about 5 * 10-4 k 1. These results are significantly better than 
those obtained in previous tests of focusing mirrors (NIST 
and KFA), which were hampered by poor mirror surface 
quality. Combination of thi s neutron focusing option with 
the standard spin-echo spectrometer configuration will be 
tested in the coming year. 

The mechanical problems associated with the chopper 
motors for the time-of-flight option have been resolved. 
Tes ts with simultaneo us rotation of all choppers of the 
three-chopper ensemble and modifications of the control 
software are foreseen. 

IN16 New Backscattering Spectrometer 
on the cold guide H53 (project) 

I 995 was an exciting year for everybody involved in the 
planning, construction and testing of JN 16. We were all 
curious to see how the new backscattering spectrometer 
would perfom. Would we get more neutron flux with the 
new focusing concept? Would the deformation of the high 
energy resolution monochrom ator and analyser single 
crystals be too large? Would the strain distribution on the 
deformed, low resolution analyser crystals give an energy 
resolution reasonably distinct from the high reso lution 
setup ? After all , we had assembled the single components of 
the instrument during the reactor shutdown without being 
able to test them with neutrons. 

On February 4, 1995 we measured, for the first time, the 
in trumental resolution function with a Si( 111 ) 'deformed 
crysta l' monochromator and analy ser. The shape of the 
resolution function turned out to be close to a Gaussian with 
a FWHM = 0.9 µeY. The much better defined lineshape in 
co mparison to IN I 0 was the result of deforming larger 
si licon wafers , a decision which was taken as a result of 
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Fig. 4: lsointensity plot (a) and normalised intensity profile (b) 
of a neutron beam focused using a 4 m toroidal mirror; il = 17.5 A, 
L1Yil = 15 %. source diaphragm diameter 2 mm. 

multiple tests carried out at LLB and NIST during the 
reactor shutdown (A . Magerl, B. Frick). These results were 
encouragin g and we continued building the rest of the 
deformed analyser set, which then was ready in July . 

The energy resolution for the undeformed , poli shed 
analysers turned out to be FWHM = 0.38 µ.eV, having a 
similar shape to the IN I 0 resolution function. This was not 
entirely satisfactory . The FWHM was improved to a value of 
0.27 µeY (M. Johnson, B. Frick) by using an analyser plate 
with very thick perfect crystal s to avoid deformation during 
glueing. A new set of thick Si( 111) to complete the polished 
setup ha just arrived. 

Concerning the neutron flux on IN 16, direct monitor 
comparison and go ld foil ac tivation reveal ed a n 
improvement over INI Oby a factor of 2.5. Under equivalent 
conditions this extrapolates to a facto r of 4-5 more flu x on 
IN16. The signal to background ratio (about 150-200) was 
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less satisfactory and some improvement was sought. 
Absorbing shields were included in the deflector chopper, 
but produced only a minor improvement because th e 
background occurs during the deflec tion period of the 
chopper. We will try to improve on thjs during the January 
shutdown . 

Another important improvement was made on the 
multidetector background. The amplifiers of all detector 
tubes were replaced with new "Oed amplifiers", which gave 
a significant improvement. Also prelimjnary tests were made 
with Si(3 l l) crystals. 

Up to the middle of next year, IN16 is still in the 
commissioning phase, but the first official users were 
already received on IN16 in July . In total , 30 days of 
beam-time were scheduled for users in 1995. They 
succesfully investigated research areas such as tunneling, 
anisotropic molecular diffusion in inclusion compounds (see 
text in College 7 report on TANO), inelastic SANS on liquid 
crystals, H in nanocystalline Palladium, Oxygen diffusion, 
lattice dynamics of quasicrystals and dynamics of network 
glasses. 

D7 Diffuse Scattering Instrument 
with Polarisation Analysis on the cold guide HIS 

D7 has been running reliably and without technical 
problems since the startup of the reactor. 1995 has seen a 
change of instrument responsibles and a gradual transfer of 
know-how essential for the running of the instrument. In the 
last round of proposals, D7 was in high demand with a ratio 
of requested to available beam-time of 2.5. The ability to 
perform polarisation analysis within a multidetector setup is 
becoming recognised and is increasing the demand for D7 
in the user community. An experiment performed this year 
on the excitations in liquid H2, in which the scatteri ng from 
the J = 0 (para-) hydrogen was determjned separately from 
the strong incoherent scattering from the ortho-hydrogen, by 
using the polarisation analysis option illustrates this trend. 

Both diffraction and time-of-flight data from D7 with 
and without polarisation analysis can now be processed with 
the new time-of-flight data analysis program LAMP, using 
IDL macros to manipulate the data. This greatly facilitates 
both the on-line viewing of data and the later, more detailed 
data reduction. We are preparing for the planned changeover 
of the present electronics and in strument control from 
CAMAC and PDP- I I to VME electronics and a DEC-Alpha 
workstation running under UNIX. D7 will be the first 
time-of-flight instrument to run under the new UNIX MAD 
program and a "point-and-click" graphical interface is being 
written specifically for 07. The changeover is scheduled to 
take place between the first two cycles of 1996. 

Albert-Jose Dianoux 
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The Helium-3 neutron polariser 

F. Tasset and H. Hurnblot 

With a large absorption cross- ecti on entire ly due to 
antiparalle l spin capture, polarised helium-3 is presently the 
most promi s in g broad-ba nd po lari se r for the rm a l and 
epithermal neutrons. The high density of well-polarised gas 
which is necessary to achieve a practical device can now be 
obtained with two different techniques: spin exchange at 
high pressure through collision with an optically pumped Rb 
vapor or optical pumping by an LNA laser of metastable 3He 
atom s in a di scharge at low press ure with subsequent 
compression. While the Rb techn ique was initia ll y tested at 
Lo s Alam os2 and ILL3 , the metas table 3He technique 
de ve lopped in a n inten se R&D prog ram at Mainz 
University4 has recently improved very quickly. 

Encouraged by the HCM prog ram of the European 
Community*, a co llaboration between ILL (F. Tasset), HMI 
(F. Mezei , M. Steiner), ENS (M. Leduc), and the Johannes 
Gutenberg Uni versitat i'n Mainz (E. Otten) was established 
for the project "Polari sed 3He targets as neutron spin filters" . 
Dr. Hube rt Humbl o t , fo r two yea rs a n EC-Resea rch 
Associate, is now working in Mainz under a contract with 
ILL. The ac hievements within thi s project have been quite 
remarkable. In the recent Workshop " New Tools for Neutron 
Instrumentation", Werner Hei15 (Mainz) has shown how the 
double-stage Titanium compressor achieves pressures up to 
7 bar at 50% 3He po larisation in a 150 c m3 g lass cell. 
Based on an idea from ENS -Pari s6, the ce ll s were coated 
with Cesium, resulting in relaxation time of more than 100 
hours, and Reinhard Surkau (Mainz) vividly demonstrated 
how such a cell had been detached from the compressor and 
transported to the Mainz Tri ga reactor in order to test its 
ne utro n properti es. Very recentl y 7, furth er suc h direc t 
neut ro n tes ts we re ca rri ed o ut with a close-to-optimum 
configuration fo r I A neutrons. The filter was 10 cm long, 
infl ated at 4 bars. The neutron polari sation was measured to 
be 84%, a confirmati on fo r the 50% polari satio n of 3He 
(total transmission was calculated to be 18% ). 

At the present time, we may say that 50% polarised 3He 
gas is being produced in detachable containers with long 
re laxati on time o n a routine bas is in Mainz and that its 
application to polari sed neutro n beams can start. ILL now 
inte nd s to use thi s techniqu e in Gre no bl e o n s ho rt 
wave length neut ro ns beams. In Mainz, we are therefore 
currentl y building a duplicate system. The LNA laser is 
operational and the firs t stage compressor ha been tested. 
Both the compression ratio and the polari sation transport are 
sati sfactory. The econd stage compressor is manufactured 
and being assembled. In Grenoble, a specia l laboratory is 
being eq uipped in order to host the system by mid- 1996. 
Wo rk has a lso sta rted on in co rpora t ing 3He ce ll s as 
analysers on the short wavelength diffractometer D3 and the 

*EC Grants. Nr. ERBCHRX-CT92-006 and ERBCHRX-CT-93.0122 
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three-ax is spectro meter I 20. As a parti cu lar example, a 
fundamental physics experi ment on "The study of P- and T­
vio lation in the vici nity of ne utron p-wave resonance" is 
be ing di sc ussed whi c h requires po lar isatio n a na lysis 
capability at. 74 e V (.33 A) o n a large 139-La sample. 
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Quasi-Laue detector 

M. Lehmann 

In order to speed up data collection on crystals with large 
unit cells, tests have been done using Laue-methods with a 
limited wavelength band, the quasi -Laue method, which 
gives higher flux on the sample than monochromatic 
techniques. To further increa e the count-rate on the 
detector and to better resolve the individual Bragg-peaks, 
the tests were performed with cold neutrons from the 
end-beam H 142 (collaboration with C. Wilkinson, EMBL 
and P. Oleinek, Mtinchen). 

The most essential part of an improvement of data 
collection capacity relies however on getting larger detector 
urfaces, and over the last two years a very large detector 

based on image plate technology ha been constructed at the 
EMBL (F. Cipriani and J.-C. Castagna). The detector surface 
is a cylinder with a diameter of 31.8 cm and a length of 
40 cm, presently holding 8 million pixels of 0.2 x 0.2 mm2. 

The read out time is 5 min., so the detector is well suited for 
long exposures a is typical for Laue-recording . 

The fir t step wa to carry out complete white-beam 
detection , and for this purpose a 2 mm3 crystal of triclinic 
lysozyme (hen egg-white) was used. The first diagram 
recorded i now on display in the main entrance hall of 
lLL 4. These measurements showed, as expected, that due to 
the overwhelming background it was not poss ible to go 
much beyond Bragg reflections with a 3 A d-spacing, which 
is far from ufficient for structure analy is at atomic 
re solution . These observations were confirmed by 
observations on a crystal of Concanavalin-A (collaboration 
with G. Habash and J. Helliwell , Manchester). 

After an interruption from April to June, while the beam 
H 142 was used by the Nuclear and Fundamental Physics 
Group, a multilayer monochromator produced at the ILL by 
P. H0gh0j (see report under DPT) was installed , and the 
reduced 20% bandwidth of the incident beam around 3.4 A 
now allowed data collection to d-spacings of 2.4 A on a 
crystal of triclinic lysozyme soaked in D20 , and eventually a 
resolution of 2.1 A wa reached when the original Siemens 
image plates (supplied by H. v. Seggern, Siemens) were 
replaced by plates with higher efficiency made by Fuji 
(loan from N. iimura, JAERI, Japan). 

Measurement on tetragonal lysozyme grown from D20 
have also been done (collaboration with N. Niimura et al. , 
Japan ), and gave 55,000 reflection above I cr , leadin g 
to 7,200 symmetry-i ndependent ob erva tions to 2. 1 A. 
The interna l ag reement value (comparing intensi ti es) i 
21 %, but detailed tudies of symmetry re lated reflections 
show many large discrepancies when compared to the 
counting stati ties. At present this is believed to come from 
th e integration proced ure, which wa designed for a 
flat-plate in trument, so work i being done to improve the 
integration model (C. Wilkin on, EMBL). 
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Other tests ha ve also been mad e on much sma ller 
systems s uch as hi gh pressure ices (collaboration with 
W.F. Kuhs, Gottin ge n and H. Ah sbahs, Marburg) and 
vitamin 812 (collaboration with C. Kratky et al., Graz and 
P. Langan, ILL). 

Towards the end of the year test were also made using 
a velocity se lector with a 15% bandwidth (on loan from 
NIST, Washington ), which showed the two types of 
monochromatisation to be quite comparable. In further tests 
the use of multilayers, made at the ILL, will therefore be the 
normal mode of operation. 

Exploitation of data is now under way to get a clearer 
pic ture of the capacity of this method for the study of 
macromolecular problem . As a first tep the water structure 
in triclinic ly sozy me crystals will be analysed u ing a 
combination of the Quasi-Laue data and X-ray data in order 
to estimate how much information the neutron data actually 
bring to the analysi . Further measurements are also planned 
for completely deuterated systems (co llaboration with 
Brookhaven National Laboratory ) as this will much 
alleviate the probl e m of high background cau ed by 
incoherent scattering from hydrogen atoms in the protein, 
a nd thu allow data collection to higher real s pace 
resolution. 

Finally the time has clearly come to do a few , first 
s tudies in collaboration with external biology groups. 
A earch for suitable project is now under way, and persons 
who would be intere ted in making a test mea urement are 
welcome to contact one of the cientists involved 
(M.S . Lehmann, ILL or C. Wilkinson, EMBL). 

"New Tools for Neutron Instrumentation" 

H.G. Buttner 

The workshop "New Tools for Neutron Instrumentation" 
was held in Le Houche 6-9 June 1995, in the conference 
centre of th Ecole de Physique, which is affiliated to the 
University Jo eph Fourier, Grenoble. E I, the European 
Network for Neutron Instrumentation , funded by the 
EC/HCM programme, a network of 6 laboratories within 6 
European countrie initiated thi workshop. Some 60 people 
gave pre entation on the progress in the areas of: 

• data acquisition, vi sualisation, inversion, 

• neutron detection, 

• interferometry, diffraction, UC , 

• polarisation , 

• optics. 

The workshop was organi sed by Franci Tasset and 
Herma Btittner, ILL. The proceeding will be published 
in the Journal of Neutron Re earch. 



PROJECTS 

AND TECHNIQUES DIVISION 

(OPT) 

After the reactor wa ucce full y re tarted at the very 
beginning of the year, the next challenge fac ing ILL was to 
restart the instruments and reestabli h normal running. The 
succes of thi s operation undoubtedly owes much to the skill 
and dedication of the OPT staff, who played a key role and 
have every right to be proud of their achievements. 

1995 brought some minor changes to the organisation of 
the Di v is io n. Al o ngsi de th e In trume nta ti o n and 
Development branche , a new entity, known as the "Project 
O ff ice" , has been se t up to dea l w ith lo ng- te rm 
developments. As soon as it wa created, thi s new entity, 
which i headed by W. Kaiser, immediately took charge of 
producing an accurate eva luation of the group of projects 
proposed fo r the nex t fi ve years. This work has inspired 
confidence in ILL's ability to complete these projects within 
the framework of existing resources. 

Certain changes have also been introduced within the 
branches them e lves with th e aim of impli fy ing the ir 
structure by reducing the number of independent units. The 
departure of six members of taff fro m OPT has a lso 
allowed us to bring some young blood into the Division. 

Se ve ra l unit s have ex pe ri enced heavy workl oads . 
Temporary staff have been brought in to deal with such 
exceptional loads. In the long term, however, such problems 
must be resolved either by ubcontracting work or finding 
permanent support, if pos ible. Otherwi e OPT would have 
to reduce its involvement in supporting the experiments. 

The current in trument projects [ 4 and D20 have made 
steady progre . However, delays of a few months have been 
ex pe ri e nced . Most of th e e de lay we re du e to o ur 
dependence on external indu trial subcontractor . Similarly, 
the new in strument 0 22 fa iled to fu nct ion correctl y as a 
result of a fa ul ty detector delivered by industry . Thanks to 
prompt action on the part of the detector group, aided by B. 
Guerra as project manager, the instrument could be repaired 
while maintain ing the high technical standards needed to 
en ure further re liable operation. However, irrespecti ve of 
the quality of our internal troubleshooter , we must learn 
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from the di fficultie connected with industry's contribution 
to the development of our instrumentation. It would be quite 
wrong to conclude that it would be better to prohibit the u e 
of subco ntrac to r fo r the buildin g of hi ghly se ns iti ve 
devices. There can be no future in doing it alone. The only 
way forward is to improve our procedures for subcontracting 
work. We mu t always remember that, unli ke in the world of 
sport, there is never a winner and a loser, only two winners 
or two lo er . Subcontracting ca ll s fo r care ful preparati on 
and a gradu a l build ing up o f tru st th ro ugh th e prec ise 
definition of needs and requirement . 

To conclude I wi ll bri efly menti on some of the other 
highlights of the year: 

• The implementation of the firs t supermirror guide at ILL. 

• The deli very of a new monochromator made of mosaicised 
germanium for the di ffrac tometer D2B. 

• Operation of an instrument fo r the first time under UNIX 
control. 

• The development of a very compact pa band fi lter with 
multilayer mirror techniques. 

• The Sample Environment laboratory faced successfull y 
an exceptionally hi gh demand for very low temperature 
experiment . 

• The succe s of the Tran uranium experiments. 

• The new ILL precision temperature controller is now ready 
for progre sive installation on instruments. 

Nex t year will see the start of ope rati on o f the new 
ins tru me nt D20 and IN4C . I fir ml y be l ieve th a t , in 
ant ici pation of it futu re successes , ILL will once aga in 
move ahead wi th confi dence and the de te rmin ati on to 
become a leader in the in tru mentation fie ld. 

Philippe Leconte 
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Project Office (PRJJ 
(W. Kai ser) 

With the reorgani sation of the Projects & Techniques 
Di vision in July 1995, the mechanical des ign office and the 
mechanica l ca lculati ons and engineering sc ience offi ce have 
been attac hed to the Proj ec t Office, increasing to a staff 
number of I 0. Two staff members of the de ign office have 
left during the year, one of them will be replaced in 1996. 

In 1995 the investments related to the instrument were 
18.4 MF i.e. 6.1 % of the rev ised budget of 303.1 MF. The 
two R&D projec ts of the Science Di vis ion (3 He Polari zer, 
Laue Detector) are well advanced. Projec t · of the Projects 
& Techniques Di vis ion ( e ut ro n Guides . D20 Detec tor, 
IN4C) will be reported below. 

Detailed project evaluation including ressources has been 
issued fo r the proposed 6 new projects with a budget vo lume 
of 28 MF over 5 yea rs. The res ult was prese nted at the 
Steering Comm itee in ovember. 

Mechanical design office 
(Ph. Malbert) 

The main ac ti vity of the Des ign Office fo r 1995 has been 
the IN4C project. But numerous other studies have been 
carri ed out for different instruments. The acti vities of the 
mechanical design office are: 

New instruments: 

• IN4C: -Layout studi es , des ign and drawings 
of the shieldings. 

-Design, drawings and manufac turing of the econdary 
spectrometer. (two ILL draughtsmen plus subcontractors) 

• GAMSS: assembling and settings fo llow up, 
complementary studies . 

• D20: design and drawings of the mechanics 
of the 4 faces monochromator. Manufacturing 
of the mechanics of the HOPG monochromator. 

• IID : design work has been stopped by end of April 1995, 
by dec ision of the Sci ence Policy Board . 

Improvements of existing instruments: 

• IN 15: des ign work due to the new focusing mirror, 
various improvements (mechanical upport and adjustme nt 
mechanism for Fresne l co ils .. . ), design of a polari ser. 

Prelimina,y design or layout studies: 

• l 8: preliminary des ign of a new monochromator 
hielding drum, and of a new set of 3 horizontall y and 

vertica lly curved monochromators. Preliminary layout of the 
modified instrument. 

• H25: fo llow up of the design and mounting of the neutro ns 
guide the beam shutters fo llow up of the layout of the CRG 
I 22 and 0 23 instruments. 
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Tooling or new equipment: 

• IN20: design, drawings and manu facturing of a support 
fo r Cryopad II. 

