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NeL1tron image taken with a microstrip gas detector, 
deve/opped first at the ILL. The /el/ers are made of neutron absorbing 

plastic material. The distance between point and line of the " i " 
is 2 111111. Since reactor 11ewrons are presently not available, 

the detector was irradiated by a collimated Am-Be source. 
The exposure time was 240 hours at a rate of 4 collnts per second. 

Laue diagram (shown in landscape mode) of a large crystal of triclinic hen egg-whi te lysozyme observed 
wi th a cold neutron beam (LLB -sac lay). The recording device was an X-ray imaging plate equipped with a 
gadolinium oxide converter screen. 
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E XTERNAL O RGANIZATION OF THE ILL 

FRANCE 

Commissariat 
a l'Energie Atomique (CEA} 

Centre National 

Associates of the ILL 

UNITED KINGDOM 

Science and Energineering 
Research Council (SERC} 

de la Recherche Scientifique (C RS} 

SPAIN 

Comission lnterministerial 
deCiencia 

y Technologia (CICT) 

SWlTZERLAND 

Schweizer Bundesamt 
filr Bildung 

und Wi senschaft (SBBW} 

FEDERAL REPUBLIC 
OFGERMANY 

Kemforschungzentrum 
Karlsruhe (KFK} 

AUSTRJA 

Osterreichische Akademie 
der Wissenschaflen 

Countries with scientific membership 

Han en (BMFT) 

Kio e (KFK) 

Schunck (BMFT) 

Steiner (Univ. Mainz) 

Plenary Session 

30 members 

Steering Committee 
(at it last meeting) 

Aymar (CEA) 

Bouchard (CEA) 

o Comes (CNRS) 

Scientific Council 
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. . (SERC) 

Richard (Uni v. Durham) 

Yo (RAL) 

Wilkin (SERC) 

Subcommittees 

66 members 

Status: November / 992 



DEPARTMENT 

INSTRUMENT AND METBOm 
DEPARTMBNT 

Bead: J.C., ..... ................ 
• '°:~~•11ec11aa1 a lilectnlDlcl 
■MD11 b1..-.. 
■Mllllillmctan 

■St,ccial ---■Mllkilllyer Llbcnlory 

GENERAL ORGAN/GRAM 
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SCIENTIFIC SECTORS 

COLLEG~ 
CONVENORS:COLLEGESECRETAIUl!'S 

2Thcory 
3 FuadamenlaJ and Nuclear Physics 
4 Structural and Mapietic ~itatiom 
5 CryllBI and Magnetic Sll'UCIUl'CI 
6 Liquids, Disorder and Defects In Material 
8Biol~ 
9Chem1 try 

PHYSICISTS' 
REPRESENTATIVES 

Scientlftc Staff 
■ 66 Expermentalista 
■ 12 Theoreticians 
■ 30 Thesis students 

INSTRUMENT GROUPS 
Heads: Senior Scientists 

■ Fundamenlal and Nuclear Physic'& lnsttumcnts 
Head: M. Peodlebuy 

■ Three-axi, Spectromelffl 
Head: B. Domer 

■ TOF, High Resolution, SAS, 
Diffuse Scauering lnSlnllllellls 
Head: C. JIJIO(, J. Suck 

• Diffraction lnslrumenlS 
Head: J. Brown 

Status of 3 1/ / 2// 992 



"VISITS AND EVENTS 11 IN 1992 

The fence between the ILL and the ESRF, erected f or 
the construction of the Synchrotron and the associated premises 
was removed on 4 May 1992, giving way to a common site for both institutes. 

J. Charvolin, ILL Director (centre) pushes the gate open. 

The joint ILL-ESRF library was inaugurated in June 1992. 

The new building 
fo r the joint 

library. 

Th e hall of the 
new library 

prior to 
the installation 

of all shelves. 

The readers ' 
corner 

provides an 
agreable and 

wide space. 
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Th e Directors of both institutes are contemplating this important 
moment: R. Haense/ (Director General of the ESRF), third from 
the left and J. Charvolin (ILL Director),fourthfrom the left . 