• X-rays laboratory: studies fo r the collimation of the 
generator. design of a double lead di aphrag m and of 
adjustment tables for the detector. 

• DI I: design, drawings and manufacturing 
of a sample-changer under vacuum. 

• D22: drawings for support of the detector during repair. 

T e nders a nd foll ow up for th e ma nu fac turin g 
of the mechanical pieces. 

Mechanical calculations 
and engineering science office 
(M. Thomas) 

• PIAFE: Thermal Study of the Source of Exotic Ions 

The processes of diffusion and effu sion of the fi ss ion 
products of uranium (235 U), di stributed throughout a porous 
graphite (Gr) matri x, are at the ir mos t e ffi c ie nt al hi gh 
temperature (2400°C). The heat is produced by fi ssion and 
by nuclear heating due to the proximity of the reactor core. 
Radi ati on is do min a nt in th e rm a l exc ha nges with the 
ex ternal environment (D2O via the beam tube thimble). 

We have studied the range of temperatures at equilibrium 
of the source close to the reactor core (significant nuclear 
heating) on a implified mode l with ax isymmetric geometry. 

Thi s initial s tud y has a ll owed us to hi ghli ght th e 
considerable emissivity of these materi als and, in particular, 
of the rhenium envelope (Grt235U). 

More recent di scussions have prompted the designers to 
move the source away from the reactor core (constant fi sion 
rate = 10 14 fi ssions/s, obtained through a higher degree of 
doping with uranium) and to modify its geometry. The 
nuclear heating diminishes and, from a purely thermal point 
o f view, the two values governing the temperature of the 
source are the heat produced by fi ss ion and the em.i s ivity of 
the rhenium . 

Both these values must be predetermined before new 
calculations can be carried out in 1996. 

• D22: Elastic Behaviour of the prestre ed membrane 
separating the gases 3Hei4He in the multidetector 

The membrane separates 2 volumes of different ga. es 
(3 Hei4He) at the same pressure. Under normal operating 
conditions thi s pressure does not change. When the detector 
is fill ed and/or there is a leak of one of the gases , a low 
differential pressure .1p causes a considerable distortion of 
this extremely thin membrane. 

We inte nd to make thi s me mb ra ne Jes sen. iti ve to 
pressure variations by prestressing it to make it stiffer. 

Thi s is do ne usi ng the the rmo-elas ti c phe no menon 
produced by the weld as it contract . 

• INS : Ela tic behav iour of the chopper di k of INS 
(time-focusing) 
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Each of the 7 di ks ro tate at 20000 rpm and comprises 4 
long lots, which, i f possible. must be completely hollowed 
out in order to prevent neutron absorpti on and scattering. 
This rupture of the otherwise ax isymmetric ri gidity o f a full 
disk produces a significant increase in the stress fi eld around 
the slots. 

It appears that the use of isotropic materi als with a hi gh 
fi gure of dynamic merit (£/ p = Young's modulus/density) 
and high elastic limit (a luminium seri es 7000) is insufficient 
to meet the very demanding case o f completely hollowed­
out slot. . On the other hand, i f a thin residual membrane can 
be tolerated, it is poss ible to optimi se its thickness to satisfy 

the maximum permi ssible stress criteri on. 

We are about to beg in a study of compo ite materi als 

with mu ch hi gher f igure o f merit th an for iso tropi c 
materi al ·. This study will be carri ed out in the contex t of a 

possible implementation. 

Neutron Guides 
Hl-H2 Neutron Guides 

Neutron capture flu x measurements on the refurbi shed 
guides wer~ performed in January and showed norm al 
values. 

Hl7-HJ8 Guides 

The proj ect has been suspended due to mi ssing budget. 

H25 Guide 

The refurbi shed H25 guide is mounted as supermirror 
guide o ver a to tal len gth o f 52. 5 m. N eutro n f lu x 
measurements performed in October show an increase by a 
factor of 2. 5 compared to the ori ginal Nickel guide. 

The extension of the guide over I I m downstream of the 
S 18 CRG - instrument i s deli vered and w ill be mounted 
in 1996. 

HSII Guide 

The mi ss ing 7.5 m FeCo polari zing guide with elements 
coa ted by HMI fo r th e IN 15 N eutron Spin Ec ho 
Spectro meter i s under manu fac ture. It s repl acement is 
fore een in 1996. 

Beam Shutter Replacement 

The project was completed in January with the reception 
procedure for the beam shutt r by checks w ith neutrons. 
T he re ult was sati sfy ing. 

Instrument afety 

T he authorisation for normal operation of the 25 ILL 
instrumenL and the commissionned RG- instruments was 
given after approva l o f the instrument safe ty and f inal 
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checks w ith neut ro ns at 2 % and fu ll reacto r power i n 
February. Add itional checks on the safety interlocks were 
performed in October. 

IN4C Thermal Time-of-Flight Project 
(H. Mutka) 

Collaboration with I tituto di Struttura della 
Materia, CNR, Italy 

A concentrated effort o f the Design Offi ce en ured a 
swift advance in the des ign work on the mechanics o f the 
secondary spec trometer and of the sa mple env i ronment. 
The main co mponents are now completely defined and 
orders placed. M any of the subassemblies, for example the 
sa mple chamber and assoc i ated mechani cs have bee n 
rece i ve d. Th e import ant item co nditi o nin g th e fin al 
installation of the spectrometer i s the vacuum fli ght box 
w ho e fabri ca t io n w ill take about f i ve months and is 
expected to start in the beginning of 1996. 

The components for the primary spectrometer are mostl y 
ready. The Italian partner (coordinator Pro f. F. Sacchetti ) 
delivered the elements of mono hromator goniometer table 
that has been a sembled. The mounting o f the crystals on the 
va ri abl e curva ture monochromator assembly has been 
delayed due to prioriti es on the work of the monochromator 
g roup . Th e graphit e c rys tal s w ill be m o unt ed i n th e 
beg innin g of 1996 and the m o noc hro m ator w il I be 
operati onal w ith the graphite face for the first neutron tests 
of the instrument. 

The definiti ve i nstall ati on of the pri mary hi elding 
elements has been completed. Beam elements such as the 
secondary shutter and the primary diaphragm arc ready for 
mounting but the work has been seri ously delayed due to the 
probl ems w ith th e fac to ry tes ts of th e choppers. Th e 
choppers are mechanica lly assembled and in running order 
and are now going through the required endurance tes ts. 
After deli very to ILL an extensive test programme for the 
as. essment of the phase contro l w ill be carri ed out at the 
ILL. In stall ati on and tes ts of co nt ro l and acqui siti on 
electronics and elaboration of the associated software are in 
progress. 

The ltali an partner is constructing the central forward 
. cattering detector with it el ctroni cs, accord ing to the 
concept prepared and defined at the ILL. The mechanica l 
detai l of the detector tube assembly have now been defined 
and the mounting can tart once the element have been 
fabricated. 

D20 High Flux Multidetector 
on the thermal beam Hll 
(P. Convert) 

Parallel activi ty on severa l items is continuing to make 
the whole D20 instru ment avail ab le for users as . 0011 as 
possible after the end of the detector construction . 
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The 020 monochromatic beam is available, and all the 
major questions related to safety have been solved. A few 
improvements will be done to have better practical operating 
conditions. The old 128-wire Position Sensitive Detector is 
in operation to test the instrument: monochromatic beam, 
instrument control, data acquisition and data treatment. 

The VME data acqui sition system for the 1600 cells 
of the new detector is operational in the reactor hall. 
The 6 movements, 20, w, X, cp, plus 2 tran lations, are also 
controlled by the VME electronics. The Silicon Graphics 
020 computer is installed at 020 and can read data and 
drive the movement . A data treatment system is in 
preparation with the Scientific Computing Group of ILL. 

The new 020 1600-cell Banana ( curved linear Position 
Sensitive Detector) is waiting for the complete delivery of 
the 50 electrode plates (we have now 7 of these plates) from 
the external manufacturer IMT. They are expected for mid­
february 96. Then the plates have to be preci ely cut at ILL, 
cleaned, and carefully mounted. After outgassing at high 
temperature, the detector will be filled with gas. The control 
of operation of the 1600 cells and adjustment of the 
1600 amplifiers will be made first in the laboratory, and 
completed at the 020 position, after remounting of the 
protection. 

After completion of the instrument, many tests have to 
be performed before the instrument become ready for 
external users during summer 96. 

Jean Pannetier has left ILL and 020. A young German 
scientist, Thomas Hansen, arrived on December I st to 
complete the 020 team with Jacques Torregrossa and 
Pierre Convert. 

Instrumentation Branch (BI} 
(A. Heidemann) 

Introduction 

Two events marked the life of the In strumentation 
Branch: 

• Several people left the institute: 

- R. Klesse, the head of the Electronics Service. The loss 
of his technical know-how was compensated by the arrival 
of a young electronic engineer, Ph . Descamps. The 
departure of R. Klesse enabled us to join the Electronics 
Service and the Instrument and Networks Computing 
Service together into a new Service, called the Instrument 
Control Service (SCI). 

- J.J . Tschofen, re ponsible for the instrument computer 
maintenance. His position will be used to hire a programmer 
for instrument control software. 

- H. Fertey, technician mainly working in the central 
workshop. He will be replaced in 1996 by an all-round 
technician. 
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• A new Service called ' Service Mecanique des Aires 

Experimentales' (SMAE) was created under the command 

of R. Mathieu . This Service regroups the assembly hall, the 

central and the free acces workshop, the vacuum laboratory, 

the crane operators and the neutron di tribution group. 

Mechanical Service of the Experimental Halls 
(R. Mathieu) 

The new Service i responsible for neutron distribution, 
neutron guide installation and alignment, instrument 
construction and maintenance, transurania experiment , 
safety interlocks, the experimental zones, the vacuum group 
and the general organisation in the experimental halls . In 
1995 the main activities were as follows: 

• Testing the new beam shutters and control systems 
which have been fitted on each experiment. 

• Te ting all the safety interlock systems on the 
experiments and the introduction of quality assurance 
management procedure for these systems. The afety 
interlock systems of machines using mobi le protection 
blocks are being improved. 

Three successfu l transurania experiments were carried 
out (a total of 27 days measuring time) with the introduction 
of quality assurance management procedures for these 
experiments. 

Participation in the co-ordination of the construction of 
the new instruments on the H25 beamline and of IN4C, PFI , 
ADAM, EVA, GAMS5 and LADI. The assembly hall has 
installed and aligned the new H25 guide and has assembled 
the first elements of the new instrument IN4C in the reactor 
hall. The progress of the construction and testing of 
IN4C' choppers is followed up. 02B and DI I have also 
been considerably improved. The fir t new electrodes for 
D20's multi-detector have been cut. 

The a sembly hall maintains and ervices 6 velocity 
electors and I O choppers. 

Co-ordination of general work carried out in the 
experime nta l ha lls: instal lation of equipment in the 
experimental zones, building and dismantling of biological 
protection , fluids, electricity etc. , delivery of liquid helium 
/nitrogen by the "chefs de halls". 

This included the co-ordination of the replacement of 
the roof of ILL 7 which required the protection of the 
instruments, planning the u e of the cranes etc. 

The vacuum group has a park of 635 pumps and 11 leak 
detectors to service and maintain. This results in over 
1800 oil changes each year, plus the routine replacement 
of bearings on the rotary and turbo pumps. 

To reduce the noise level in the experimental halls 1/3 
of the pumping groups have now been sound proofed. 
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Ass is ta nce i a lso g ive n to use rs co nce rnin g the 
installation of pumping sy te rns, leak detecti on problems 
etc. A le ndin g se rvice fo r vac uum equ ipme nt is a lso 
available on a short tern1 basi . 

Instrument Control Service 
(A. Barthelemy) 

The Electronics Service and The lnstrument Computing 
a nd Ne two rk s Infras tru c ture Se r vice me rged on th e 

t December 1995. 

During 1995 they had three prim ary obj ec tives for 
the ILL instrument : 

• te rmin a te the rein s ta ll a ti o n of th e in s trument s 
following the reactor refurbishment, 

• improve the software and the e lec tronics on 
the instruments, 

• moderni sation. 

After the first reactor cycle, reserved for tests, all the 
scheduled instruments were ready for the offici al sc ientific 
schedule with external visitors. 

Several instruments were significantly modified during 
the shutdown: 

Three 3-Axi s Spectrometers (IN I , IN 8 and IN20) now 
operate with new VME control and acquisition electronics 
coupled to new DEC Alpha 3000 workstations running 
under Open VMS . The instruments lN 14 and D4 also have 
ne w DEC Alph a wo rk s tati o n , co nn ec ted to HYTEC 
Ethernet CAMAC controllers. 

The standardisation of scheduled instruments to VME 
electronics and to the instrument control program MAD is 
aimed at optimising the technica l support and facilitating 
software developments. The VME electronics on INS, IN6 
and D 11 have a ll given sati sfactory pe rformance. D 17 
migrated from CAMAC to VME, and is now simi lar to its 
"sister" instruments DI I and D22. 

In October, the fir st s te p of the UNIX Plan for the 
instruments was reali sed: the diffractometer DI O is now 
controlled from a Silicon Graphics work tation. The first 
ve r io n o f MAD with a ne w gra phi ca l use r inte rface 
ba ed o n OSF/M otif is runnin g (Fi g . I , page 162). 
Thi s changeover is the beginning of a complete migration 
o f a ll sc hedul ed in strume nts to UNIX , whi c h should 
be completed by the end of 1997. 

Complimentary to the VME electronics, it was dec ided 
to introduce fo r the ILL test in truments a new standard , 
based on " industri al" elec tronic hard ware and PCs with 
Visual Ba ic. Thi tandard i already used on in truments in 
the Nuclear and Fundamental Physics Group. 

Seve ra l projec ts we re initi a li sed du r in g 1995 fo r 
completion during 1996: 
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Conversion to UNIX: 

• with VM E a nd D EC Alph a wo rk sta ti o ns o n the 
instruments D7, DB2 1, Dl 6. 

• with VME and Silicon Graphics workstations on the 
instruments DI A, D2B, D3. 

• with HYTEC CAMAC and a Sili c on Graphic s 
workstation on the Cryopad. 

• with a DEC Alpha workstation on IN 16. 

Addition ally , VME developme nt fac ilities are be ing 
co mpl ete ly rev iewed a nd an impro ved tes t in s tall ati on 
for VME and CAMAC hardware is under construction . 

In the local area network domain, many modification 
were made during 1995. These were aimed at improving the 
securit y, the re liab ility and the bandwidth of the ILL 
network. 

In ord e r to improv e th e securit y of the int e rn a l 
install ations against attack from the exte1ior, a ' firewall ' was 
installed. In thi s project , common fo r the three institutes 
ESRF, EMBL and ILL, the confi gura tion of the external 
connec ti o n (ARAMIS , RENATER a nd Inte rnet ) wa 
modified. Al so, a new link through a new Cisco router was 
insta ll ed to connec t with the " Po lygo ne Sc ientifique", 
C RS, IBS, ISN, CE G and ENSERG (Fig. 2, page 162). 

With the increasing number of connections of acquisition 
and control electronics to the network, it was necessary to 
modify the topology of the Ethernet egments to maximise 
the reliability of the re lated traffic . Three new segme nts 
were insta lled to separate the "measurement" traffi c from the 
"data trea tment" traffi c. All the centra l servers are now 
connected to a ''Gigaswitch" running at I 00 Mbits/s giving 
access to th e FDDI rin g. A fe w im age treatm e nt 
workstati on have been connected to "Ethernet Commuted 
Switches" from Siemens UB, giving a dedicated bandwidth 
of I O Mbits/s. 

A complete recabling of the network of the ILL main 
buildin g is pl a nn ed for 1996 in ord e r to g ive more 
bandwidth to the users and to prepare for future network 
needs. 

In conclusion 1995 was an important year where a lot of 
g round -work was don e for th e fu t ure with the initi a l 
implementation of the new standards: MAD UNIX with 
OSF/Motif, PC with industri al cards and the generali ation 
of VME on all scheduled in truments. The importance of 
loca l area network wa co nfirm ed in the co ntinuin g 
decentrali sation of the computing environment and with the 
increasing access of new services on the Internet. 

Computing: Systems and Communications 
Service 
(M. Le Sourne) 

The acti vities in 1995 have been domi nated by the restart 
of the scienti fic experiments and have concerned mai nl y 
experimental data co llection and archi ving, implementation 
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of new hardware and software facilities fo r data treatment. 
and improve ment of the communi cations in a world wide 
contex t. An important part of the work has been devoted in 
he lping ILL sc ie nti sts and vis ito rs to opera te in the new 
computing environment (Fig. 3, page I 62). 

• UNIX Sy te rns 

The 1995 budget has a llowed new investments on users 
equipment and general purpose servers: 

- 2 HP work tati ons fo r Theory and NFP groups 

- 7 SGI workstations for Diffraction, TOF/HR 
and LSS groups 

- 17 X terminals 

- new li ce nces fo r E RI (c rys ta l mode llin g) 
and IDL (data ma nipulation and di splay) 

- di sk capacity ex ten. ion to 60 Gbyte on the fil e server 

- new ma. s storage equipment on the backup server 

- new mail server 

The Se rv ice g ives he lp lo use rs Lo ins ta ll software, 
Lo provide access Lo heterogeneous output dev ice and Lo 
sta nd a rdi se both opera ting sys tems a nd fil e sys te ms o n 
the workstati o ns . The Service ha, al so the responsibility 
of management of the general purpo e ervers. The UNIX 
fil e erver ' ID FIX' has an important role as it is used for 
access ing experimental data and also for providing personal 
di sk s pace. Many publi c domain programs are availabl e 
throug h thi s server. 

This system needs a dai ly attention and has necess itated 
a parti cul ar tec hnical e ffort to improve the perfo rmance 
o f its ope rating system and network communications and 
to set up a beller organi sation of the file systems. 

With the bac kup server the 50 use r workstations and 
variou server are dail y saved over the network. The new 
Exabyte juke box all ow o n- lin e bac kups to be kept fo r 
6 weeks. This system ha shown hi s effi c iency as it has been 
possib le many times to restore user di sk fil es or Lo restart 
users workstations after di sk breakdowns. 

• VMS Systems 

We still offered a VMS service with two DEC ALPHA 
co mpute rs a nd the o ld VAX machine . The la tte r run 
without an external maintenance ervice and are planned Lo 
be Lopp ed ea rl y in 1996. T o pre p a re thi s s te p two 
independent cl u te r have been created already. 

Some application running on VAX machines have not 
yet been migrated to the DEC ALPHA machines due to lack 
of particular graphical libra1ies nor to UNIX due to lack of 
manpower. So a VAX station is being configured to run thi s 
category o f progra ms for some more time. 

With the reactor re tart the ALPHA syste m ha been 
heav il y used. 

• Microcomputers 

152 

The acti vity on thi s area consisted of: 

- a be tte r integration o f MACs and PCs in the UNIX 
environment by introducing standardi sed communication 
fac ili t ies, w ith p rodu c t like Exodu s fo r X te rmin a l 
emulation, Eudora for mailing. 

- the in Lallation of a phone ca ll back system based on 
the PPP protocol lo allow users to access the ILL network 
and to get all the UNIX facilities. 

• Data Base 

Most of the experimental data ba e has been transferred 
to the central VMS ystem and immediately stored in A cii 
mode on the UNIX fil e server. After one year of operation 
we note that the UNIX data ba e contain per reactor cycle 
approximately 100000 fil es and a total of 6 Gbytes of disk 
space. A catalogue is permanently updated fo r acce sing the 
old data. 

A part of data treatment is still executed on VMS using 
the binary data base; thi s ac tivity is dec reas ing with the 
migration of these applicati ons to UNIX . 

The data have been archi ved on optica l di sks u ing the 
compressed mode. Concerning the general archi ve fac ility a 
preliminary study has been done in 1995. 

• Communications 

A new ma il se rve r has bee n in s ta ll ed o n a HP 
workstation. Progress ive ly u ers are tran ferred to this new 
machine. Most of the ILL people have been registered under 
the mailing sys tem on UNIX , VMS or EUDORA . A li st 
server has also been implemented. 

A dedjcated fil e server on the Internet side of the firewall 
has been install ed to act as an anonymous ftp server for the 
outside, and lo serve as an intermediate taging point for 
depositing data fro m ILL for export, or for recovery of data 
from o ut s id e s ites. A WEB se rvi ce has a lso bee n 
implemented on thi s ex ternal server and is accessible from 
outside without going through the firewall . 

• Mathematical libraries and Fortran90 

New versions of IMSL library have been installed on the 
UNIX fil e server for HP and SGI systems and on the Open 
VMS Alpha server. 

New help facilities are available for the NAG library on 
UNIX and VMS servers. 

The first nati ve Forlran90 compiler has been introduced 
by DEC. It is ava il able o n our VMS Alpha se rve r. We 
parti c ipated in the Beta tes t operatio n fo r the Fortran90 

umerical Recipes library. The Fore y oftware (Fortran 
engineering system) which allows translation of Fortran77 to 
Fortran90 programs is ava ilable on the UNlX fil e server. 

Support for the NFP Group 
(Ph . Ledebt) 

1995 was the second and last year of ''UNIX-PLAN" 

application fo r the Nuclear and Fundamental Phy ic Group 
of the Sc ie nce Div is io n. We co uld how that pe r onal 
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computers are a powerful means of contro lling complex , 

heterogeneous sc ienti fic instruments and handling data from 

the acqui sition sys tem. T hey are equall y well adapted of 

being the direc t inter fa ce w ith th e elec t ro ni cs of the 

instruments as well as being a part of a modem. hierarchical 

network based data handling and evaluation system. 

W e have implemented a speci al softw are PC-DUO, 

whi ch has the capabi l ity, through the network . o f taking 

complete control of the experiment di splay, keyboard and 

mou se. In thi s manner th e use r ca n interact with th e 

experiment from anywhere on the network , security being 

done by means of a password and access lists. 

The use of Window for Workgroup and Visual Bas ic is 

very powerful mean to quickly write basic acqui ition and 

contro l pro gram s. Th e o nl y diffi culty wa s to rea ll y 

understand and test the electronic itse l f and for that reason 

we have developed many tool s as well as some special 

routines in C language or others. 

OPT/Development Branch (8D} 
(C. Zeyen) 

Thi s year the BO had to resume experimental acti vity 

with a parti cul arl y heavy work l oad on th e Sampl e 

Env i ro nment L abora tory. M . Frederi c Thomas . a young 

physicist and cryogenics spec iali st. j oined the Laboratory on 

December I st fo r one year Lo help w ith automati sing a 

max imum number of complex tasks connected with dilution 

cryostats and cryomagnets. 

Problems with multideteclors led to a heavy load on Lhe 

Detector L aboratory Loo. New glass substrates for the D20 

microstrip detec tor had to be prepared and the large D22 

detector repaired. It was operating perfect ly on a test bench 

at the time of writing. A small high-reso lution (- I mm) 

two -dim ensional mi c ros tri p detec to r proto ty pe wa s 

completed and already tested for a vari ety of applications. 

Mr. Jochen Uckelmann a young german engineer will j oin 

the Detector Laboratory in February 1996. 

The Neutron Optics L aboratory (LON) completed and 

del i vered a number of co mpos i te crys tal and multil aye r 

systems, the development of which had begun during the 

reactor shutdown. M r. ief left the Optics Laboratory and 

will be replaced in February 1996 by M r. T homas Foltyn. 

Mr. B. Guerra, a high temperature expert wi th industri al 

experience helped us in a variety of tasks (see Furnaces 

section in Sample Envi ronment). 
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Sample Environment Laboratory 
(S. Pujol) 

P. Dagleish. 
P. A ndanl , M . Branca leone. A. Bresson. R. Chung, 

M . de Palma, J.P. Gonzales, P. K eay. P. M artin, L. M eles i, 
J.L. Ragazzoni , F. Thomas (for I year), G . Sirbi (until 

Dec. 1995). 

Cryogenics 

About 200 experiments with cryostats or cryo furnaces 
have been performed since the restart of the reactor. 24 very 
low temperature (dilution) experiments and 24 experiments 
with magneti c fie lds were ca rri ed out. Con ce rnin g th e 
equipment itself, all cryostats have now been equipped with 
an automatic cold valve. A new 5 mK refri gerator has been 
put into operation , as well as an Edwards cl osed-c ircuit 

cool ing unit. 

Circuits 

A second 110 m3/h Luchard compressor for helium 
recovery has bee n put into operati on. The ESRF helium 
recovery system has been connected up to our own . 

Furnaces 

Ab out 100 hi g h temper ature ex perim ent s w ere 
performed. The 7 pool furnaces and their control consoles 
have been standardi sed, and the construction of a new mirror 
furnace is in the final stages of completion. 

New proj ects in collaboration w ith B. GueJTa: 

- Constructi on and install ati on o f a press- furn ace for 
pl ast ic deform ati on of monochro mator crys tals. cf. ILL 
Technical Report 95GU09T. 

- Mirror furnace (for normal and four circ le operation). 
Study and development of a dev ice for the measurement of 
the sample temperature, cf. ILL Technical Report 95GU08T. 
Bringing up to European sa fety standards of elec tr ica l 
equipment. especiall y those using thyri stor control. 

- A new SA S (Sm all A ng le eut ro n Sca tteri ng) 
furnace w hi ch w ill permit both small and large ang le 

scattering experiments. 

- A new 3000 K furnace with the following contractual 
speci fications: continuous operation at max imum operati ng 
tempera tu re of 3000 K fo r a peri od of up to 30 days: 
operation at all temperatures up to 3000 K with argon at 
pressure slightl y below atmospheric, max imum of 1700 K if 
operated under vacuum; useful volume: vert ical cy linder of 
di ame ter 50 mm and height approximate l y 100 mm. 
Availabili ty: 1st hal f of 1996. 

High Pressures 

A 5 kbar niobium pressure cell uitable for inelast ic TOF 
exper iments has been deve loped in co ll abora t ion wi th 
Chri sti ane A lba-Simionesco of the Laboratoire de Ch imie-
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Physique des Materiaux Amorphes, Orsay. 25 high-pressure 
experi men ts were performed, 15 of which also req ui red the 
use of a cryostat. 

Thermometry and sample environment electronics group 

The new ILL Sample Environment Cont roller (I LLS EC) 
is now working and has been tested in most of its operating 
modes. Four pre-production units were purchased earlier in 
the yea r by the CENG a nd a furthe r I O by the fLL fo r 
delivery before the end of the year. 

The ex isting liquid helium level monitors fo r cryostats 
have been modifi ed to allow them to be used wi th a new 
liquid nitrogen gauge developed by the group. Thi s allows 
them to di splay eithe r helium or nit rogen level at the nick of 
a switch. 

A new control unit fo r "T .A.S .S.E." magnets has been 
developed . T hi s a ll ows the s imultaneous mo nito rin g o f 
he lium level, 2 current shunts and 4 temperatures. 

Detector Laboratory 
(A. Oed) 

0 . Feltin . B. Guerard (s ince Sept. 1995), 
M . Gamon, A. Rambaud , 
G. Cicognani (PhD student), N. Yellettaz (PhD student) 

After the long reactor shutdow n the group had to repair 
or replace many of the elec tronics on the vari ous counters 
and pos ition sensiti ve detectors o f the Institute. 

Two important operations shall be mentioned: 

In October the ga of the banana shaped detector of the 
instrument D 19 had lo be replaced. From 1983 to 1995 the 
ga pressure was reduced fro m 6,9 bar to 2.7 bar caused by a 
leak in the detector housing. With the help of the new gas 
recovery system of the detector laboratory it was possible 
to empty and to refil l the detector to its nominal pressure 
in site and without removi ng the banana o ut of it protection. 
The detec tor has aga in been in operati o n s in ce the end 
of October 1995. 

The new detector of the instrument D22 presented such 
serious defect that it had to be switched off. Before the end 
of the year it was succe sfully repaired by the de tector 
group. To do so, it was necessary to design and construct 
working too ls and supports as well as to install a clean room 
equipped with a filte red laminar air flow sys te m. All the 
130 anode-wires have been replaced by thinner ones in order 
to improve the gain and the stability of the detector. Besides, 
other minor but essenti al modifi cations have been reali sed. 
Pre liminary measure ments with X-rays before and after 
these modifi ca ti o ns us in g a te mporary Pl ex ig las cover 
confirmed the improvemen t. Once the detector was closed it 
was thoroughl y outgased and refi ll ed with a mi xtu re of 3He 
and cF4 at 2 .2 bar. 
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An e ne rgy reso lut io n of 15 % fo r ne ut ro ns fro m a 
laboratory source was measured for signa ls of the complete 
anode wire frame. see Fig. 4 page I 62 . The repaired detector 
wi ll be installed at the beginning of 1996 on the instru ment 
which will therefore be avai lable for the firs t reactor cycle. 

Bes ides these repair acti vities , three instruments have 
been equipped with the newly developed ampli fier , namely 
IN I I , IN 16 and DI A with 40 , 20 and 25 coun ter tubes, 
respecti vely. The amplifiers are installed on a mother board , 
deve lo ped for th e 020 in strum e nt. As ex pec ted from 
previous ri gorous tests, these amplifiers are unsensiti ve to 
pe rt urbati o ns gene rated by appara tu s such as th yri stor 
regul a to rs for choppers o r re lays that run even c lose to 
detector e lectronics. Problems with so-called earth or ground 
loops do not ex ist any more . In the future it is pl anned to 
repl ace a ll a mplifi e rs a nd mo th er boa rd s of a ll ILL 
instruments by the new one. 

An old multi -wire proportional counter wi th 64 x 64 cell s 
is presentl y modi f ied in order to ac t as a re place ment 
detector for the instrument OB2 I which is at the moment 
equi pped wi th an ANGER- camera. 

For the large banana-type detector of the instrument 0 20, 
even micro-strip pl ates on the new electronic conducting 

glass substrate (S8900 type SCHOTT, USA) of the 50 plates 
whi ch have been ordered, have been deli ve red. Three of 
these pl a tes will be ins tall ed in the ex ist ing prototype 
in order to tes t their behav iour under operating conditions. 
The complete de li very is expected fo r mid-February . 

Monochromator Laboratory (up to July) 
(A. Mager! ) 

A. Escoffier, R. Hehn, B. Nief 

In the first ha lf of 1995 , the group' s reso urces we re 
co ncent ra ted o n the co m p le t io n of th e D2 B Ge 
monochro mator. A new hot press has become ava il ab le 
a llow ing the speedy produ cti o n of pl ast ica ll y defo rmed 
wafers. We opted to build the monochromator from wafers 
with a thickne. s of I mm and to use Al foil s as a bond ing 
agent to build up blocks of suffic ient thickness . The essenti al 
process parameters fo r the plastic deformation were finali sed 
by the end of last year, while the procedure fo r the bonding 
was retained definitely at the beginning of thi s year. Fig. 5 
shows micrographs at different magnifications of a test stack 
made from six Ge wafers bonded by an Al foil. The images 
show the pattern of a secondary precipitati on which can be 
full y understood, including the elemental compositions of all 
components from the Al-Ge phase di agram near the eutect ic 
poi nt. This bonding can be tuned lo provide a strong bind ing 
wi thout deteriorating signi fica ntly the quality of the crystals 
at the interfaces . 

Toge th er w ith J. Schefer from PSI , a wo rk shop 
was o rgan ised in Ju ne o n co mpos ite Ge rm a niu m 
mo noc hro malo rs to ini t ia te a n exc ha nge of expertise. 
Scientists fro m seven laboratories and representatives fro m 
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Fig. 5: Micrographs of a test stack of six I mm thick Ge blades 
bonded by an A/foil. The rectangles in figs a) and b) indicate 
the locations of the images in b) and c), respectively. 
This investigation was pe,formed in collaboration. with 
Dr. Bach from the University of Boch urn, Germany. 

two industrial companies with hands-on experience of Ge as 
a neutron monochromator participated in very lively 
discussions on this subject for two days. 

The monochromator for IN4C is a second large-scale 
project. The production of Cu ingots and crystal 
conditioning is well under way for the first two faces of the 
monochrom ator. This work made progress despite two 
complete rebui lds of the 81idgman furnace after failures of 
the stainless steel crucibles due to faulty welds. 

In the course of the restart of the reactor, 
the monochromator laboratory became involved in 
the improvement and the repair of several monochromators 
on instruments in use . E.g. the monocbromator of DI B was 
first aligned with new mechanics at LLB. However it needed 
more attention later in the year due to an incident during the 
first mounting of the monochromator on site. A new Si 311 
made from two pieces of thermally treated Czochralski 
material on IN lO showed a double peak structure , which 
could be corrected during an overhaul. Further alignments 
were done on the graphite analyzers of IN 12 and INS, and 
assistance was given to 0821 for a new monocbromator 
made from intercalated graphite. In addition, the verticall y 
bent graphite deflector of IN 13 , damaged during the shut 
down period , was repaired. Additional work on 
monocbromators was carried out during the reactor 
sbutdown period on the y-ray diffractometers , such as a 
re-adjustment of the vertical curvature of the Cu 
monocbromator of IN3 . 

During the last few years several concepts have been 
followed which aim in a coherent way to exploit new ways 
of making higher quality monocbromators. The two key 
issues are, firstly, an und erstandin g of the rea l defect 
structures in the crystals and their relation with diffraction 
properties and, second ly , an engineering of c rysta ls with 
optimized microstructures. Embedded in this context was a 
project to make grad ient crystal s as novel optical e lements in 
neutron diffraction with particular promise for very hi gh 
quality e lements. This idea was fo llowed along various lines 
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of development. However, the project has been significantly 
reduced because of a lack of resources and a redefinition of 
priorities and responsibilities. At present it is planned to 
begin a thesis work on ultrasound excited perfect crystals as 
the only active part of this program. 

Neutron Optics Laboratory 
(I. Anderson) 

B. Hamelin, P. H!ilgh!ilj , 
M. Berneron, A. Escoffier, W. Graf, R. Hehn, E. Hetzler. 

The neutron optics laboratory was formed in July of this 
year and regroups the activities in monocbromators, 
multilayers and instrumental techniques with the purpose 
of ensuring a more efficient use of personnel and equipment. 

Monochromators 

The li st of instruments (028, IN4C, 020, INS, DI 6) for 
which new monochromators are being constructed or studied 
demonstrates the continued high demand at ILL. 

The D28 Germanium monochromator which was started 
in 1994 was completed in December 1995 and tested on the 
instrument during th e last week of the cyc le. The new 
monocbromator is based on the wafer construction first 
proposed by Maier-Leibnitz in 1967 [I] and more recently 
dev e loped at Brookbaven National Laboratory [2]. 
The method involves the successive bending and flattening 
of thin single crystal wafers of germanium where the number 
of cycles is used to determine the final crystal mosaic . It was 
carried out at high temperature (820 °C) in a new, fully 
automated, bot press , Fig. 6 page 163, developped by 
B. Guerra based on specifications from the Monochromator 
Group [3j , and designed to maintain a uniform temperature 
(± l 0 C) within a large zone. 

Selected wafers were then welded together using 
aluminium foil (Ge/Al eutectic a t 520 °C) to produce 
15 composite blocks each comprising I 0 wafers. As shown 
in Fig. 7 page 163 the blocks have been glued to a support 
with a fixed vertical radius of curvature. Preliminary tests 
carried out at the end of the last cycle in 1995 showed that 
the new monochromator performs well producing the all 
important symmetric line shape demonstrated in Fig. 8. 

The excellent re s ult s obtained from O2B have 
encouraged us to study and develop other monochromators 
using the wafer technique in the coming year. 

The JN4C monochromator is also in production. 
The basis of the monochromator is a four face support built 
by the ltalien partner. Each face comprises 55 crystals which 
can be vertically and hori zontally focussed automatically. 
Presently 3 faces have been defined: PG002, Cu220 and 
Cu 111. The PG pieces have been tested by the Italien 
partner and delivered to ILL ready for mounting at the 
beginning of 1996. 
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Fig. 8: A comparison of the li11eshapes obtained at 28 = 90° 
using the the old and the new Ge monochromators 011 D28. 
The peaks have been fitted with a pseudo-voigt profile. 
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For the Cu220 face 50 out of the 55 crystal have been 
produced and are in the proce s of being tested. A further 
25 pieces will be produced to en ure a choice for the final 
mounting. 

The ingots required for the remaining monochromators 

from the same power upply. At the same time the group 
designed a new magnetron cathode which is better adapted 
to the new DC power uppl y than the ex isting cathodes. 
The prototype ca thod e was constru cted in th e ILL 
workshop and after installation in September it proved to be 
a huge succes allowing depo ition of magnetic materials 
at low argon pressures. 

The sputtering facility has been mainly used during 1995 
for the developm ent of multilayer monochromators 
reflecting a l arge band width in wavelength. The 
requirement for such monochromators is best illustrated by 
th e exa mpl e of th e LAue Diffrac tom eter for protein 
crys tallography LAD! f4] . Fir t experiment with thi 
instrument u ing the full spec trum of the H 142 neutron 
guide showed that the long wavelength neutron did not 
contribute to the intere ting diffraction pots but cau ed a 
ignificant incoherent background which ultimately limited 

the resolution of the in trument. The results showed that a 
Qu as i-Laue instrument operating at approximately 3.6 
with a bandwidth t:.)J).,_ of 20 % wou ld be a significant 
improvement. A selector device using Ni/fi multilayers has 
been developed to produce a neutron beam with the above 
characteristic . The basic unit of the device is a 748 layer 
graded d-spacing monochromator with periods ranging from 
74 to 90 A depo ited onto a 0.5 mm thick ilicon wafer. 
In total 40 such mirrors arc stacked together to cover a beam 
width of 20 mm and the length of the device is only 25 mm 
(Fig. 9 page 163). The indi vidual monochromators have a 
reflectivity of 80 % over a band width of 20% !J.11/'A., however 
absorption in the si licon reduce the overall reflecti vity of 
the device to about 75 % as can be seen from Fig. I 0 

The dev ice has been used on the instrument for 
a complete reactor cyc le and performs well. It is certainly 
a much cheaper device than the alternative velocity se lector 
which has al o been te ted on LAD!. 