The removal 
of the books 
from the old 
library into 
the new building. 

The shelves 
have got 1heir 
place and fi ll 
the hall. 

Danielle Marlin 
at work in her 
new office. 



" V ISITS AND E VENTS 11 IN 1992 

On 25 September 1992 Mr. Sho-::.o Shimomura, President of the Japanese Atomic Energy 
Research Institute (JAERJ) visited the ILL. 

In the picture (second }i'om lef t) he was welcomed 
by J. Charvolin, ILL Director, (second f rom right ) 

and E. Bcw er, Head of rhe Reactor Division (right ). 

In the picture, Mr. Shimomura is receiving explanations about the ILL-HFR b_v E. Bauer. 
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" VISI TS AND fVENTS 11 IN 

The Consul General of Germany in Lyon, 
Herr v. Hengstenberg, (second f rom 

right), visited the ILL on 20 October 1992. 
He and his wife were received by 

J. Charvolin, ILL Director, H. -M. Spilker 
(Head of Administration) and 

P. Armbruster (German Assistant Director 
(from left to right). 

M. Rouvil/ois, Administrateur 
General of the French Atomic Energy 

Commission CEA was guest of the 
ILL on 5 November 1992. 

In the picture he (on the left) is welcomed 
by the ILL Director, J. Charvolin. 

On the right, M. Aude 
(Bureau des Relations Publiques et 

de la Communication du CEN-Grenoble). 

M. Rouvillois visited the "niveau D" of 
the HFR. In the picture f rom left to right : 

M. Le Roux, Director of CEN-Grenoble, 
Mme. Antoni (Directrice 

de la Communication, CEA-Paris), 
M. Rouvillois, M. Bauer (Head of rhe ILL 

Reactor Division) and M. Barthelemy 
(Adjoin/ au Directeur, 

President du Comite Central 
des Activites Sociales, CEA- Paris). 
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" V ISITS AND E VENTS" IN 1992 

A very successful lmemario11al Workshop on "Merhods in rhe Dererminarion of Parrial Structure Factors of Disordered Matter 
by Neurron and Anomalous X-ray Diffracrion " was held at the ILL from 10-11 Seprember 1992. 

The picture shows the participa111s infronr of the ILL building. 

From 5-7 October a Workshop on "Applications of High Resolwion Gamma Spectroscopy 
in Swdies of Atomic Collisions and Nuclear Lifetimes" took place at rhe ILL. 

Th e piclllre shows some of the participant.1· during animmed discussions in front of the Chadwick 
Amphirhearre. 111 rhe centre. H. Bomer. one of rhe scientific organizers discussing 

with P. Armbruster. Depury Director of rhe ILL. 
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"VISITS AND fVENTS 11 IN 1992 

A "Journee des Polymeres et des Col/oides" was orgm1i~ed by P. Lindner and£. Geissler on /4 and 15 April 1992. 
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" V ISITS AND E VENTS" 

-. 
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IN 1992 

P. Lindner was the ILL organi::.er 
of 1he "2nd European workshop 011 neutron 

X-ray and lighl scallering as in vestiga ti ve 100/ f or "soft" 
condensed maller ·• in Bombanne.1· ( France) 

from 3 1 May - 6 June 1992. 



RAPPORT DU 0/RECTEUR 

L' evenernent rnajeur de I 'annee a certainernent ete la 
reunion de printernps du Cornite de Direction a 
Cadarache le 2 1 rnai 1992, ce tte reunion a ete 

decisive pour le futur de I ' ILL en affirrnant : 

- Ja decision de rernettre en etat le reacteur suivant le projet 
propose pa r I ' Jn s titut , le rede rn a rrage es t rn a intenant 
envisage pour la rni-1994 et, le reacteur etant rernonte a 
I ' identique, on peut envi sager un fonctionnement sans 
probleme pendant vingt ans apres cette date, 

- le cons tat de I' accord des troi s Gouvernements et des 
Ass oc ies s ur le princ ipe d ' un e prolon gation de la 
Convention entre les trois partenaires pour une periode d 'au 
moins di x ans a partir du 1.1.1994 et !' intention d 'etablir un 
protocole sur ce point pour presentation aux Gouvernements 
pour signature. 