(lN4C: Cu 111 , 020: Cu200, IN8: Cu I 11 and Cu220) have .;;-
been grown thou gh some supplementary ingots will be 
produced in 1996. A great deal of work remains to be ca1Tied 
out in the deformation, cutting and final mounting of these 
monochromators. 

Multilayers 

The Electrotech evaporator was shut down at the end of 
1994 to replace the control system with a PC. The project 
wa success fully completed in February of 1995 and ince 
then both evaporators have been dedicated to the fabrication 
of the INI IC anal yser which requires 500 polarizing 
mirrors. At the end of 1995 approximately 300 of these 
mirrors have been produced and mounted on the instrument. 

The EVRY puttering facility has also been modifi ed 
during 1995. The RF generators were replaced with a 5kW 
DC supply and switching unit allowing us to run 3 cathodes 

156 

0 
0 
M 

' Q) 
C 
C 
0 

...c 
u 

' .!!! C 
=> 
0 
~ 

~ 
·;;; 
C 
2 
C 2 3 4 6 7 8 9 
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(rhin line) and the beam reflected by the large bandwidth 
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Further deve lopments along these lines are continuing 
and mononochromators with 30 % !))J'A. have been produced 

for other applications. 

Instrumental Techniques 

The main focus of the acti vities of thi s group has been 
directed toward the install ati on of the hard X-ray laboratory 
which will supercede the present gamma-ray fac ilities in 
s umm e r 1996. Th e la borato ry is based o n a 420 k V 

generator which will serve severa l di ffractometers. During 
1995 the study of a suitable two-dimensional detector was 
completed and a system using an X-ray intensifier associated 
with a cooled CCD camera was procured. In addition the 
pl ans of the beam collj mators were finali sed and put into 
fabrication. 

Furth e r ac ti v iti es ca rri ed o ut in 199 5 in c lud e the 
co nstruc ti o n of a mini a ture go ni o mete r for use in s id e 
cryosta ts and the stud y o f ne w mechani ca l sys tems fo r 
foc ussing monochromators. 

A g rea t dea l o f effo rt was a lso direc te d to w a rd s 
supporting the work in the development of monochromators. 

References 

[I] H. Maier-Leibnitz, Ann. Acad. Scien. Fenn . 

A 267 ( 1967). 

[2] J.D. Axe, Cheung, S. Cox, L. Passell and T. Vogt, 
J. Neut. Res. 2,3 ( 1994) 85. 

[3] B. Guerra, ILL report 95GU09T. 

[4] F. C ipri ani , F. Dauvergne, A. Gabriel, 

C. Wilki nson and M.S . Lehmann, Biophysical 
Chemistry 53, 5 ( 1994). 

157 



RESULTS INSTRUMENTS 

-20 -10 0 10 20 

x-direction 

~ 
?:­
'V} 

15 · · · · · · · ...... · · · · · ... . .. . . .. . . . ... .. .... · . . · .. ....... · .. . ..... .. .. . 

c: I O • • • • •• • •• • • •• • • • • •• • • • • • • • • • •• ••• ••• •• •• ••• ••• • •• • •• • •• • •• ••• ••• • • 
~ 
C: 

-0 
'1) 5 ••··••·•••••·• ·· •••• · ·••· ..... .•....•.. . ············ ············ · 

~ 
'1) 

.5 
-20 -10 u 10 20 

x-direction 

Coll. 5 - Fig. 4: Bragg diffraction of cold neutrons by a holographic 
grating in D-PMMA. 
See report p. 53. 
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Coll. 5 - Fig. 7: The structure of .rnperconducting 

Ca2Sr2Cu3Ga09 obtained on D28 from a very small 
sample prepared at high pressure. 

See report p. 55. 

'-: '" 

•• • 

"Ii 

Coll. 5 blue box - Fig. 5: Allorypes of the perovskite structure in the Ao_7A '0_3M1103 system. 
The three space group symmetries can be described as arising from 

tilt distortions of the ideal cubic perovskite. 
See report p. 64. 
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Coll. 8 - Fig. 5: The first Laue diagram recorded from tricli11 ic 
Lysoz.yme usi11g the full beam at the end of cold 11e111ro11 guide H 142. 

The cylinder image plates have now been upgraded. 
See report p. 95. 

Coll. 8 - Fig. 3: The distribwion of detergent aro1111d a trimer 
of the OmpF porinfrom E. co/i . View parallel to the trimer 
threefold symmetry axis from crysta ls contai11 i11 i11g: 
a) JJ-octyl glucoside 
b) dew ercued N, N ' methyl decyl amine oxide. 
See report p. 92. 

b) 

DS - Scientific Computing - Fig. I: An example application of 
Tliffcl to create an easy to 11se GUI for plotting rem• SANS data. 
ee report p. I 15. 
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DS - Scientific Computing - Fig. 2: 
A LAMP interface showing the TOUCH­

BASE data-base browser at the bo110111 . 
See report p. I I 5. 

DS - DI F - Fig. I: New 25-collimator detector covering 
1so0 011 DIA. 
See report p. I 20. 

DS - DIF - Fig. 6: A 11e111ro11 's view of 
the very low temperature four-circle 

dilution cryostat of D JO. 
See report p. I 24. 
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TECHNIQUES 

DS - DIF - Fig. 2: X-Y-Z translation table f or stress 
measureme111s 011 DIA. 

See report p. 120. 



R ESULTS I NSTRUMENTS 

DS - DIF - Fig. 5: 
The new D28 
monochromator. with 
the large graphite fi lter 
for work at 2.4 A. 
See report p. I 21. 

DS - TAS - Fig. 2: 
The IN /4 
horizontally focusing 
Heusler analyser 
(reflecting area 
75 X 751111111; 

thickness 3 111111 ; 

saturation field 
/ .3 kOefrom 
Nd28Fe 14 permanent 
magnets). 
See report p. 131. 

DS - TAS - Fig. 4: 
View of the !N3 
converging guide 
from sample to 
monochromator 
( the top part 
of the guide has 
been removed). 
See report p. I 32. 
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TECHNIQUES 

DS - TAS - blue box - Fig. 2: Photograph of the new !N20 
analyser using elastically bent Si I I 1 c,ysra/s. Each of 
the three swges contains a pack of three silicon plates: 

the plates in the top and bottom part are skew cur with an 
inclination angle of 7.5° to provide f ued vertical focusing 

optimisedfork1= 2.66 k 1. 

See report p. 133. 
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OPT - Fig. I : Graphic user interface of the i11stru111e11t 
control program MAD of D/0 based 011 OSFIMOTIF. 
See report p. 15 I . 

OPT- Fig. 3: The computing infrastructure end of /995. 
See report p. 152. 
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DPT - Fig. 2: General site interconnection diagram. 
See report p. I 5 1. 
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DPT- Fig. 4: Spatial response of the repaired D22 detector 
measured with a neutron laboratory source. 
See report p. 154. 
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DPT - Fig. 7: The.final assembled 
germanium monochromator 

for D2B. 
See report p. I 55. 

DPT - Fig. 9: The multilayer device used on LAD/ to select 
a broad wavelength band (20 % LLl/,l) cellfered at 3.6 A. 
The device consists of 40 silicon wafers, 
each with 374 Ni/T'i bilayers. 
See report p. I 56. 
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DPT - Fig. 6: The new hot press developed by B. Guerra and used 
fo r bending the Gennanium wafers fo r the D28 monochromator. 

The design ensures a uniform temperature reg ion of 200 mm 

:,ec 

300 

11!0 

100 

hight up to 900 °C. and pressures up to 3.5 bars 
during a f ully automated cycle. 

ee report p. /55. 

NUMBER OF STAFF BY NATIONALITY 1995 

DA - Table 2. 
See report p. I 71. 



REACTOR DIVISION 

(DR) 

Reactor Operation 1995 
The 5 operating cycles scheduled for this year were 

completed. 

Start of fir t cycle: 6 January 1995. The nominal power 
of 58.3 MW wa reached on 7 January at 9.29 p.m. 

Although the first cycle of our new reactor wa 
particularly long and interrupted by frequent restarts and 
shutdowns at variou power levels, its 46 equivalent days of 
full power were completed without any unschedu l ed 
shutdowns. According to routine procedure, this cycle ended 
with the un loading of the fuel element (see Fig. I). 

The first part of the cycle was given over to ILL 
scientists to allow them to make final adjustments to the 
instrument and check the effectivene s of the recon tructed 
radiological shielding. 

On 30 January, the reactor resumed continuous operation 
at nominal power. With the completion of the specific restart 
programme, reactor operation returned to normal. 

Data for 1995 
Number of days originally scheduled: 255 

Actual number of days of operation: 253 

umber of equivalent days of full power: 232 

Actual operating time as proportion of year: 70 % 

Actual operating time in relation to time scheduled: 99.2 % 

Number of fuel elements used: 5 

Number of new fuel element received: 2 

Number of unscheduled shutdowns: 2 

including: - brief shutdowns: 0 

- shutdown with Xenon poi oning: 2 

Cycle 99 
The cycle began on 6 January and was completed on the 

morning of 14 March. Apart from a brief reduction in power 
on 31 January as a result of the shutdown of a cold source 
compressor, the schedule wa respected. 

■ 
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Fig. I: U11loadi11g the fuel element from cycle 99. 

Cycle 100 
A power level of 15 MW was established on 3 April to 

allow flux measurements to be taken on the neutron guides. 

The actual cycle began on 4 April and was completed on 
the morning of 23 May. An unscheduled shutdown of two 
days occurred on 12 May following a loss of compressed-air 
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supply which caused the cold source turbines to hut down. 
To compensate for this delay, the cycle wa extended by 
2 days. 

Cycle 101 
The cyc le began on 6 June and wa completed on the 

morning of 23 July. Power was cut back for a short time on 
22 June in order to inspect an exchanger room after an alarm 
wa triggered. 

On 7 July, there wa an unscheduled shutdown lasting 
2 days due to a vo ltage drop on the EDF power supply. 

Cycle 102 
A power level of 15 MW wa e tablished on 7 August to 

allow flux measurement to be taken on the neutron guides. 

The actual cycle began on 8 August and wa. completed 
on the morning of 24 September. 

The cycle wa completed without interruption. 

Cycle 103 
A power level of 15 MW was establi hed on 30 October 

to allow flux measurements to be taken on the neutron 
guides. 

The actua l cyc le began on 31 October and was 
completed on the morning of 17 December. 

A brief reduction in power occurred on 29 ovember 
following the shutdown of a econdary sy tern cooling 
pump. 

Maintenance 
In pections and maintenance operations are cheduled at 

regular intervals in order to en ure that the installations 
continue to operate safely and reliably. 

Major work carried out thi year included: 

- The replacement of an industrial air compres or and 
two air-start compres ors for the diesel generators. 

- The die el generator in the emergency control room 
was replaced halfway through the year. 

- The in tallation of a temperature control loop for 
the reactor swimming pool. 

- The inspection of the in ide and out ide of the new 
reactor block and its «turned-down» grid (see Fig. 2). 

- The replacement of four tatic generator which supply 
power to the reactor control ystem and ILL' central 
computer. 
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Fig. 2: Preparing the inspection of the new «fllrned-down » grid. 

Under Examination 
Now that the beta beam tube has been removed and the 

flat grid ha been replaced by a «turned-down» grid , the 
reactor cycle can be extended. We have therefore submitted 
a reque t to the Safety Authorities to extend the duration of 
our reactor' operating cycle, which i currently limited to 
47 equivalent days of full power. 



ADMINISTRATION 

DIVISION 

( D A) 

Following the restart of the high-Oux reactor in January 
1995. the Administration Di v ision focused its attention 
primaril y on providing the In tilul with optimum service­
ori ented support as it returned to normal user operat ions. 
This in volved a broad range of activi ti es, including the 
procurement of uranium, obtai ning contractual guarantees 
for the production of fuel elements and the provi sion of 
spare part s for the reac tor , as well as providin g 
administrative support for the necessary investments in 
instrum entati on and l og i stic s support for meetin g the 
administrative needs of visitors and CRGs. 

The main priority in 1995 was to keep staff expenditure 
as low as possible. despite the on-going recruitment of 
yo un g scien ti sts and techni cia ns (w hi ch brought th e 
workforce up to 385 in 1995 compared to 377 in 1994). 
in order to have sufficient scope in the coming years for 
urgentl y needed investments in both ex isting instruments 
and new projects. 

Generally speaking, efforts were stepped up to review 
th e ln stitut 's cos t stru ctures, adaptin g them , where 
necessary, Lo changes in framework conditions. In thi s 
context, it was necessary to analyse not onl y the use of 
facilities and the general ILL infrastructure, but also the 
relationship between internal and external services. 

Regular budgetary monitoring and cost controls call for 
the use of state-of-the-art tools for IT and other operations. 
The first step towards implementing such tools involved 
creating the necessary hardware and oftware environment 
to be able to network the systems. Once this was achieved, 
the next tage was the ove rh aul of the M anagement 
Information System (MIS). This project was examined from 
the point of v iew of existing systems at ESRF and other 
comparable organisations to ensure that, before going ahead 
wi th the acquisition of a new system, all pos ible option for 
adopting an existing, tried and tested MIS solution had first 
of all been th orough ly invest igated. Although such an 
approach meant that the project would fall behind schedule, 
the delay was accepted in view of the potential cost savings 
ge nerated by the use of a sys tem whic h was already 
operational . 

■ 
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Durin g th e period cove r ed by thi s report. th e 

Admini stration Di vision also endeavoured to in tegrate our 

CRGs and gained initial experience in the handling of the 

specific indi vidual contracts concluded with these group . In 

certain areas. it i becoming apparent that th e cos t of 

supportin g CRGs has been underes timated. It i s quite 

poss ible, therefore. that in the future the range of services 

provided and th eir financial repercu ss ions may be 

reevalualed on the bas is of the findings made in 1995. 

The Head of Administration has establi shed much closer 

contacts with his counterparts at ESRF and EMBL, on the 

one hand, to take acco unt of the increas ing need for 

consultation on matters relating to hared services and, on 

the other. to improve exchanges of experience between the 

neighbouring organisations. The regular meet ings also serve 

to discuss. among other things, the possibility of reducing 

costs th rough concerted action w ith regard to suppliers and 

servi ce-prov iders. This year, for the first time. the heads of 

admini strati on of ILL and ESRF attended each other 's 

finance committee meetings as observers. 

In the framework of a recently launched initiati ve for 

promoting mob ilit y and the exchange of ex peri ence in 

Europe (.European Association for .Research M anagers and 

Administrators - EARMA ), the Head of Administration 

agreed, at the beginning of 1995, to chair thi s association, 

which is supported by ILL, for the first two years of its 

ex i stence . EA RMA seeks to crea te a comprehensive 

databa e of experti se relating to the management of the 

research process. develop original pilot-projects on research 

management processes, and m ake ava ilabl e rel evan t 

information to those involved in research management and 

admini stration through : networking, publications, audio­

visual materials. internet databases. seminars, professional 

training courses, staff exchanges. Within the contex t of these 

activities, ILL has exchanged staff w ith research institutions 

from its member countries and set up vocational train ing 

periods. EARMA has also successfu lly organised a training 

course in Brussel s on the management o f EU con tracts, 

wh ich attracted 60 participant from more than I O countries. 
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Finance and Management 
Information Systems 

Finance 
Implementation or the 1995 budget 

1995 saw the re 'tart of the reactor and Lhe resumption of 
experimental activi tie at ILL - 5 cycles were completed, the 
fir t of which served as a te t phase for the restart of the 
instrume nts. By the end of 1995 , ILL was operating the 
eq u iva len t of 24 instrumen ts, as we ll as six instruments 
managed in the context of CRGs. 

Expenditure 

Total ILL expenditure is expected to amount to 299.9 MF, 
comprising a normal budget of 295.8 MF and 4.1 MF for the 
refurbishment of the reactor. 

The following table show the variation in expenditure 
between 1994 and 1995 : 

Expenditure Estimated Change 

1994 expenditure 

1995 

Expenditure kF % kF % % 

I. taff costs 182 516 57,8 178 700 59,6 -2, 1 

2. Fuel elements 4 687 1,5 24480 8,2 422,3 

Consumable 20 7 18 6,6 27 249 9,1 31,5 

Long term supplies 
6 690 2. 1 10 978 3,7 64.1 

and ervices 
Short term . upplie 

14 805 4.7 13 461 4.5 -9.1 
and services 
Travel I 974 0.6 I 935 0.6 -2 .0 

Miscellaneous 
3 406 I. I 6 696 2.2 96.6 

adm. costs 
Taxes and fees I 624 0.5 I 640 0,5 1,0 

3. Operation 49 217 15,6 61 959 20,6 25,9 

Buildings 0 0.0 I 200 0.4 

Equipment 2 83 0.9 6 914 2.3 139.8 

In truments 12 152 3.8 10 3 10 3.4 - 15,2 

Other investments 11 818 3.7 12 23 4.1 3.6 

4. Total lnve tment 26 853 8,5 30662 10,2 14,2 

5. ormaJ Budget 
263 273 83,3 295 801 98,6 12,4 

(1-4) 

6. Reactor 
52 711 16,7 4 058 1,4 -92,3 

Refurbishment 
9. Total expenditure 

315 984 100 299 859 100 -5, 1 
(5 + 6) 

The normal budget increa ed by 12.4 %, from 263.3 MF 
in 1994 Lo 295 .8 MF in 1995. 

Staff costs fell by 2 . 1 % compared to 1994. de pile 
average staffing level of 385, compared to 377 in 1994. 
Thi was due primarily to a ub tantial fall (approximately 4 
MF), over 1994 figure , in the amount of funding devoted to 
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the reduction or renewal of permanent positions at ILL in 
1995, as well as the injection. as planned, of "young blood" 
into the staff. 

The redundancy programme implemented in 1995 at a 
co t of 6.3 MF will reduce . taff expenditure pem1anently by 
an average of 2.5 MF per year. 

With the restart of the reactor. fuel costs rose 
con iderably, the major co t item being the purchase of 
50 kg of uranium from ukem at the end of 1995 and the 
production of two fuel element (compared with one in 
1994 ). 18 irradiated fuel elements continued to be held in 
interi m storage at Cadarache and the product ion of cy li nders 
began at the end of 1995. 

The other operating co ts showed an overall increase of 
26 % over the previous year. aturally, thi s increase 
corre ponds primarily to the expenditure generated by the 
operation of five reactor cycles (fluids, insurance, etc.) and. 
where scien t ific activities are co ncerned, the cost of 
welcoming visitors to the Institut starting from the second 
reactor cycle, as well as providing logi stic support for 
experiment . 

Investments rose by 14.2% as a result of the complete 
overhau l of the roof of ILL 7, at a cost of 3.9 MF. Scientific 
investments came to I 0.3 MF and concerned: 

• the high-flux mul tidetector D20 • 960 KF 

- the TOF spectrometer IN4C - I 600 KF 

• the gamma-ray spectrometer GAMS 5 • 890 KF 

• the neutron guide H25, - 800 KF 

- the polarised 3He filter - 350 KF 

- the reflectometer D 17 - 300 KF 

- LADI - 270 KF 

- Lhe development of exi ting in truments - 5 140 KF 

Income 

Comparison of 1994 and 1995 Budgets• Income 

Income Income Estimated Change 
1994 Income 1995 
kF % kF % % 

Collaboration I 970 0.6 I 900 0.6 -3.6 
with ESRF 
ILL"s own income 3 386 I. I 8 000 2.7 136.3 

Spanish 
4 240 1.3 4 520 1.5 6.6 

contribution 
Swiss 

6 530 2, 1 
contribution 

7 900 2.6 21.0 

Au trian 
5 3 10 1.7 6 022 2.0 13,4 

contribution 
As ociates 

252 839 80,0 260 157 86,8 2,9 
contributions 
Carry forward 

- 11 002 -3.5 11 002 3.7 NC 
94/95 
Carry forward 

-3 700 -1,2 C 
95/96 
Use of reactor 

52 711 16.7 4 058 1.4 -92.3 
re erve 
Total 315 984 100,0 299 859 100,0 -5,l 



-DA- FINANCE AND MANAGEMENT INFORMATION SYSTEMS 

Ex penditu re for the refu rbi hment of the reactor was 
e timated at 4 MF in 1995 and was financed by reserves set 
up in prev ious years, within the lim its of the budgetary 
envelope allocated for the overall project ( 173 .1 MF). 

The Assoc iates' contributions amounted to 260. 1 MF, 
which represents 87% of ILL' s income. The contributions 
fro m th e Sc ie ntifi c Me mbe rs - Au str ia, Spa in and 
Switzerland - came to an overall total of 18.4 MF. or 6% of 
ILL' income. 

There wa a marked increase in other ILL income as a 
result of the sale of the scientific in trument IN 12 to KFA 
and D 15 to the CEA, which from now on will be operated 
within the framework of CRG contracts. 

Finally, the available credits from 1994 (amounting to 11 
002 KF) were carried forward to the l 995 budget, while 3 
700 KF of the credit generated by the sa le of instruments 
I 12 and D 15 will be carried forward to 1996 for scienti fic 
investment (image plate detector system, polari sing 3He 
fac il ities, refl ectometer project, etc.) . 

Outlook for 1996 
The 1996 budget was adopted by the Steering Committee 

on 28 November 1995 for a total of 324.6 MF, an increase of 
24.7 MF co mpared to 199 5 (+ 8.2 %). T hi s amo unt 
compri ses 3 1.7 MF fo r in ves tments (+ 3%), 14.3 MF to 
complete the reactor refurbi shment programme and 33.3 MF 
for the supply of fuel elements. 

Overall survey: the ILL budget 1997 - 2000 

In current prices , the level of the lnstitut ' budget is set 
to fa ll in 1997 and 1998 (by 298 MF and 300 MF, 
res pec ti ve ly) as a res ult of th e · uspen io n of ura nium 
procurement and the co mpleti on in 1996 of the reac tor 
re furbi shment programm e. In ves tme nts will amount to 
32 MF, i.e. 10% of the budget, a fi gure which is comparable 
to in vestment levels pri or to the reactor hu tdown . As of 
I 999, the slight increase in the budget (3 I 5.8 MF in 1999 
and 3 12.9 MF in the year 2000) will be due main ly to the 
production of fuel elements and the resumption of uranium 
procurement ; other operali ng cos ts wi II , on the who le, 
remain stable. 

Management Information Systems 
With the ex pi ry of a number of temporary contracts 

underlining staff hortages in the Management Information 
Systems group, an audit of our activities was carried out by 
an external company. As a result of its fi ndings, we decided 
as of July to ubcontract the running of our servers and the 
hot line to an outside service-provider. Six months later, the 
benefits of this olution are conclusive: not only do our users 
get a better service but it also allow the members of the 
group to focus their efforts more effectively on applications 
and improvements to architecture and per onal computers, in 
order to enhance interactions and communication. 

Hardware 

In ten ive use has bee n made of the Nove ll se rve r 
(Net ware 4. 1 ), wh ich was installed last year in order to 
simplify shari ng in a heterogeneou environment and allow 
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acce to co mm o n reso urces. In c reased d e ma nd has 
pro mpted us to ex te nd th e serve r co nfi gura ti o n . Thi s 
ex tension, which is currently be ing installed, will provide 
better perfo rmance levels fo r more users, together with 
improved operating security. 

We have co ntinued wo rk o n upd a tin g o ur pa rk of 
personal computers with hardware upgrades (memory, disk, 
processor) and by replacing obsolete Macintosh computers, 
mai nly with PCs. We can now reasonably expect all per onal 
computers to use the same so ft ware versions, something 
whi ch was prev ious ly imposs ibl e du e to pe rfo rm ance 

limi tations. 

Applications 

Software support for the most recently added applications 
has been especially demanding. Much has also been done lo 
improve the consistency of the site database: given the large 
number of users involved, the validity of the data captured 
co uld no t be checked correc tl y and res tri c ted access 
procedures have been introduced to fac ilitate the neces ary 

corrections. 

The dec ision to migrate appl ica tions to Windows has 

been taken and the technological choices ratifi ed. All the lists 
needed by the Scientific Coordination Office (SCO) have 

therefore been rewritten. The e now run under Window and 
the performance problems have been resolved. The migration 
of data capture programmes is tarting and will not onl y 
incl ude straightforward migration but will also integrate any 
new functions deemed necessary. 

Restructuring of MIS 

A number of meetings and pre liminary contacts have 
confirmed the need to overhaul the MIS . The start of the 
project has been postponed until the beginning of 1996 in 
order to es tabli sh a broad con ensus before preparing an 
initi al set of specifications. 

Purchasing 
The restart of the High Flux Reactor in January 1995 

meant a return to normal Ii fe fo r everyone at ILL. The 
Purcha ing Service which had been mainly occupied by the 
commercial aspects of the reactor re furbi shment over the 
prev iou fo ur years has now adapted to normal operation 
again. 

Procurement for the fuel cycle 

Once the new reac to r vesse l had been in s ta ll ed our 
thoughts turned to ensuring the supply of reactor fue l for the 
forthcoming years. An international invi tation to tender fo r 
uranium was sent to suppliers in the member states in March; 
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three offers were received. In May, the Steering Committee 
authorised the purchase of two lots of Highly Enriched 
Uranium: 

• 9.5 kg from CERCA (F); 

• 50 kg from NUKEM/UKAEA (GB). 

During the reactor shutdown the production of fuel 
elements had been slowed down, thus a stock of fuel 
elements was built up ready for the reactor re-start. This 
stock is now being consumed and in 1997 fabrication of fuel 
elements will be raised again. A new contract for supply of 
fuel elements from 1998 onwards has to be negotiated, and 
as a first step, we have sent out a call for tender. 

Other purchases 

Following international calls for tenders important spare 
parts for the reactor were ordered from 

• GEC Alsthom (F), H I-H2 beam tube housing 
and coupling sleeve, 

• NTG (D), anti-siphon valves, and 

• GIROD SISA (F) , the through-going beam tube H6-H7. 

Other major purchases for the reactor include the 
replacement of neutron flux monitoring equipment for the 
reactor protection system awarded to SCHNEIDER (F). 
Schneider also supplied uninterruptable power supplies. 

CILAS (F) received a high value contract for the 
manufacture and installation of a 25m section of the thermal 
neutron guide H25, which was financed mainly by the CEA. 

For the instruments, the highest value order was placed 
with IMT (CH) for the production of microstrip electrode 
plates for D20 multidetector. Ten " ILLSEC " temperature 
controllers were ordered from DUHAMEL (F) for different 
instruments at ILL. Several calls for tenders were sent out 
for the different parts of the new instrument IN4C; most 
of the orders have now been placed. 

Other notable pur-chases in the scientific sector include: 

• graphite rnonochromators for D2B from 
ATOMGRAPH (USA); 

• a polarising analysing station from PETERSBURG 
NUCLEAR PHYSICS INSTITUTE; 

• a magnet power supply for IN20 from DANFYSIK (DK). 

For scientific computing, 14 SILICON GRAPHICS Indy 
workstations as well as four DIGIT AL Alpha machines 
and four HEWLETT PACKARD workstations were bought. 
For Management Information Services the trend has been 
to replace Macintoshes by PC's from Hewlett Packard. 

Two major building contracts were concluded: 

• The construction of a new roof on the experimental 
hall, building ILL 7; 

• The construction of the joint ILL/ESRF coffee bar 
which enables the restaurant in the Common Building to be 
extended into the area formerly occupied by the coffee bar. 
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Distribution of purchases in the member states 

Whenever possible, for major purchases, an international 
call for tenders was ca.iTied out; offers were compared on an 
ex works basis so as not to disadvantage British and German 
firms compared with local suppliers. This, together with 
negotiation of discounts from regular suppliers for routine 
purchases, enabled us to achieve considerable savings. 

The distribution of ILL purchases (orders exceeding 
50 KF) in 1995 is shown below. Table I includes purchases 
for which a free choice of suppliers was possible excluding 
therefore the fuel cycle, electricity, and small purchases less 
than 50 KF. 

Customs and transport 

The return to normal scientific activity has meant an 
increase in the volume of tempora.i·y imports of samples and 
apparatus for experiments carried out at ILL. Some of the 
samples become radioactive after exposure to the neutron 
beam and consequently, special precautions have to be taken 
for the packing, transport and formalities for the return to 
origin. 

Stores 

A fork-lift truck was bought for use by stores in order to 
facilitate the transport of heavy items over long distances . 
Previously the storemen had to share a fork-lift truck with 
other departments and inevitably problems of availability 
arose. 

An independent inspection of all the machine tools in the 
raw material stores was carried out with the aim of 
improving safety and ensuring conformity with current 
regulations. The continual surveillance, maintenance and 
upgrading of these machines is essential to the provision of 
raw materials to ILL's users. 

Staff changes have had a profound effect on the service. 
Following the early retirement of ILL' s most experienced 
buyer, the stock controller transferred to Purchasing. His 
replacement in stores was recruited internally from the 
Health Physics Group. 

Britain 
1,4MF 

73% 

France 23,6 MF 

O thers 
4,1 MF 

Germany 
3, 1 MF 

Table 1: Distribution of ILL purchases. ( orders > 50 kF) 
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Personnel and Human 
Resources 

The Personnel and Human Resources Service (SPRH ) 
compri ses three groups: Personnel Man ageme nt , Hu man 
Resources Manage ment , and Te leco mmuni cati o ns a nd 

General Services. 

Personnel policy 

Personnel policy foc used primaril y on curbing staff costs 

by keeping a tighter control on the average earnings of the 
ex isting wo rk fo rce. Amo ng othe r things, th is invo lved 
stepping up efforts to ·· rejuvenate·• the workforce through 

uitable recruitment measures and encouraging some staff 

members to leave. 

Workforce 

The authorised workforce increased from 377 in 1994 to 
385 in 1995. Compared to 1994, the overa ll breakdown by 
nationality (see Table 2 page 163) reveals a noti ceable increase 
in the number of German staff (+ 8), a s li ght increase in the 
number of British staff ( + 2), a fa ll in the number of French 
staff (- 3) and little change for other nationalities ( + I). 

Fo ll ow in g th e de pa rtures reco rd ed durin g 1995 , a 
rec ruitment campaign was launched in the three member 
countrie . For each of the positions adverti sed, an average of 
200 to 250 applicati o ns we re rece ived fro m these three 

countries . 

Average age 

As a result of thi s staff rejuvenation poli cy , the average 
age of ILL staff has fa llen to 43 .6 (compared to 44 in 1994 

and 44.7 in 1993) . 

Table 3 below shows a breakdown of the average age by 

sex and by Division. 

Salaries 

On 3 May 1995, a wage agreement for 1995 was signed 

be tw ee n th e Ma nage me nt and th e t wo trad e unio n 
organi sation (CFDT and SA ILL), comprising an increase of 
I % on I May 1995 and of 0.5 % on I August 1995 . 

Training 

Under French law, companies are obli ged to devote 1.5 

% of their payro ll to profe ional training. A portion o f thi s 
percentage is paid di rec tl y 10 cent ra l gove rnment lo he lp 
fund state- run sandw ich courses fo r the young as well as 
. pec ial tra ining leave ("conge indi viduel de fo rmati on"'). 

The remai ning amount is used to fund tra ining prov ided fo r 
ILL personne l. In thi s contex t, around 150 members of staff 
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5 

48 

46 

44 

42 

40 

38 

36 
DIR m 16 
(13 men+ 
3 women) 

D.S. • 115 
(94 men+ 
7 women) 

48,3 

DPT = 89 
(82 men+ 
7 women) 

47,7 

■ M en 
■ Women 
o Total 

DRE • 103 DA = 62 
(101 men+ (34men+ 
2 women) 28 women) 

Table 3: Breakdown of average age by sex and by di vision. 

were able to benefit from courses offered in wide vari ety of 
areas: management, languages. spec ific technical subjects, in 
particul ar computing. 

Student traineeships 

T he lnstitut opened its doors to more th an a hundred 
trainees from various schools and uni versit ies. Another fo ur 
sandwich-course students were given "Qualification contracts", 
allowing them to spend 50 % of their time at ILL and 50 % 
attending theory classes . Two Qualificat io n contracts are 
avail able in each Div ision in various fi elds of ac ti vi ty (physical 
measurements, secretariat, management, CAD). 

Measures to encourage staff integration 

• French as a foreign language 

To help foreign members of staff to adapt quickly to li fe 
in France, ILL organi ses French classes, which are a lso open 
lo ESRF personne l. During the academic year 1994/95 , these 
classes were allended by some 85 people. 

• Accommodation 

Assistance is avail able to new arri va ls who are looking 
for accommodation. ILL a lso has nine apartments, which are 
offe red o n a te mpo rary bas is until uit abl e pe rm a ne nt 
accommodation is fo und. In 1995, ILL he lped 133 people to 
fi nd accommodation. 
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• International schooling 

Schooling for children continues to be a key factor in the 
integration of families. ILL and ESRF are making every 
effort to develop the sy tern set up in Grenoble. The subject 
of the charter on international schooling in Grenoble 
prompted wide-ranging discussion , re ulting in a text which 
outline the teaching experti e of the taff within the 
"Section .lnternationales" of the "Cite Stendhal". Where 
school premises and facilitie are concerned, however, 
progre has been brought to a tand till due to the local 
political climate. 

Guest Scientists 

The start-up of the reactor ha ignalled the return 
of outside users to the Institut. Table 4 below gives the 
breakdown by nationality of guest scienti ts funded by ILL. 

Telecommunications and General ervice 

The Joint Telephone Service continued to equip ESRF 
and ILL with telephone lines. The group also provided a 
great deal of support in other areas, uch as mail , 
photocopying , mes enger se rvices and audio-visua l 
equipment. At the end of 1995, the mail service in particular 
posed serious problems; a lot of imagination was needed to 
ensure that urgent mail actually left the In titut. 
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Guest scientists by nationaly 

(total : 888) 

19,5% 
(173) 

■ German ■ British 

■ French Other 

15,4% 
(137) 

Table 4: Guest scientists by 11atio11ality (total: 888). 

Building and Site Maintenance 
Maintenance, repairs and improvement of the ILL site, 

building and technical installations (except the reactor) are 
the main activities of the Service. It also provides as istance 
in its technical fields to the whole lnstitut, especially 
to experiments (for shielding, handling and infrastructure). 

The Service carries out the necessary interventions with 
its workshop or by placing ex ternal contracts. In 1995 , 
its main tasks were: 

• refurbishment of the roof of lLL 7 building, 

• preparation of experimental positions for CRG D23 
and TN22 on beam H25, 

• completion of the primary shielding of IN4C 
experiment, 

• renovation of part of ILL4 toilets, 

• studies for" Commission Locaux " in order to optimise 
the u e of office and laboratories. 

The Service is also involved in examining technical 
problems in relation with other laboratories. 
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Workshops organized or 
sponsored by the ILL in 1995 
Grenoble, France, January 24-27, 1995 

Reunion de I' Association Fran~aise de Cri stallographie -
AFC95 
Organisers: EMB L, ESRF, ILL, IBS 
Coorgani sed by Delegation Regionale du CNRS 

Les Houches, France, June 06-09, 1995 
New Tools for Neutron Instrumentation 

Organisers: TASSET F. , BUTTNER H.G. 

Seyssins, France, October 04-07, 1995 
Quantum Tunnelling of Atoms and Molecules in Solids 

Organi sers: FILLAUX F. , BUTTNER H.G., 
KEARLEY G.J ., MEINNEL J. 

Journal Issue 
and Book Published 
ZACCAI G. [Editor] 
Neutrons in biology 
Biophysical Chemistry 53 n° 1-2 ( 1994) (special issue) 
Elsevier, 1994 
ISS N 030 1-4622 

JANOT C. , MOSSERI R. [Editors] 
Quasicrystals - Proceedings of the 5th In ternational 
Conference 
World Scientific , 1995 
ISBN 981 -02-24 18-4 

■ 
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Theses 
MURPHY H.M . 

Investigation of the structural and magnetic phase 
transitions in CeSix by neutron scattering 

A doctoral thesis submitted in partial fulfilment 
of the requirements for the award of Doctor of Philosophy 
of the Loughborough University of Technology (Jul y 1993) 

WILSON C. 
Structure-reacti vi ty relationships through x-ray 

and neutron di ffract ion studies 
Thesis submitted to the Universi ty of Durham fo r 

the degree of Ph.D (May 1995) 

WUTTKE J. 
Dynamische Neutronen- und Lichtstreuung 

an molekularen Glasbildnem 
Dissertation am Fachbereich Physik der Johannes­

Gutenberg-Uni versitat Mainz (Dezember 1993) 
(Verbesserter Nachdruck Juni 1995) 
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Seminars 

College 2 

Theory 
"Proprietes de transport et tran ition metal isolant 

dans les quasicristaux". 
D. MA YOU, LEPES, CNRS, Grenoble, France. 

"Fu llerenes et autres'·. 
A. RASSAT, Labo de Chimie, NS, Paris. 

"Many body correlations among hard core bosons: basis 
for a microscopic theory of 4He". 
Yi Hong CHEN, Univer ity of Madrid. Spain . 

'Two-dimensional Hubbard mode l". 
P.W. ANDERSON, Princeton, University USA. 

"Fine structure of defect in ystems with 
multi-component order parameter ". 
I. LUKYAN HUK, Univer ite de Montpellier, France. 

"Proprietes dynamiques d'un melange bosons-fermions" . 
J. -M. ROBIN , CRTBT-CNR . Grenoble. 

" upraconductivite sou fort champ magnetique 
dan les conducteur quasi-unidimen ionnel ". 

. DUPUIS, Physique de Sol ides, Orsay, France. 

"Propagation of light in photonic matter". 
Ad LAGENDUK, University of Amsterdam. 
The etherlands. 

"Structures eutectique hor d'equilibre". 
K. KASSNER, ILL, Grenoble, France. 

"The spin-gap in the CuO superconductors". 
H. MONfEN, ETH, Zurich, Switzerland. 

"Singular urfaces in liquid crystals". 
E. KATS, Landau Institute, Moscow and Universite 
Joseph Fourier, Grenoble, France. 

"Sliding and relaxation of pinned density wave ". 
S. BRAZOVSKJI, Landau In titute, 
Mo cow and CRTBT-CNR , Grenoble, France. 

"Charge and current con erving a.c. transport 
in mesoscopic conductor ". 
M. BUTIIKER, Univer ity of Geneva, Switzerland. 

"Electromigration et instabilitc de surface du silicium". 
C. MISBAH, Universite Joseph Fourier, Grenoble, France. 