Les conclusions de cette reunion expriment clairernent la 
volonte des Associes de maintenir I ' ILL dans son statut de 
laboratoire multinational et, en definissant le cadre de son 
fonctionnement futur , e ll es lui permettent d 'envisager les 
directions a suivre pour preparer le retour en exploitation 
apres le redernarrage. 

Remise en etat du reacteur 

Le projet de remise en etat a ete lance immediatement 
apres la reunion du Comite de Direction a Cadarache. Cette 
reaction immediate a ete rendue poss ible par un important 
travail prealable de preparation des actions techniques et 
administratives. On peut resumer ('ensemble du projet en le 
decomposant en troi s actions : le demontage de I ' ancien 
bidon refl ec teur e t son transfe rt hors de la pi sc ine, la 
preparation de cette derniere pour recevoir le nouveau bidon, 
la fabrication et (' installation de ce nouveau bidon dans la 
piscine. La premiere de ces actions a ete terrninee la derniere 
semaine de novembre, elle a ete entierement conduite par les 
equipes de l'ILL dans les coGts et delais prevus et sans le 
moindre incident. Ce fut un moment tres important pour 
I ' Institut qui etait juste a mi-chemin du long parcours devant 
le mener de I 'a rre t du reac te ur e n mars 199 1 a son 
redemarrage vers la mi- 1994. L 'accomplissement de cette 
action perrnet de mettre maintenant ('accent sur les actions 
co nce rn ant le re mo nt age propre me nt dit e t qui so nt 
ressenti es de fa~o n nettement plus pos itive. La seconde 
action, la preparation de la pi sc ine pour l' install ation du 
nouveau bidon, vient de demarrer, elle e t au si as uree par 
les equipe de l' Institut. La prerniere etape de la troisieme 
action, la fabrication du nouveau bidon, est bien en cours 
maintenant, elle a ete confiee a un industriel speciali ste des 
grandes structures en alli age d ' aluminium et son sui vi est 
assure par l ' Institu t renfo rce par un Architecte lndustriel, 
elle se derou le de fai;:on tout a Fait satisfaisan te. 

Les procedures administratives aussi ont ete lancees et, 
I' arret du reacteur depassant deux ans i I sera necessai re de 
deposer une demande de decret d 'autorisation de remise en 
serv ice. Les doss iers correspondants, au si bien techniques 
qu ' adrnin is tra ti fs, so nt en co urs de prepara ti on e t les 
premiers seront bientot presentes aux autorites competentes. 
Ce sont la les dernarches prevues en ce domaine et elles e 
developpent norrnalement. 
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Pour concl ure ce paragraphe, j' insisterai sur le Fait que 
les coGts et delais des actions techniques ou administrati ves 
entrepri ses ont e te res pectes g race a ux compete nces, 
engagement e t coordination des diffe rentes equipes de 
I ' Jnstitut qui ont participe a ces actions ; ceci concerne non 
seulement les equipes de la Division Reacteur et du Service 
de Prote c tion Radiol og ique, ma is a ussi ce ll es des 
Depa.rtements Exploitation des Experiences et Instruments et 
Methodes qui ont demonte et deplace les instruments pour 
liberer les acces au reacteur. 

Projets instrumentaux 

Pour assurer la reserve financiere nece aire a la remise 
en etat du reacteur, l'lnstitut a dG reduire son budget normal 
de 24 % entre 1991 et 1993, cette reduction a touche tous Jes 
secteurs et en particulier celui des investi ssements. Dans ce 
cadre bud ge ta ire nou s ne pouvon s envi s age r me ner 
simultanement l' achevement des projets instrumentaux et 
methodes en cours, les actions d 'entreti en, le tran sfert du 
ysteme inforrnatique vers UNIX et le demarrage de certains 

projets instrumentaux du programme de moderni sation . 
Nous avons decide de donner la priorite a 1 'achevement des 
trav aux en cours e t le de marrage du prog ramm e d e 
modernisation dans son ensemble ne sera pa poss ible. Nous 
ne pourrons env isager de lancer que quelques projets limites 
mais nous n'avons pas encore pris de deci sion ferrne pour ce 
dernier point car ii nous manque des elements d ' infom1ation 
concernant certaines composantes du budget 1993. 

L ' In stitut se re trou ve don e dan s un e s itu a tion ou 
certaines de ses acti vites de creation en instrumentation , 
appare illage et methodes vont etre ralenties. Ces activites 
etaient un des elements as urant la qualite et l'originalite des 
travaux scientifiques effectues a I ' lnstitut, elles contribuaient 
aussi fortement a son rayonnement et le autre centres de 
ne utroniqu e s' en e ta ie nt souv e nt in spires pour le ur 
deve loppernent. Un ralenti ssement de ces activites ne peut 
etre que ternporaire, ju tifie par l ' urgence de la remi se en 
etat du reacteur avec un budget limite, et leur retablissement 
apres le redemarrage devra etre une priorite. 

Directions pour le retour en exploitation 

L'ln titut a ete tres perturbe par l'annonce de la demande 
de I' A soc ie britannique de re negoc ie r la Conve ntion 
lntergouvernementale en vue de dirninuer sa parti cipation 
fin anciere ; ii craignait que ceci n 'affecte profondemenr la 
collaboration entre les trois pay , collaboration equilibree et 
fructueuse qui avait assure son effi cacite et son succes. Le 
Fait que le princ ipe d ' une prolongation de la Convention 
entre les troi partenaires ait ete reaffirrne a certainernent 
di sipe les inq uietudes a ce sujet. Cependant, la nece sire de 
prendre en compte les difficul tes fi nancie res actuelles, en 
part iculier ce lle de la Grande Bretagne, impose a I ' Institut 
d'env isager son retour en exploi tation en 1994 dans un cadre 
budgetaire ex tremement co ntraignant. Compte tenu des 
contributions financieres attendues des trois pays membres 
er de ce ll e e perees de membres sc ie ntifique ac tuels et 
potentiels, la diminution du budget par rapport aux annees 
de fo nc ti o nn e me nt no rm a l preced entes po urra ie nt 
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atteindre 15 %. II est done necessaire de preparer des 
maintenant I 'Institut a un tel changement et d 'adopter les 
mesures qui lui permettront d'assurer, outre le service aux 
utilisateurs et son activite scientifique, un programme 
minimal de developpements en instrumentation et technologie 
neutronique, comme evoque dans le paragraphe precedent. 

Un minimum de 25 instruments programmes exploites 
pendant 5 cycles a ete estime compatible avec le budget 
envisage. La liste de ces 25 instruments a ete etablie ur la 
base des discussions du "Users' meeting" du 17.10.1991 , 
en utilisant des criteres d'unicite et de complementarite par 
rapport aux instruments des autres centre europeens et apres 
consultation des scientifiques de I' Institut. Cette liste a ete 
presentee au Conseil Scientifique du 16.10.1992 et 
approuvee. (Les instruments retires de la programmation 
pourraient etre pris en charge par des "Co llaborating 
Research Groups" (CRG) des pays membres , dans le cadre 
d'un contrat etabli avec l' ILL) . 

L'Institut a reconsidere ses structures et mode de 
fonctionnement et a elabore une nouvelle organisation qui 
lui permette de travailler efficacement avec un effectif 
reduit. Les grandes lignes de cette reorganisation ont ete 
approuvees par le Comite de Direction lors de sa reunion 
d 'automne a Grenoble le 26 Novembre 1992. L'effectif 
minimal atteignable est de 400 personnes. Cette diminution 
d'effectif a 400 personnes apparait aussi etre le maximum 
possible, dans le cadre des budgets futurs, pour limiter la 
croissance du budget personnel et preserver un budget 
d 'investissement qui permette les developpement s 
instrumentaux et d'appareillage souhaites. En fait l' Institut a 
du definir un nouvel equilibre entre effectif et moyens de 
travail compatibles avec le nouveau budget. 