"Fracture dirigee" . 
B. PERRIN, ENS, Paris, France. 

'The Mott tran ition: Basic concept and result 
from model calculations". 
F. GEBHARD, Phillips Universitat, Marburg, Germany. 

"Coexistence and two length cales in the critical 
cattering from systems with long-range di order". 

M. ALTARELLI, ESRF, Grenoble, France. 
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"Crossover from Bose-Einstein condensation to BCS 
pairing in dense Fem1i systems". 
G. ROPKE, Universittit Rostock , Germany. 

"U ne temperature pour la turbulence developpee··. 
B. CASTAlNG, CRTBT-C RS, Grenoble , France. 

"Frottement solide et hysteresis". 
P. NOZIERES, ILL, Grenoble, France. 

"Semiquantum sy. tems: from supertransport 
to gian t opalescence". 
E. BASHKJN, Universitat Marburg, Germany. 

"Heat conductivity in gla ses". 
Philip B. ALLE . SU Y- tony Brook. SA, and Ecole 
Polytechnique Federale de Lausanne. Switzerland. 

"Mode-coupling theory for interacting lllnnelling 
defects in KCl:Li". 
A. WURGER, ILL, Grenoble, France. 

"Why is the macroscopic world classical ? 
The role of nuclear spins". 
P. STAMP, University of British Columbia, 
Vancouver. Canada. 

"Resonant Raman cattering in rare earth systems". 
M. Van VEENE DAAL. E RF, Grenoble, France . 

"Pha e diagram and correlation exponents 
for interacting electrons in one dimen ion''. 
E.B. KOLOMEISKY, Cornell, Ithaca, .Y. , USA. 

"Le quasiparticules e. camotees: questions recentes 
en physique des fermions fortement correles". 
A. GEORGES, Ecole Nationale Superieure, Paris. 

"Magnetic behavior of the cuprate semiconductors". 
A. SOKOL, University of Illinois, USA and L.D. 
Landau Institute, Moscow. 

··van Hove ingularity and the related non-Fem1i liquid" . 

I. DZY ALOSHI SKI. University of California, 
Irvine, USA. 

'The Hubbard model and the three band Cu02 model: 
imilaritie and dissimilarities". 

H. KAGA. Niigata Univer ity, Japan. 

"Kondo systems in point contacts". 
G. ZARAND, Technical University of Budapest, Hungary . 

"Radiative transport in magnetic fields". 
B. van TIGGELE , Mai on des Magi tere , 
C RS Grenoble, France. 

"On the theory of quantum evaporation". 
L. PITAEVSKI, Kapitza In titute, Mo cow. 

"Accrochage de reseaux de vortex et locali ation 
des bosons en interaction : une theorie variationnelle". 
T . GIAMARCHl, Physique des Solides, Orsay, France. 



SEMINARS 

" ucleati on et croissance epitax iale ur des surfaces 
a marches··. 
A. PIMPINELLI, ILL, Grenoble, France. 

"Superconducti vity in the 2d t-J model 
at low electron density". 
M . KAGAN, Kapitza Institute, M o cow. 

" de Haas-van Alphen effect in type II superconductors". 
T. MANIY, Technion, Haifa, Israe l. 

·'Polarons et liquides de polarons en dimension infinie". 
D. FEINBERG, LEPES-CNRS, Grenoble, France. 

" Kirchoff theorem in latt ice model s of stati stica l 
mechanics". 
E. KORNILOY, Joint Inst. for Nucl. Research, 
Dubna, Russia. 

·'De la convection a la dynamo··. 
A . TILG ER. Universitat Bayreuth, Germany. 

"Charged skym1ions in a 2D electron ga under 
a strong magnetic fi eld". 
Y. BYCHKOY. Landau Institute, Moscow. 

"The search for marginal, non Fermi liquid behaviour 
in one and two band Fermi model.··. 
M. KAGA , Kapitza Institute, M oscow and ILL, 
Grenoble. France. 

·'Pouvez-vous monter sur unc echelle de spin ?" 
L. LEVY. N 1-C RS, Grenoble. France. 

·'From the LOA to low energy hamiltonians for high 
temperature emiconductors: ex tended saddle points 
and interplanc coupling". 
0 . ANDER E . Stuttgart. Germany and E RF 
Grenoble, France. 

" Le bruit grenaille dans le conducteurs meso. copiqucs". 
T. MARTI . ILL, Grenoble, France. 

" Dynamic of the dissipati ve two-state system -
the anisotropic Kondo model rev i ited". 
T.A . COSTI , ILL, Grenoble, France. 

"Theory of photoluminesc nee at v = I : exc itons, 
spin waves and skyrmions". 
N. COOPER, ILL, Grenoble, Fran e. 

" La transition semiconducteur-metal 
dan le polyacetylene". 
D. BAERISWYL, Universite de Fribourg, Switzerland. 

College 3 
Nuclear and Fundamental physics 

" ls it possible to produce nex t generation of UC 
sources wi th den. ity 103 + 104 cm·3 ?". 
A. EREBROV. St. Peter. burg Nuclear Institute, 
Gatchina. Rus ia. 
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" New measurements of the antineutrino-spin asymmetry 
in beta decay of the neutron and re triction for mass 

of M wR"· 
A. SEREBROV, St. Petersburg Nuclear Institute, 
Gatchina, Russia. 

·'Etude des noyaux exotiques par spectroscopie laser". 
F. IBRAHIM, Institut de Physique Nucleairc, Orsay, France. 

" Reali zation of a magnetic mirror for cold atoms". 
H. ABELE, Univer itat Heidelberg, Germany. 

"Overview of neutron based instrumentation activiti es 
at the high flux isotope reactor and the Oak Ridge 
National Laboratory" . 
M .. WRJGHT, Oak Ridge ational Laboratory, USA. 

·'UCN anomalies·•. 
A. STEYERL. University of Rhode Island, Kingston, USA. 

" Project of a new 20 Me V electron accelerator 
for experiments in radiation and nuclear physics". 
D. JA SSE , Forschungszentrum Rossendorf, Germany. 

" New techniques for randon progeny monitoring". 
S. OBERSTEDT, SCK.CE , Mol, Belgium. 

·'Measurement of the asymmetry in the free neutron 
beta-decay with the spectrometer PERKEO-2 - Fir t results". 
T . M ULLER, Universitat Heidelberg, Germany. 

"Troitsk experiment on the search for a neutrino mass 
in the beta-decay of tritium". 
V. LOBA HEY, Inst. for uclear Research, Troitsk. Russ ia. 

·'Polymers studied with nuclear reaction analysis 
and A S using dynamic nuclear polari ati on". 
M .G.D. van der GRI TEN, University of Surrey, UK. 

"'Transmi ss ion neutron tomography". 
P. CHIRCO. Univer ity of Bologna, Italy. 

'The pins of neutron p-wave resonances in 238u 
and 113Cd''. 
F. G NSING, CEA Saclay, France. 

"Experiments with UCN - Some practi ca l aspects". 
(Lecture on 7th Int. School on Neutron Physics). 
V. NESYIZHEYSKI, ILL, Grenoble, France. 

" Recent experiments at PNPI (Gatchina)". 
I. Studies of UCN production by the solid deuterium. 
2. Parity violating spin rotation nearby 139La p-wave resonance. 
A. SEREBROY. St. Petersburg Nucl. Physics Inst. 
Gatchina, Russia. 

" High re olution UCN spectrometer for the fundamental 
investigation in neutron optics·• . 
A.I. FRANK, FL P, Dubna, Russia. 

" New UCN-source at a pulsed reactor". 
Y .N. SHVETSOY, JINR, Dubna. Russ ia. 

·'X-ray and neutron capillar opti cs and its applications". 
M. KUMA KHOY. fRO Institute for Roentgen Optic . 
Moscow. 



SEMINARS 

College 4 
Structural and magnetic excitations 

"Structural fluctuations and magnetic correlation 
in Bi2Sr2(Ca,Pr)Cu2O8+o ". 
L. V ASILIU-DOLOC, Laboratoire Leon Brillouin, 
CEA-Saclay, Gif-sur-Yvette, France. 

"Spin -Peierls transition in CuGeO3". 

M. AIN, Laboratoire Leon-Brillouin, CEA-Saclay, 
Gif-sur-Yvette, France. 

"Neutrons and uperfluidity in 4 He in vycor 
and mixtures". 
P. SOKOL, Penn ylvania State Univ., USA. 

"Spin fluctuations in superconducting La2_x SrxCuO4". 

S. HAYDEN, H.H. Wills Phy . Lab., Univ. of Bristol , UK. 

"Dynamical Chiral fluctuations in magnets 
and their observation with polarized neutrons''. 
S.V. MALEYEV, St. Peter burg Nucl. Phys. In t. , 
Gatchina, St. Petersburg, Russia. 

"Changes of phonon dispersion in graphite 
at high pressure". 
A.S. IVANOV, Russian Re earch Centre Kurchatov 
Institute, Mo cow. 

"External phonons and orientational di order in C60" . 

S.L. CHAPLOT, Bhabha Atomic Research Centre, 
Bombay, India. 

"A one-megawatt long-pulse spallation source: 
better or worse than ILL for neutron cattering ?". 

R. PYNN, Los Alamos National Laboratory, 
Los Alamos, USA . 

''The concept of internal strains in mode ll ing 
of cry taJ lattice in tabilitie in quartz". 
M. SMIRNOV and A. MIRGORODSKY, 
Inst. of Silicate Chemistry, St. Peter burg, Ru sia. 

"The magnetic relaxation of liquid 3He 
on a paramagnetic crystal surface". 
M.S . TAGlROV, Kazan State Univ., Kazan , Russia. 

"Experience with the ela tically bent silicon 
monochromator and analyzer on the ILL T AS in truments". 
J. KULDA, ILL, Grenoble, France. 

"Study of the phase transformation in materials 
embedded into porous glass". 
S. VAKHRUSHEV, A.F. Ioffe Physical - Technical Institute 
St. Petersburg, Russia. 

"Soft modes and phonon interaction in the Sn2P2Se6 

family tudied by inelastic neutron scattering and Raman 
pectro copy". 

S.H.W. ElJT, Research Inst. for Materials, 
Univ. of Nijmengen, The Netherlands. 
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College 5 

Crystallography and magnetic structures 
"Oxygen vacancie in pyrochlore oxide . 

Why they matter". 
B.J . KENNEDY, School of Chemistry, 
Univer ity of Sydney, Sydney. Australia. 

"Giant magneto triction in compounds with magnetic 
moment and valence in tabi lities". 
M.R. IBARRA, Univer ity of Saragoza. pain. 

"Single-crystal growth and structural characterisation 
of simple carbocuprate ". 
F. CINO MATACOTTA, ICTP, Trie te, Italy. 

"Developments in internal strain measurement 
u ing neutron ". 
G. SWALLOWE, Loughborough Univer ity of Technology, 
Loughborough, UK. 

"Half a problem: tunnelling pectroscopy 
of molecular crystal of unknown structure' '. 
M. JOHNSON , ILL. Grenoble, France. 

"Structural "tuning' ' of magneti sm in A l-xA' xMnO3 
(A= La, Pr; A'= Ca, r, Ba)". 
P. RADAELLI , ILL, Grenoble, France. 

College 6 

Structure and dynamics 
of liquids and glasses 

"Investigations of uperionic conductors CuBr, Li2S, 
and Ba2NH by ela tic, qua ielastic, and inelastic neutron 
scattering". 
W. BUHRER, Paul Scherrer Institute, Villigen, Switzerland. 

"Application of multilayer to cosmic X-ray studie ". 
P. GORENSTEIN, Harvard Smithsonian Center 
for Astrophysics, Cambridge, USA. 

"Neutron reflection from rough urface analysed 
in the distorted wave Born approximation". 
G. UUNGDAHL, Rutherford Appleton Laboratory, UK. 

"The dynamic tructure of liquid alkali metal s: 
re ult from computer experiments". 
G. KAHL, Techni che Univer itiit Wien , Austria. 

College 7 
Material science, surfaces and spectroscopy 

"Neutron reflection from Fibonacchi multilayers". 
E.!. KORNILOV, Frank Laboratory of eutron Phy ics, 
J INR, Dubna, Russia. 

"The lattice dynamics of decagonal quasicrystals". 
M. KRAJCI, Technische Universitat, Wien, Au tria. 



SEMINARS 

"Tethered ad orbing chai ns: neutron reflecti vity 
and surface pressure of pread di block copolymer 
monolayer " and "Toward the solution of the inverse 
problem in neutron refl ectometry" . 
A.A. VAN WELL, lnterfacultair Reactor lnstituut, 
Delft University of Technology, The Netherlands. 

"Molecular magneti sm: inelastic neutron scattering 
from magneti c clusters". 
H. GUEDEL, Universitat Bern, Switzerl and. 

"The NI T neutron research fac ility: present and future·•. 
John J. RUSH, National Institute of Standards 
and Technology, Gaither burg, USA. 

"Rotor pha es in al kali -thallium compound ". 
D. LONG PRJCE, Argonne ational Lab., Argonne. USA . 

"Neutron scattering from rough interfaces 
in periodic multil ayered tructures" . 
B. TOPERV ERG, Petersburg uclear Physics Institute, 
Gatchina, St. Peter burg, Rus ia, and ILL, Grenoble, France. 

College 8 
Biology 

"Bilayer and the effect of protein coupling: 
a neutron refl ection, MR and FT-lR stud y". 
Th. BAYERL, Uni versity of Wi.i rzburg, Germany. 

"Determinati on of deuterium incorporation into RNA 
and protein components of the E. Coli ribosome 
by SA S technique ". 
I. RD YUK, Academy of Sciences o f Rus ia, 
Poustchino, Mo cow. 

"Cry Lal structure of the pecific membrane 
channel maltopori n". 
T. SCHIRM ER, Biozentrum, Universitat Ba el, Switzerl and. 

"Analyses of membrane-membrane effectors interaction 
by olid state MR". 
A. MlLO , LPTF-C RS. Toulouse, France. 

College 9 
Structure and dynamics 
of soft-condensed matter. 

"Interobject correlation in heterogeneous polymer 
systems under deformation. A mall angle neutron 
scattering study". 
F. BOUE, Laboratoire Leon Brillouin , CEN-Saclay, France. 

"The investigation of interfaces between polymers 
by re tlecti vity techniques". 
M. STAMM, Max-Planck- lnslitut fUr Polymerforschung, 
Mainz, Germany. 

"Charge generation and transport in dielectric 
di spersion " . 
H.-F. EICKE, Dept. Chemie, Universitat Basel, Switzerl and. 
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"Shear-induced change in the order-disorder transit ion 
temperature and the morphology of a triblock copolymer". 
A. NAKATANI, Nat. In t. of Standards and Techno logy, 
Gai ther burg, USA. 

"Local structure of hard/soft nanocomposites 
under deformation". 
Y. RHARBI, Laboratoire Leon Brillouin , CEN-Sac lay, 
Gif-sur-Yvette, France. 

"Shape tran formations in the lec ithin-bile sa lt sy. tern : 
from spherical micell e Lo cylindrical mice lles to ves icles". 
S.U. EGELHAAF, LSS Group, ILL, Grenoble, France. 

"Experiments on the glas transition in polymers". 
R. ZORN, IFF/KFA JUlich, Germany. 

" pecular re tlection of neutrons at the air-water 
interface and small angle scattering by a mi xed 
phospholipid/polymer y tern". 
B. DEME, Service de Chimie Moleculaire, CE -Saclay, 
Gi f-sur-Yvette, France. 

Thursday colloquium 
"STM and surface phys ic ·•. 

F. SALV , Uni versite de Marseille ll , France. 

''Conducting linear alka li fulleride polymers" . 
A. JANOSSY, Inst. of Phys ics, Technica l Uni versity 
of Budape "l, Hungary. 

"Even-odd symmetry breaking in superconductors" 
M. DEVORET, Groupe Quantronique, Service de Physiq ue 
de l'Etat Condense, E - aclay, Gi f- ur- Yvette, France. 

"Electronic Raman scattering a a probe 
of anisotropic pairing in superconductors". 
R. HACKL, Walter Mei ner Inst. f. 
Tieftemperaturforschung, Garching, Germany. 

"'U ltra-cold ato ms". 
C. SALOMON, Laboratoire de pec troscopie Hertzienne, 
ENS Pari , France. 

"Neural network and biological problems". 
/ll-ESRF Joint Colloquium. 
G. TOULOUS E, Laboratoire de Phys ique Theorique, 
ENS Pari , France. 

" Unconventional vortex dynamics in the low-fi eld 
superconducting phases of UPt3". 

Ana Celia MOTA, Laboratorium fUr Festkbrperphys ik, 
Zurich, Switzerland. 

"Two length scales for phase trans itions". 
lll-ESRF Joint Colloquium. 
R.A. COWLEY, Uni versi ty of Oxford, UK. 

"Study of thin fi lms, surface and interfaces 
using high energy ion beams". 
C. COH E , Groupe de Phy ique des Solides, 
Universi te Paris VU et VI, Pari . 



CONFERENCE 

.. IP S upgrade: a technical feas ibi lity study 
for a I -MW pulsed spa llation neutron source". 
K. CRAWFORD. Argonne at. Lab., Illinois, U.S. A. 

"The synthesis o f the deformed superheavy elements 
107 to 111 " . 
ILL-ESRF Joint Colloquium. 
P. ARMBRUSTER, G.S.I. Darmstadt , Germany. 

"The physics of waste transmutation by neutrons". 
M. ALYATOR ES, CEA Cadarache, France. 

" Universalities: from Anderson Loalization 
10 quantum chaos". 
ILL-ESRF Joint Colloquium. 
8 . ALTSHULER, NEC Research Inst. Princeton, 
N.J . USA and MIT, Cambridge, MA, USA . 

"Quantum transport in a me oscopic superconductor-
2DEG quasiparticle interfe rometer". 
B.J . Van WEES, University ofGroningen, The Netherlands. 

" Industrial application of neutron diffraction". 
T. HOLDEN , halk River Laboratori es, Chalk Ri ver, 
Ontario, Canada. 
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Conference Contributions 
ARHUS, Denmark: ymposium in honour 
of Profes or S.E. Rasmu sen - 1995/06/08-09 

LEHMA M.S. A large detector for neutron studies: 
some first results. (Invited ta lk) 

ALP SELLAMA TT, Switzerland: Workshop on 
Composite Germanium Monochromators - 1995/06/12 

MAGERL A. The present status of the germanium 
monochromator development at the ILL. 

A VIG NON, France: 5th lnternational onference 
on Quasicrystals - 1995/05/22-26 

DUGAIN F., SUCK J.B . Temperature dependence 
of the generali zed vibrational density of states o f 
Al7oCo 15Ni 15. (Poster) 

SCHAUB T.M .. BU ERGLER D ... SUC K J.B .. 
AUDI ER M. , GUENTH ERODT H.J . .Investigati on of the 
quasicrystalline structure o f icosahedral Al6g Pd23 Mn9 
by STM and LEE. 

BAD HONNEF, Germany: WE-Heraeu - eminar: 
Polymers, Membranes, oft Matter - 1995/06/12-14 

EGELHAAF S.U., PEDERSEN J.S ., MUELLER M., 
SCHURTENBERGER P. Shape transformations in 
biological mixed urfac tant y tem : from spheres 
to cy linder to vesic les. 