Ce fut la une direction difficile a prendre, et douloureuse, 
car la reduction d 'effectif impo e a I 'lnstitut de se separer de 
certains de ses collaborateurs qui avaient contribue a son 
developpement et a son ucces pendant les vingt cinq annees 
qui ont suivi sa fondation. En effet , la diminution de 
l'effectif, passant de 480 personnes avant l'arret du reacteur 
a 400 personnes, s 'effectue en grande partie par des departs 
"naturels" (fin des contrats a duree determinee, retraites a 
l'age de 60 ans, departs volontaires) mais implique aussi les 
departs en pre-retraite d 'un certain nombre d 'agents dans le 
cadre d ' une Convention d' Allocations Speciales du Fonds 
National de l'Emploi (AS-FNE). Une proposition dans ce 
sens a ete presentee au Comite de Direction d'automne qui 
en a approuve le principe, les modali tes de mise en place de 
ce plan sont actuellement a I 'etude avec la Direction 
Departementale du Travail et de l'Emploi (DOTE). 

Conclusion 

Comme deja dit plus haut, si les questions concemant la 
continuation de la cooperation de trois pays membres sont 
maintenant sans objet, !'analyse de la situation actuelle et de 
son evolution probable fait apparaitre d 'autres inquietudes 
quanta la fa<ron suivant laquelle l' lnstitut pourra assurer un 
niveau de fonctionnement raisonnable pendant sa seconde 
periode d'existence. ous arriverons a maintenir l' lnstitut en 
activite pendant les deux annees prochaines, mais a un prix 
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tres e leve : pertes de certaines competences et mi se en 
sommeil temporaire de developpements technologiques et 
instrumentaux. L 'effet des pertes de competences se fera 
sentir des le redemarrage, quand i I faudra remonter Jes 
instruments car une bonne part de la memoire les concemant 
risque d 'etre perdue uite aux departs de personnel et malgre 
nos efforts pour les organiser au mieux. D 'autre part s i 
l'In titut ne retrouve pas les moyens lui permettant de 
relancer un programme de developpement technologique et 
instrumental raisonnable, ii ne retrouvera pas le pouvoir 
attractif necessaire pour remplacer son personnel touche par 
les retraites a venir par du personnel jeune de qualite. 
Pendant la seconde partie de son existence l' ILL, en tant que 
laboratoire multinational , doit pouvoir continuer a assurer le 
role qu 'i l a eu pendant ses vingt premieres annees et aussi 
I ' elargir en donnant une place accrue aux membres 
scientifiques actuels, que nous remercions pour leur soutien 
pendant cette annee, et futurs. Ayant mis en route la remise 
en etat du reacteur, la Direction va tout mettre en oeuvre 
pour realiser ce but malgre de s conditions generales 
difficiles. 

L'equipe de direction 

P. Armbruster a quitte I' lnstitut le 31.10. I 992 a la fin 
de son contrat pour retoumer au GSI a Darrnstadt. Nous le 
remercions pour son action a l' lnstitut et nous lui souhaitons 
tout le succes poss ible dan s ses nouvelle s activites. 
R. Scherm , venant du PTB a Braunschweig , a succede 
a P. Armbruster le O I.I 2.1992. R. Scherrn est bien connu a 
l'In titut , ou ii a participe aux developpements de 
spectrometres trois axes et temp de vol et ii connait bien 
l ' Institut. P. Schofield et moi -meme sommes done tres 
heureux de le voir se joindre a nous pour participer a la 
direction pendant cette delicate periode de changement. 

L'annee a ete tristement marquee par le deces de trois 
collaborateurs tres apprecies et respectes : 

- M. Walter Marnpe, scientifique renomme qui a ete 
pendant de tongues annees un pitier dan notre secteur 
de physique fondamentale, 

- M . George lche, un membre tres actif du groupe "Theorie" 
de l'ILL, 

- M. A lain Schalk, collaborateur du Departement 
lnformatique. 

Nous garderons un excellent souvenir de leur presence 
et de leur engagement au service de I ' ILL. 

J. Charvolin 



DIRECTOR'S REPORT 

The most important event of the year was certainly 
the Spring meeting of the Steering Committee at 
Cadarache on 21 May 1992. Thi meeting was 
decisive for the ILL 's future with: 

- the decision to refurbi sh the High Flux Reactor in 
accordance with the ILL 's proposal, the res tart being 
envisaged for mid- 1994; as the reactor i being rebuilt on the 
same basis, its operation can be envisaged without any major 
problem for twenty years from that date, 

- the agreement of the three governments and the A sociate 
on the principle of prolongation of the Intergovernmental 
Agreement for a period of at least ten years from 1.1.94, and 
the intention of drawing up a protocol on thi s point to submit 
to the three governments for signature. 

The conclusion of thi meeting clearly express the will 
of the Assoc iate s to maintain the ILL' s status as a 
multinational laboratory. By defining the future context of 
operation of the ILL, this makes it poss ible to envisage the 
directions to be followed in preparation for the return to 
operation after the restart . 

Reactor refurbishment project 

The refurbi shment project was initiated immediately 
after the Cadarache meeting of the Steering Committee. This 
immediate reaction was made possible by the considerable 
prior prepara tion work by ILL on the technic a l and 
administrative steps necessary . The whole project can be 
s ummari sed by dividing it into three operations: the 
dismantling of the old reactor vessel and its removal from 
the swimming-pool, the preparation of the pool to receive 
the new vessel , and the manufacture and installation of the 
new reactor vessel in the swimming-pool. The first of these 
operations was completed in the last week in November, and 
was carried out complete ly by ILL teams within the cost and 
time limits envisaged , and without the sma llest inciden t. 
This was a very important date for the ILL, the half-way 
point on the long road from the reactor shutdown in March 
1991 to its restart in mid-1994. The comp letion of this 
operation now makes it possible to emphasise the operations 
for the reinstallation proper, which are regarded much more 
positively. The second operation, the preparation of the 
swimming-pool for the installation of the new reactor vessel, 
has just started, and this is also being done by the ILL teams. 
The first stage of the third operation, the manufacture of the 
new vessel, is now well in progre s; thi s contract has been 
placed with a company specialising in large aluminium alloy 
structures and is being monitored by the ILL. upported by 
an Industrial Architect. This is progre si ng to our complete 
sati faction. 

The administrative procedures have also been initiated, 
and as the reactor hutdown will exceed two years, it will be 
necessary to apply for a decree authorising the resumption of 
operation. The relevant dossiers, both technical and 
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administrative, are in preparation and the former will shortly 
be submitted to the authorities concerned. The e are the 
normal steps in such cases, and are progressing normally . 

To conclude thi s paragraph, I wish to emphasise that the 
cost and the timetable for the technical and administrative 
operations undertaken have been respected due to the kill , 
commitment and coordination of the different ILL teams 
which have participated in these operation ; thi s concerns 
not only the Reactor Division and Radiation Protection Unit 
teams , but also those of the In trument Operation and 
In s trument s & Methods Departments , which have 
dismantled and removed the instrument to provide access to 
the reactor. 

Instrument projects 

To ensure that the financial reserve necessary for the 
refurbishment of the reactor is available, the ILL has had to 
reduce its normal budget by 24% between 1991 and 1993, 
and this reduction has affected all sectors, in particular the 
investments. In thi s budgetary contex t we cannot env isage 
simultaneously completing current instrument and methods 
project s, maintenance operations, the transfer of the 
computer system to U IX and the initiation of instrument 
projects under the Moderni sation Programme. We have 
decided to give priority to the completion of work in 
progress, and that a s tart on the overall Modernisation 
Programme will not be poss ible. We can only envi age 
starting a few limited projects, but we have not yet taken a 
final decision on thi s last point, as we lack information on 
certain items in the 1993 budget. 

The ILL is thus in a situation where certain of its creative 
activities in instrumentation, equipment and methods will be 
slowed down. These activities have been one of the elements 
in the quality and originality of the sc ientific work at the 
ILL, and also contributed considerably to its influence, and 
often inspired the development of other neutron centres. 
Slowing down of these activities can only be temporary , 
justified by the urgency of the reactor refurbishment with a 
limited budget, and after the restart priority must be given to 
their resumption. 