BALA TO FUERED, Hungary: InternationaJ School 
on Quasicrystals - 1995/05/13-20 

JANOT C. The structure o f ico ahedral qua icrystals: 
bases and one example. 

BARCELO A, Spain: Vlll. European Colloid 
and Interface Society (ECIS) - 1995/09/17-22 

EGELHAAF S.U., BA UER H.H., M RKLE H.P., 
SCHURTENBERG ER P. Bicolloid stability and 
aggregation: understanding problems from "real life" 
with complex fluid phy ic . (Talk) 

HOLTHOFF H., GELHAAF . ., BORKOVEC M., 
SCHURT NBERGER P., STICH ER H. imultaneous 
static and dynamic measurements of coagulation rate 
constants on a fiber optical et-up. (Po ter) 

BEULNG, China: International uclear Physics 
Conference -1995/08/21-26 

DREX EL W., G EL TENBORT P. Ultracold and very 
cold neutrons for studies of fundamental interaction . 

FIONI G., FAUST H. Ma s, charge and kinetic energy 
di stributions of fi ion fragment from 245 m(nth,f) . 



CONFERENCE 

BERLIN, Germany: Verhandlungen der Deutschen 
Physikalischen Gesellschaft - 1995/03/20-24 

BUERGLER D.E., SCHAUB T.M. , SUCK J.B. , 
AUDIER M ., GUENTHERODT H.-J. Die Oberfl aeche 
ei nes Quasikristalls - Neue Ergebnisse mit STM und LEED. 
([nvited talk) 

GOMPF F., REICHARDT W. , SCHOBER H. , 
RENKER B., BUCHGEISTER M. Gitterschwingungen 
und Elektron-Phonon Kopplang im supraleitenden YNi2B2G 
(Tc I 15 .6 K) im Vergleich mit nicht suprale itenden 
LaNi2B2G bzw . Y(Nio_7Coo_3)zB2C. (Talk ) 

SCHOBER H. , RENKER B., GOMPF F. , ADELMANN 
P. Neutron scattering study of low-frequency excitations 

in Rb3C60 and Rb6C6o· 

PYKA N.M., REICHARDT W. Untersuchung des zur 
Breathing-Mode korrespondierenden Phononensweiges 
entlang der a-Richtung in YBa2Cu3O6/07. 

SCHAUB T. , BU ERGLER D., SUCK J.B., AUDIER 
M ., GUENTHERODT H.-J. Untersuchung von 
ikosaedri schem AI68Pd23Mn9 mittels STM und LEED. (Talk ) 

BIALOWIEZA, Poland: International School 
of Condensed Matter Physics - 1995/07/16-25 

OULADDIAF B. Determinati on of magneti c structures 
by neutron diffraction . 

CANCUN, Mexique: ICAM 95 - 1995/08/27-09/01 

JANOT C. Advances on quasicrystal s and related 
systems. 

CARDIFF, UK.: British Crystallography Association 
Annual Spring Meeting - 1995/03/27-31 

COLE J.M ., COLE J.C. , CROSS G.H. , HOWARD 
J.A.K. , SZABLEWSKI M. Structural studies of organic 
non-linear optical material s. (Poster) 

CHICAGO, USA: 9th International Conference 
on Liquid and Amorphous Metals - 1995/08/27-09/01 

SUCK J.B. Temperature dependence of the total 
dynamic structure factor of the metalli_c glass Ni33Zr64· 

DUGAIN F., MIHALKOVIC M. , SUCK J.B. 
Generalized vibrat ional dens ity of tates of decagonal 
AI70Co 15Ni 15. (Contributed paper) 

CHIEUX P., DUPUY-PHILON J., JAL J.F. , SUCK J.B . 
Temperature dependence of the collective atomic dynamics 
of liquid Rb. 

SUCK J.B. , SCHOB ER H. , GUENTHERODT H.J . 
The generali sed vibrat ional density of states and total 
dynamic structure factor of the meta II ic glass Zr 65 Cu 1 ?.5 
Ni 10 AI7_5 measured at room temperature. 

BENMORE C.J ., OLIV[ER R.J ., SUCK J.B ., 
ROBINSON R.A. , EGELSTAFF P.A. A neutron Brillouin 

scattering study of Mg70Zn30-
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COL-DE-PORTE, France: Rencontres Franco-Russes -
1995/03/23-26 

HENGGELER W., GUILLAUME M. , ECCELSTONE R. , 
TROUNOV V., FURRER A. lntermultiplet crysta l-fie ld 
transitions in SmBa2Cu3O7. 

SU ARD E., CAIGNAERT V., MIREBEAU I. , BOUREE F., 
BALAGUROV A.M. Influence of deoxygenation process 
on magnetic diagram of iron doped YBa2Cu3O7 phases. 

MUTKA H. , PA YEN C., ECCLESTON R.S ., BRODY 
J. , JOHNSON J. Susceptibility and magneti zation of a spin 
ladder compound. 

DARESBURY, UK.: 4th Annual CCP13/NCD 
Workshop - 1995/05/09-11 

LANGAN P. Neutron fibre diffraction studies. 

DARMSTADT, Germany: GSI-Colloquium - 1995/02/07 

SCHERM R. ILL - Reaktor wieder in Betrieb. 

DUBNA, Russia: VII International School on Neutron 
Physics - 1995/09/03-22 

KEARLEY G.J. Modern chemi stry with neutron 
scattering. (Invited talk) 

NESVIZHEVSKY Y.V . Use of UCN in experiments 
(some practical aspects) . (Invited ta lk) 

SCHERM R. Methods for condensed matter studies 
with neutrons. 

DURHAM, UK.: The International Meeting in Charge 
Density Analysis 1995 - 1995/12/14-16 

COLE J.M. Non-linear optical effects of organic 
molecules: Theory and application to charge density studies. 
(Invited talk) 

ERICE, Italy: Workshop on High Tc Superconductors -

1995/07 /09-15 

HENGGELER W. , GUILLAUME M ., MESOT J. , 
FURRER A., ADAMS M. Ho3+ single ion excitations 
in Y 0_99Ho0_01 Ba2CuO7. 

FLORENCE, Italy: Conference on "History of European 
Scientific and Technological Cooperation" -
1995/11/09-11 

SCHERM R. ILL - Present and future challenges. 

GARCHY, France: 4th Meeting on "Disorder in 
Molecular Solids" DISMOS-4 - 1995/05/29-06/01 

DIANOUX A.J., SAUVAJOL J.L. , KN ELLER G.R ., 
SMITH J.C. Ine lasti c neutron scattering and molecul ar 
dynam ics simulations of pri stine and doped polyacetylene. 
(Invited talk & Contributed paper) 



CONFERENCE 

GIARDINI NAXOS, Italy: XXV Congress of the Italian 
Association of Crystallography - 1995/09/25-27 

RADAELLI P.G., COX D.E., MAREZIO M., 
CHEONG S.W. , SCHIFFER P.E., RAMIREZ A.P. Structural 
anomalies associated with the magnetic and metal-insulator 
transitions in La J .xCaxMn03 (x=0.25 and 0.50). 

GRENOBLE, France: Reunion de I' Association 
Fram;aise de Cristallographie - 1995/01/24-27 

BELLET-AMALRIC E., LEGRAND J.F. Structure 
cri stalline des Polymere Ferroelectrique P(VDF-TsFE): 
Effets de la composition. (Talk) 

TIMMINS P.A. , PEBAY-PEYROULA E., WELTE W. 
Interactions proteine-detergent dans des monocri taux de 
proteines membranai res etudiee par cri ta llographie aux 
neutrons. 

MAY R. D22, un nouvel instrument de di ffusion de 
neutrons aux petits angles a I' ILL. 

LEHMAN M.S. L' utili sation de. phosphoimageurs 
sen ible aux neutron pour un grand multi -detecteur. (Talk) 

GRONINGE , Holland: International Euroconference 
on Magnetic Correlations, Metal-Insulator Transitions 
and Superconductivity in ovel Materials -
1995/11/08-13 

MUTKA H. , PA YEN C. , ECCLESTON R .. , BRODY 
J., JOHNSON J. Analogies in the susceptibility of a spin­
ladder compound and a Haldane chain - ex tracting the 
intrinsic behaviour. 

HABA Y-LA-NEUVE, Belgium: Seminar on Fission 
"Pont d'Oye Ill" - 1995/05/09-11 

FIONI G., FAUST H. and the PIAFE Collaboration. 
The PIAFE-pha e I project. (Contributed paper) 

HARO, Spain: DYPROSO XXV - 1995/09/23-27 
SCHOBER H. , RENKER B. , GOMPF F. Phonon 

den ity-of-states in alkali -metal-intercalated fullerides. 
(Invited talk) 

HIROSHIMA, Japan: 6th International Conference 
on the Crystallisation of Biological Macromolecules -
1995/11/12-17 

VUILLARD L. New agents for protein purification 
and crystalli sation . 

KONSTANZ, Germany: Workshop on Colloid Physics -
1995/11/30-12/02 

EGELHAAF S.U., PEDERSEN J.S., MUELLER M., 
SCHURTENBERGER P. Shape transformations in mi xed 
urfactant systems: from spheres to cylinders to vesicles. 

(Poster) 
HOLTHOFF H., EGELHAAF S.U., BORKOYEC M., 

SCHURTENBERGER P., STlCHER H. Simultaneous 
static and dynamic measurements of coagulation rate 
constant on a fiber optical set-up. (Poster) 
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KYOTO, Japan: 'The Outlook for Fundamental Physics 
with Superlow Energy Neutrons ' - 1995/01/11 

PENDLEBURY J.M. Fundamental physics with 
neutrons al the lnstitut Laue- Langevin. (Invited talk & 
Contributed paper) 

LA PLAT A, Argentina: The International School and 
Workshop in Charge Density Analysis - 1995/05/18-25 

COLE J.M., COLE J.C. , CROSS G.H., HOWARD 
J.A.K., SZABLEWSKI M. Zwitterionic TCNQ deri vati ve. : 
chromophores to organic non-linear optical materi als. (Poster) 

LES HOUCHES, France: ew Tools for eutron 
Instrumentation - 1995/06/06-09 

LARTIGUE C. , COPLEY J.R.D., MEZEI F., 
SPRINGER T. Focusing of neutron beams using curved 
mirrors for small angle scattering. (Contributed paper) 

ZEYEN M.E., OTAKE Y., FORTE M. Dual polari ed 
beam polarimeter: a highly ensiti ve tool for the detection 
of very small neutron spin rotation. (Contributed paper) 

MUTKA H. , SACCHETTI F. The foc ussing 
monochromator of IN4C. 

LEHMA N M.S. ew tools for neutron instrumentati on. 
(Invited talk) 

MAGERL A. eutron optics with gradient crystal . 

ZEYEN C.M.E., KAKURAl K. Spin-echo three-ax is 
spectrometer: a reali ty. (Contributed paper) 

A DERSON I.S., SCHAERPF 0 ., H0GH0J P., 
AGERON P. Multilayers. 

CIPRIANI F., CASTAGNA J.C. , WILKINSON C. , 
OLEINEK P. , LEHMANN M.S. The application of neutron 
image-plates for a large po ition- ensiti ve detector. 
(Contributed paper) 

BROWN P.J . Analysing neutron scattering data with 
the Cambridge crystallographic subroutine library (CCSL). 
(Contributed paper) 

RICHARD D., FERRAND M., KEARLEY G.J. 
Analysis and visualisation of neutron scattering data. 
(Invited talk) 

SCHAERPF 0. , ANDERSON I.S. Cla sical polari sation 
analysis. (Contributed paper) 

LIVERPOOL, UK.: Condensed Matter and Materials 
Physics 1995 - 1995/12/19-21 

COSTT T.A. Equilibrium dynamic of the dissipati ve 
two-state system. (Poster) 

LONDON, UK.: "Transport in Porous Media", 
organised by the SCI Colloid and Surface Chemistry 
Group - 1995/03/30 

DlANOUX A.J . Appl ication of neutron scattering 
to investigate diffu ion in porous media. (Invited talk) 



CONFERENCE 

LU D, Sweden: Sixteenth European Cry tallographic 
Meeting - 1995/08/06-11 

Mel TYR E G.J . Thennal-di ffu e-scattering corrections 
for single-crystal diffraction data from two-dimensional 
pos ition- ensitive detectors. 

SYE S ON S.O., KVICK ., Mel TYRE G.J . 
Structure refinement of [Co( H3)6][CuCl5 l using 
synchrotron radiation at A.= 0.160 and large imaging plates. 

OLOYSSO I. , Mel TYRE G.J .. PTASIEWICZ-BAK H. 
Spin and charge density in some hydrates of nickel salt . 
Bonding and artificial effects. 

LEADBETTER A.J . ew techniques and new applications 
of neutron scattering. 

LYO , France: International Workshop on MicroStrip 
Gas Chambers - 1995/11/30-12/02 

GEL TE BORT P. Performance of pas ivated and 
unpa sivated glass MSGCs. 

GEL TE BORT P. A monitor for the carbon and oxygen 
impuritie in the ASDEX-upgrade TOKAMAK. 

MA CHESTER, UK.: eutron Beam sers Meeting -

1995/01/24-27 
CIPRIA I F .. CAST AG A J.C. , L HMA M.S., 

WJLKI SO C. A large image-plate detector for neutron 
diffractometry. (Po ter) 

MUTKA H. I 4C - Thermal T-O-F. 

MO TPELLIER, France: 5th European Conference 
on Solid tate Chemistry - 1995/09 

ALLANCO C., RODRIGUEZ- ARYAJAL J .. 
FERNAND Z-DIAZ M.T., ODIER P., BA SAT J.M., 
LOUP J.P., MARTI EZ J.L. Neutron diffraction study 
of the high temperature tetragonal pha e in ox idi ed 
Pr2 iO4+li· 

MO TREAL, Canada: Annual Meeting of the American 
Crystallographic Association - 1995/07/23-28 

MelNTYRE G.J . Efficient single-crystal diffractometry 
with position- ensiti ve detectors. 

PEBA Y-PEYROULA E., TlMMIN P.A. Low 
resolution crystallography on complex y terns. 

TIMMI S P.A., PEBA Y-PEYROULA E., 
GARA YJTO R.M. , RO E BUSCH J. , ZULAUF M. 
Detergent tructure in tetragonal cry tats of porin from 
the outer membrane of E.coli . 

MORIOK , Japan: International Symposium: 
"Frontiers of High Tc Superconductivity" -
1995/10/27-29 

KHA ANOYA N.R., !SUMI F., TAKAYAMA­
MUROMACHI E., HEWAT A.W. Cry tal structure of the 
superconductor Ca2Sr2Cu3GaO9 prepared at high pressure. 
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OAXTEPEC, Mexico: XVID uclear Physics 
Symposium - 1995/01/04-07 

FAUST H.R., FIONI G., PINSTON J.A. The project 
of an exotic beam facility in Grenoble (PIA FE). 
(Contributed paper) 

OXFORD, UK.: Polar Solids Discussion Group Meeting -
1995/03/27-29 

LEADBETTER A.J . X-ray and neutron scattering. 

PARMA, Italy: Quasielastic eutron cattering. 
QE S'95 - 1995/09/07-08 

RISTOFOLI I L. , KO STANT! OS Y., KOSMAS P., 
DIA OUX A.J .. KOSA KAM ., HI ROSA WA I. , 
T AN IGAKI K. Molecular dynamic of C6<J in 
superconducting a2C C60. (Talk & Contributed paper) 

VOGL G. QUE S and qua ielasti c Mossbauer 
pectro copy for studying diffusion. 

BEEM., COMBET J., GUILLAUME F., MORELO .D .. 
FERRA D M., DIA OUX A.J . Neutron scattering studies 
of linear chains in an organic inclu ion compound. 
(Contributed paper) 

GIRARD P. , GUILLAUME F., DIANOUX A.J . 
Molecular dynamics of guest molecules in the channels 
of urea inclusion compounds investigated by means of IQ S 
spectroscopy. (Contributed paper) 

GIRARD P., GUILLA ME F., DIA O X A.J . 
Molecular dynamics of functionalized n-alkane guest 
molecules in urea inclusion compounds. (Poster) 

HAHID A., McGREEYY R.L., WI KS J. , MUTKA H. 
ritical narrowing of molten 7Li0_62 <i(J.:IB alloy. 

( ontributed paper) 

PHILADELPHIA, USA.: MMM95 - 1995/11/06-07 
IRAIMMATHI A.M., GMELIN .. ALLENSPACH P., 

RITTER . Magnetic ordering and . tructure of Nd3+ ions in 
NdBa2 u2.5G3a.5O7_y• 

PIS , Italy: Workshop on on Equilibrium Phenomena 
in upercooled Fluid , Glasses and Amorphous Materials -
1995/09/25-29 

FRI K B. Methyl group dynamic in 
poly(dimethylsi loxane). (Poster & Contributed paper) 

PORT D' LBRET, France: 4emes Journees de la 
Diffusion eutronique - 1995/05/17-19 

GIRARD P. , GUILLAUME F., DIA OUX A.J ., 
HARRIS K.D.M. Dynamique reorientationnelle et 
translationnelle du dioctanoylperoxyde inclus dans l' uree. 

AUV AJOL J.L., PAPANEK P., DIANOUX A.J. , 
FISCHER J. E., Mc EILLIS P .. MATHI C. , FRANCOIS B. 
Dynamique des modes de vibration de basse frequence 
du polyacetylene dope au potassium et au sodium. 

MIREB EAU I. , HENNION M., SUARD E., 
FERNA DEZ-DIAZ M.T Structure magnetique 
du compo e ZnMn2As2. 



CONFERENCE 

LAFOND A., FRICK B., FISCHER P., MUTKA H. 
Ordre magnetique dans le compose mi sfit "LaCrS3". 

MARM EGGI J.C. Eludes a basses temperatures de la 
diffusion dans !' uranium metal. (Poster) 

POZNAN, Poland: 2nd International Seminar on 
"Neutron Scattering Investigation of Condensed Matter" -
1995/04/19-22 

FRJCK B. Local dynamics of polymers around the glass 
transition te mperature. (Invited talk) 

KULDA J. The ILL reactor reconstruction and restart. 
(Invited talk) 

PRAGUE, Czech Republic: International Workshop on 
"Neutron Scattering Applications" - 1995/10/04-06 

KULDA J. , SAROUN J. Elastically bent perfect crystals 
on a TAS spectrometer. (Invited talk) 

REINSTORF, Germany: Deutsche Neutronenstreutagung -

1995/09/18-21 
MUTKA H., SACCHETTI F. , BU ETTNER H. IN4C -

Thermal T-O-F. (Poster) 

GU ENTHER R. Das Re tlekto-Diffraktometer EVA -
Spinpolari sierte Neutronenstreuung an Grenzfl aechen 
und Oberfl aechen. (Poster & Abstract) 

DORNER B. , TOPERVERG B.P. , SONNTAG A. , 
PETITGRAND D. Excitations in RbFeCl3 in einem 
ausseren Magnetfeld senkrecht zur Anisotropie-Achse. 
(Poster) 

RICHMOND, USA: International Symposium on the 
Science & Technology of Atomically Engineered 
Material - 1995/10/30-11/04 

JAN OT C. Quasicrystals as self-s imilar packing of 
atomic clusters. 