Directions for the return to operation 

The ILL was very disturbed by the announcement of the 
British Associate 's request to renegotiate the 
Intergovernmental Agreement with a view to reducing its 
financial contribution; it was feared that thi ' would seriously 
affect the collaboration between the three countries, which 
has been balanced and fruitfu l, and has ensured the ILL 's 
efficiency and success . The fact that the principle of an 
extension of the Agreement by the three partners has been 
reaffirmed has certainly dissipated the concern on thi s point. 
However the need to take account of the current financial 
difficulties , in particular those of the United Kingdom , 
requires ILL to env isage its return to operation in 1994 in an 
extremely restrictive budgetary context. In the light of the 
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financ ial contributions expected from the three member 
countries and those hoped for from current and potential 
sc i enti fic members, th e reduc ti on in th e bud ge t in 
compari son w ith the preceding years of normal operati on 
could reach 15%. It is therefore necessary now to prepare the 
ILL for such a change, and to adopt measures ensuring that, 
apart from the service to users and its sc ientific acti vity, a 
minimum programme of developments in instrumentation 
and neutron technology will be maintained, as mentioned in 
the previous paragraph. 

A minimum of 25 scheduled instruments opera ted for 
5 cycles is considered compatible with the budget envisaged. 
The list of these 25 instruments was drawn up on the bas is of 
the di scuss ions at the use rs' meeting on 17. 10.9 1, using 
criteria o f uniqueness and ·complementarity in relation to 
instruments at other European centres, and after consultation 
w ith th e ILL sc ienti sts. Thi s li st was submitted to the 
Sc i entifi c Co un c il o n 16.10 .92 and wa appro ved . 
(The instruments no longer scheduled could be taken over 
by Collabora tin g Research Groups (CRGs) from member 
countries, under a contract with ILL). 

The ILL has re-examined i ts structures and mode of 
operation , and has worked out a new organisation to permit 
it to operate efficiently with a reduced staff. The broad lines 
o f thi s reo rgan isa ti on we re app rove d by th e Stee rin g 
Committee at it s Autumn mee tin g in Greno bl e on 
26 Nov ember 1992 . Th e min imum staff att ainabl e is 
400 persons. This reduction of staff to 400 also appear to be 
the max imum possible, in the contex t of future budgets, to 
limit the growth of the staff costs budget and to conserve an 
investment budget permitting the instrument and equipment 
deve lopments desired. ILL has in fac t had to define a new 
equilibrium betw ee n per so nne l and mea ns of work 
compatible with the new budget. 

Thi s wa a di fficult and painful tep to take, as the 
reduction in staff requires the ILL to part with some of its 
staff who had contributed to its development and succe • 
durin g th e t we nty- f i ve ye ars from it s fo und ati on. 
The reduction in staff, from 480 before the reactor shutdown 
to 400 persons, is in fac t taking place largely by ' natu ra l ' 
departures (end of limi ted-term contract , retirement at age 
60 , vo luntary departures) but al so necess i ta tes ea rl y 
retirement for a number of staff under a 'Fonds National de 
I ' Emploi ' A gree ment. A proposa l in thi s se nse w as 
submitted to th e Autumn m ee tin g of th e Stee r i ng 
Committee, which approved the principle, and the practical 
implementation of this plan is currently being studied with 
the ' Direction Departementale du Trava il et de I ' Emploi ' 
(local labour author ity). 