ROME, Italy: VI Convegno Annuale di Spettroscopia 
Neutronica - 1995/05/25-26 

LEADBETTER A.J. ILL - Past, present and future. 

SAINT-ETIENNE, France: Xe Collogue International 
"Progres dans les methodes d'investigation des metaux et 
nouveaux materiaux" - 1995/11/15-16 

BASTIE P. , MANIGUET L. , DUPEUX M. 
Non-destructive detection and locali zation of straining by 
gamma-ray diffractometry in a single crystal superalloy 
submitted to a shear test. (Contributed paper) 

SANDANSKI, Bulgaria: Coordination Meeting of 
Collaborating Scientific Groups in Nuclear Physics -
1995/10/22-26 

GELTENBORT P. Current fundamental physics 
experiments at the ILL. 
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SANTA FE, USA: Workshop on Future Prospects 
for Ultra Cold Neutron Research - 1995/12/06-09 

GEL TENBORT P. Neutron lifetime measurements 
at ILL. (Invited talk) 

STRELKOV A.V., NEKH AEV G.N. , SHVETSOY Y.N., 
SEREBROY A.P., KHARJTONOV A.G., TAL' DAEV R.R. , 
SAZHIN M.N., V ARLAMOV V.E., NESVIZHEVSKY V.V. , 
GELTENBORT P. , PENDLEBURY J.M., 
SCHRECKENBACH K. "Test of conservation of matter 
with UCN" .. or search for the upscattering of UCN to the 
energy range of VCN . (Invited talk) 

PENDLEBURY J.M . Review of present UCN sources. 
(Invited talk) 

PENDLEBURY J.M. The current JLL EDM 
experiment. (Invited talk) 

SAPPORO, Japan: Phonons 95 - 1995/07/24-28 
JANOT C. , BOISSIEU M. DE Vibrations in 

quas icrystals: Hierarchies and locali zati on. 

SCHOB ER H., RENKER B., GOMPF F. Low-energy 
excitations of A3C60 and A6C60 full erides. (Talk) 

SCHOBER H. Structural phase transitions and the 
determinant of the dynamical matrix. (Poster) 

RANDL O.G., VOGL G. , PETRY W. Phonons -
A diffusion motor in intermetallics. 

SEYSSINS, France: International Workshop on 
Quantum Tunnelling of Atoms and Molecules in Solids -
1995/10/04-07 

KEARLEY G.J ., BUETTNER H.G., FILLAUX F. , 
LAUTIE M.F. NH3 free rotors in Hofman clathrates . 
(Poster) 

ST. PETERSBURG, Russia: European Physical Society -
XV Nuclear Physics Divisional Conference ''Low Energy 
Nuclear Dynamics" - 1995/04/18-22 

PENDLEBURY J.M. Fundamental physics with 
neutrons at the Institute Laue-Langev in . (lnvited talk & 
Contributed paper) 

ST. PETERSBURG, Russia: Deutsch-Russisches 
Symposium zum Thema "Physics of Novel Materials" -
1995/09/15 

MAGERL A. Magnetic structures and polari zed neutron 
beams. 

STRASBOURG, France: E-MRS 95 Symposium -
1995/05/22-26 

BUTIARD D., BELLET D., BAUMBACH T. X-ray 
di ffraction investigation of porous silicon superlattices. 
(Contributed paper) 

BASTIE P., HAM ELIN B. La methode de Laue 
refocali see a haute energie : une technique d 'etude en 
volume des monocri staux. (Contributed paper) 



CONFERENCE CONTRIBUTIONS 

STROMBOLI, Italy: Horizons in Small-Angle Scattering 
from Mesoscopic Systems - 1995/09/27-30 

MAY R. New small -angle neutron scattering 
developments and experiments at the ILL. 

TALLAHASSEE, USA: Conference on "Physical 
Phenomena at High Magnetic Fields - II" - 1995/05/06-09 

CHEONG S.W., HWANG H.Y., RADAELLI P.G., 
COX D.E. , MAREZIO M., BATLOGG B., SCHIFFER P., 
RAMIREZ A.P. Origin and control of the "colossal" 
magnetoresistance in doped LaMnO3. (Contributed paper) 

TOULOUSE, France: Collogue National "Superalliages 
Monocristallins" - 1995/03/22-24 

BASTlE P., ROYER A., BELLET D. , LAJZEROWICZ 
J. Desaccord parametrique, parametres de maille et 
morphologie des precipites. (Contributed paper) 

TRIESTE, Italy: The Adriatico Research Conference 
on "Physics of Sliding Friction" - 1995/06/20-23 

CAROLI C. , NOZIERES P. Dry friction as a hysteretic 
elastic response. (Contributed paper) 

VILLARS-SUR-OLLON, Switzerland: XVth Moriond 
Workshop - Dark Matter in Cosmology, Clocks and 
Tests of Fundamental Law - 1995/01/21-28 

PENDLEBURY J.M. Summary talk on precision clocks. 
(Invited talk & Contributed paper) 

PENDLEBURY J.M. The neutron electric dipole 
moment experiment in preparation at the ILL. (Invited talk 
& Contributed paper) 

VILLINGEN, Switzerland: ICANS XIII - 13th 
International Conference on Advanced Neutron Sources -
1995/10/11-14 

LEADBETTER A.J. The continuing role of neutron 
scatteri ng in physics and chemistry. 

SCHMIDT W. , TIETZE-JAENSCH H., GEICK R. , 
WILL G. , GRIMM H. Improvements in resolution 
calcu lation for t1iple axis and time-of-flight. 
(Contributed paper) 

ZUOZ, Switzerland: Third Summer School on Neutron 
Scattering - "Magnetic Neutron Scattering" -
1995/08/20-26 

DORNER B. Instruments for neutron scattering. 
(Contributed paper) 

HENGGELER W., CHATTOPADHYA Y T., 
ROESSLI B. , FURRER A. Dispersion of the r 60l_r6<2l Nd 
crystal field excitation in Nd2CuO4. 
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P UBLICATIONS 

Publications -
ILL-Reports 1995 

This li st groups publications received during 1995 
resulting from the research at the ILL. 
ILL-Reports are li sted first. They are followed by the li st 
of publications in journals, conference proceedings, books 
with ILL authors and co-authors and by publications related 
to experimental work performed by visiting scienti sts 
at the ILL but without ILL co-authors. 

ILL-Reports 
(Code number I to 2 1) 

9SED01 
EDERK. 
Installation of a side deviator at the YCN exit port on PF2 
ILL-Report 

9SKN02 
KNELLER G.R. , KEINER V., KNELLER M., SCHILLER M. 
nMOLOYN: a program package for a neutron scattering 
oriented analysis of molecul ar dynamics simulations 
ILL-Report 

9STH03 
THOMASM. 
Etude therrnique de la source de "PIAFE" 
(ILL/DPT/Bl/SCM) 
ILL-Report 

9SMA04 
MALBERTP. 
IN4C - Spectrometre mobile - Note de calcul 
(OPT-BI-95-l 52PhM) 
ILL-Report 

95FA0S 
FAUST H.R. 
Calculation of mass and charge di stribution in nuclear 
fi ssion using a Boltzmann formulation (DS/NFP) 
ILL-Report 

95FA06 
FAUST H.R., BAO Z. 
Calculation of relati ve LCP yields in ternary fi ssion 
by a Boltzmann di stribution (OS/NFP) 
ILL-Report 

9SGL07 
GLUCK F. , LAST J. 
Measurable parameters of neutron decay 
ILL-Report 
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ILL - R EPORTS 

95GU08 
GUERRA B. 
Four electrique a focalisation de flu x "MIRROR 
FURNACE" 2 KW - 240 V - monophase equipe 
d' un thermocouple Pt Rh 30%/Pt Rh 6% pour regulation 
de temperature apparente. Notice de mise en service, 
d' install ation, d 'exploitation et d 'entretien (DTP/BO) 
ILL-Report 

95GU09 
GUERRA B. 
Installation de deformation en phase pl astique de lames 
de monocristal Ge (four presse). Notice de mise en service, 
d ' installation, d' exploitation et d 'entretien (DTP/BO) 
ILL-Report 

95TH10 
THOMAS M. 
Architecture et transferts thermiques de la source de PIA FE 
(ILL-OPT-BP) 
ILL-Report 

9STA11 
TASSET F., BUTTNER H.G. 
New Tools for Neutron Instrumentation (Abstracts) 
Les Houches, June 6-9, 1995 
ILL-Report 

9SSH12 
SHOTTON M. , LANGAN P. 
mcFibre. Software for anal ys ing data collected on O 19 
in fibre precess ion geometry 
ILL-Report 

9SRA13 
RANDLO.G. 
The long-wavelength method or calculating elastic constants 
from Born-von Karman force con tants 
ILL-Report 

95Fl14 
FILLAUX F. , BUTTNER H.G., KEA RLEY G.J., 
METNNELJ. 
Quantum Tunnelling of Atoms and Molecules in Solids 
(Abstracts) . Seys in , France, October 4-7, 1995 
ILL-Report 

9STH16 
THOMAS M. 
PIAFE: reaction exothermique due a une entree d ' air -
Etude de transferts thermiques 
ILL-Report 



PUBLICATIONS 

95BO17 
BOISSIEU M. DE, BOUDARD M., LETOUBLON A. , 
FRICK B., JANOT C. 
Time relaxation of longwavelenglh phason fluctuations 
in the AIPdMn icosahedral phase: high resolution inelastic 
tests on TN 16 
ILL-Report 

95A 18 
ANTONIADIS A., BERRUYER J., CARMONA R., 
FILHOL A. 
ABCstat User's manual and tutorial for the Macintosh 
ILL-Report 

95TH19 
THOMAS M. 
Detecteur 0 22 - Comportement elastique de la membrane 
precontrainte de . eparation des gaz 3Hef He (OPT) 
ILL-Report 

95PR20 
PRAGER M ., HEIDEMANN A. 
Rotational tunnelling and neutron spectroscopy: 
a compilation 
ILL-Report 

95BO21 
BOUVET A., FlLHOL A. 
PkFit v2. I for Macinto h user's manual. A tool to fit data 
from triple ax is spectrometers 
ILL-Report 

Papers published in Scientific Periodicals, 
Books and Conference Proceedings: 

l. With ILL authors and co-authors 
(Code number from 101 to 350) 

95RU101 
RUBIN J., PALACIOS E. , BARTOLOME J. , 
RODRIGUEZ-CARVAJAL J. 
A ingle-cry tat neutron diffraction study of NH4MnF3 

Journal of Physics Condensed Matter 7, 563-575 ( 1995) 

95BAI02 
BA MBACH G.T. , GAILHA OUM. 
X-ray diffraction from epitaxial multi layered surface 
gratings 
Journal of Physic D: Applied Physics 28, 232 1-2327 ( 1995) 

95BR103 
BRADEN M., SCHNELLE W., SCHWARZ W., PYKA N., 
HEGER G., FISK Z., GAMAYUNOV K., TA AKA I. , 
KOJIMA H. 
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ILL - REPORTS 

Elastic and inelasti c neutron scattering studies 
on the tetragonal to orthorhombic phase transition 
of La2_xSr xCuO4±o 
Zeitsch1ift flir Physik B 94, 29-37 ( 1994) 

95RE104 
REICHARDT W., PINTSCHOVIUS L. , PYKA N., 
SCHWEJSS P. , ERB A., BOURGES P., COLLIN G., 
ROSSAT-MIGNOD J.M. , HENRY I.Y. , IVANOV A.S., 
MITROFANOV N.L., RUMIANTSEV A.Y. 
Anharmonicity and electron-phonon coupling in cuprate 
superconductors studied by inelastic neutron scattering 
Journal of Superconductivity 7, 399-407 ( 1994) 

95KE105 
KEARLEY G.J . 
A review of the analysis of molecular vibration using INS 
Nuclear Instruments and Methods in Phy ics Research A 
354, 53-58 ( 1995) 

95TO106 
TOMKINSON J., KEARL Y G.J. 
The calculation of phonon wing intensities: ani sotropic 
effects 
Nuclear Instruments and Meth d in Phy ics Research A 
354, 169- 170 (1995) 

95 0107 
NOLDEKE C., PRESS W., ASMUSSE B., DAMA Y P. , 
LECLERCQ F., FOUKANI M., DIA OUX A.J. 
Ammonia rotations in ytterbiumhexaammine 
Journal of Chemical Physics 102, I 122- 1128 ( 1995) 

95SP108 
SPILKER H.M. , BLOMEYER C. 
Advantage of collocating re earch facilities. 
The administrator's point of view 
Phys ica B 204, 8- 13 ( 1995) 

95KO109 
KOCSIS M., FARAGO B., CER TII M. 
New type of radial collimator for strain measurements by 
neutron diffraction 
Review of Scientific Instrument 66, 32-37 ( 1995) 

95VU110 
VUILLARD L. , BRAUN-BRETON C., RABILLOUD T. 

on-detergent ulphobetaine. : a new class of mild 
. olubilization agent for protein purification 
Biochemical Journal 305, 337-343 ( 1995) 

95ZO111 
ZORN R., ARBE A. , COLMENERO J. , FRICK B., 
RI HTER D., BUCHENAU U. 
Neutron scattering study of the picosecond dynamic 
of polybutadiene and polyisoprene 
Physical Review E 52, 78 1-795 ( 1995) 



9STl112 
TIMMINS P.A. 

PUBLICATIONS 

Low resolution neutron c ry ·tallography of large biological 
macromolecular assemblies 
Neutron ews 6, 13- 18 ( 1995) 

95BO113 
BOUDARD M., BOURGEAT-LAMI E .. BOlSSl EU M. DE. 
J OT C., DURA D-CHARRE M. , KLElN H., AU DI ER 
M. , HENNION B. 
Production and characteri zati on of single quasicrystals 
of the Al-Pd-Mn ico ahedral phase 
Philosophical Magazine Letters 71 , 11-19 ( 1995) 

95BO114 
BO NETE F., ZACCAJ G. 
Small angle neutron scattering, total cross-sections and mass 
density mea urement of concentrated Na I and KCI 
so lutions in H2O or D2O 
Biophy ica l Chemistry 53, 69-76 ( 1994) 

9SIB11S 
lBEL K., MAYR. , SA DB ERG M., MASCHER E., 
GREJJER E., LUNDAHL P. 
Structure of dodecyl sul fate-protein complexes at 
subsaturating concentrati ons of free detergent 
Biophysical Chemistry 53, 77-84 ( 1994) 

9SBR116 
BRAMWELL S.T. , BUCKLEY A.M., 
ROSSEJNSKY M.J ., DAY P. 
Neutron powder diffraction study of the crystal structure 
of the layered minera l krautite, DMnAsO4.D2O 
New Journal of Chemistry 18, 1209- 12 14 ( 1994) 

95SC117 
SCHOBER H., RENKER B., GOMPF F., ADELMA P. 
Ine lastic neutron scattering result on Rb3C60 and Rb6C60 
Physica C 235-240, 2487-2488 ( 1994) 

9SGO118 
GOGOLIN A.O. 
Selected topics in the theory of l D quantum wires 
Annales de Phys ique 19, 41 1-432 ( 1994) 

9SMl119 
MIN EEV V.P. 
Superconductivity in UPt3 
Annales de Phys ique 19. 367-384 ( 1994) 

9SKA120 
KATS E. I. 
Line liquid crystals 
Annales de Phy ique 19, 447-458 ( 1994) 
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ILL-REPORTS 

9SCH121 
CHAB RE Y., PA NETTER J. 
Structural and e lectrochemica l properties 
of the proton /y- MnO2 system 
Progress in Solid State Chemistry 23, 1- 130 ( 1995) 

9SRO122 
ROSOV N .. LYNN J.W .. KASTNER J. , 
WASSERMAN E.F .. CHA TTOPADHY A Y T. , BACH H. 
Polarization analysis of the magnetic exc itations in Fe72 Pt28 
alloys 
Journal of Magneti sm and Magnetic Mate ri als 140-144. 
235-236 ( 1995) 

9SSU123 
SUMARLIN I.W., LYNN J.W. , CHATTOPADHYAY T.. 
BARILO S.N., ZHJG UNOV D.l ., PENG J.L. 
Magneti c structure and spin dynamics of the Pr and Cu 
in Pr2CuO4 

Physical Rev iew B SI , 5824-5839 ( 1995) 

95GO124 
GOMPF F., RENKER B., SCHOB ER H., ERNST D. 
Comparison of the phonon density of states 
of superconducting LiTi1.92Al _08O4 (Tc= I0.5 K) wi th 
that or non-superconducting LiTi 1 _97Cro3O4 

Physica C 235-240, I 197- 1 198 ( 1994) 

9SRE12S 
RENKER B. , SCHOBER H., ADELMA N P., GOMPF F. 
Inelastic neutron scattering study of new mercury based 
superconductors 
Physica C 235-240, I 199- 1200 ( 1994) 

9SST126 
STROTHMAN H., SCHAERPF 0 . 
Determination of Bloch wall thi cknes in Fe (4 at% Si) 
single crystals by means of neutron refraction close 
to the Curie point 
Journal of Magneti sm and Magnetic Materials 140-144, 
1897- 1898 ( 1995) 

9SKE127 
KESSLER M., DEPORTES J., OULADDIAF B., 
SAYETAT F. 
Magnetic properties of Sex Ti l-x Fe2 
Journal of Magneti sm and Magneti c Mate ri als 140-144, 
1795- 1796 ( 1995) 

9SCH128 
CHATTOPADHYAY T. , BROCKEL T., HOHLWEJN D. , 
SONNTAG R. 
Magnetic diffuse scattering from the frustrated 
anti fe 1Tomagnet MnS2 

Journal or Magneti sm and Magneti c Materials 140-144, 
1759- 1760 ( 1995) 



PUBLI CATIONS 

95MUI29 
M UTKA H., PA YEN C., MOLINIE P. 
Finite segments in quasi- ID Heisenberg anti ferromagnets: 
comparison of the isostructura l systems AgVP2S6 (S= I ) and 
AgCrP2S6 (S=3/2) 
Journal of M agnetism and M agnetic Materials 140-144, 
1677- 1678 ( 1995) 

95POI30 
POUGET S., ALBA M., NOGUES M . 
Influence of disorder on the static critical behavior 
in the frustrated ferromagnetic system CdCr2(1 -x) ln2xS4 
Journal of M agnetism and M agnetic Materials 140-144, 
153 1-1 532 ( 1995) 

95LO131 
LOEWENHAUPT M., FABI P., SOSNOWSKA I., 
FRICK B., ECCLESTO R.S. 
Temperature dependence of the magnetic excitati on 
spectrum of Dy2FeI4B 
Journal of M agnetism and M agnetic M aterials 140-144, 
1053-1 054 ( 1995) 

95OUl32 
OULADDJAF B .. BALLOU R., DEPORTES J., 
LELIEVRE-BERNA E. 
M agnetic frustra tion and instability in Dy I.xLaxMn2 
Journal of Magnetism and M agnetic M aterials 140-144, 
8 11 -8 12 ( 1995) 

958Al33 
BARE ~ A .. GEBH ARD F. 
Asymptotic Bethe-Ansatz results for a Hubbard chain 
with 1/sinh-hopping 
Europhysics Letters 29, 573-578 ( 1995) 
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