Conclusion 

As stated above, al though there are no longer any doubts 
on the continued cooperation of the th ree member countries, 
th e anal ys i s of th e present itu ati on and i ts pro babl e 
development bring out other concerns as to how ILL will be 
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able to e;isure a reasonable level of operation for its second 
lease of life. We shall be able to maintain the operation of 
the ILL during the next two years, but at a very high price: 
l oss of ce rt ain skill s and tempo rar y suspensi on of 
technologica l and instrument developments. The effect of 
the loss of skill s will be felt at the restart, when it will be 
necessary to reinstall the instruments, as a considerable part 
of the co llective memory of them is liable to be los t as a 
result of departure of staff, despite our efforts to organise 
these as well a poss ible. On the other hand if the ILL does 
not fi nd again the means to enable it to restart a reasonable 
technologica l and in trument deve lopment programme, it 
will not recover the attracti veness necessary to replace its 
taff affected by the forthcoming retirements by young high 

quality personnel. During the second phase of its ex istence 
ILL, as a multinational laboratory, must be able to continue 
to play the part which it had during its first twenty years, and 
also to ex pand thi s by gi v ing an enhanced pl ace to th e 
current sc ientific members, whom we thank for their support 
during the current yea r, and future sc ienti fic members. 
H av ing in i ti ated th e refurbi shment of the reactor , th e 
M anagement will do all in its power to achieve th is aim, 
despite the present difficult conditions. 

The Directorate 

P. A rmbruster left ILL on 3 1. 10.92 at the end of hi s 
contract to return to the GSI at Darmstadt. We thank him for 
his work at the ILL and wish him all poss ible success in his 
new post. R. Scherm , coming from the PTB at Brunswick. 
succeeded P. A rmbruster on 1. 12.92. R. Scherm is we ll 
known at the ILL, where he took part in the development of 
three-axis spectrometer and time-of- fli ght in truments, and 
he knows the ILL well. P. Schofield and I are very happy to 
have him j oin us in the Directorate during thi s sensiti ve 
period of change. 

During the year the ILL was saddened by the deaths 
of three much appreciated and respected co lleagues: 

- Walter Mampe, a well -known sc ientist who wa for years 
a pillar of our fundamental phy ics sector, 

- George lche, a very active member of the ILL theory 
group, 

- Alain Schalk, a member of the Computing Department 
staff. 

We shall long remember their presence and the ir 
commitment in the service of the ILL. 

J. Charvolin 



BERICHT DES DIREKTORS 

Das w. ichtigste Ereigni des Jahres ~ar sicherlich die 
Sitzung des Lenkungsausschusses m Cadarache am 
2 1. M ai 1992. Diese Sitzung war fi.ir die Z ukunft 
des fLL entscheidend: 

- Es wurd e besc hl ossen, den Rea kto r gemaB dem 
Projektvorschlag des lnstituts wieder instand zu setzen. Die 
Wiederaufnahme des Betriebs ist fi.ir Mitte 1994 vorgesehen. 
Mit einem unverandert wiederaufgebauten Reaktor w ird ein 
problemloser Betrieb fi.ir etwa 20 Jahre - von diesem Datum 
gerechnet - erwartet. 

- Weiterhin wurde die Yereinbarung der 3 Regierungen und 
der Gesell schafter zur Kenntnis genommen, sich prinzipiell 
auf eine Yerl angerung des Yertrags zw ischen den 3 ILL­
Partnem fur eine Periode von mindestens 10 Jahre ab 1.1.94 
zu einigen und ein entsprechendes Protokoll zu verfassen, 
welches den j ewe ili gen Reg ierun gen zur Untersc hr ift 
vorgelegt werden soil. 

Die Be chlU e die er Sitzung bringen klar den Willen der 
Gesell chafter zum Ausdruck, das fLL in seiner Funktion als 
multinationales Forschungszentrum zu erhalten. Sie erl auben, 
anhand der D efiniti on des zukUn f ti ge n Betri ebs , die 
entsprec henden M a13n ahmen zur Yorbere it ung des 
Routinebetriebs nach dem Wiederanfahren des Reaktors zu 
treffen. 

Wiederinstandsetzung des Reaktors 

Das Projekt der Reaktorreparatur wurde unmittelbar nach 
der Sitzung des Lenkungsausschusses in A ngri ff genommen. 
Die e rasche Reakti on war durch die vo rau gegangene, 
inten ive Yorbereitung aller technischen und administrati ven 
Schritte moglich geworden. Das gesamte Proj ekt unterteilt 
i ch in drei A bschnitte: Di e Demontage des alt en 

Refl ektort anks und se ine Entfe rnun g aus dem 
Schwimmbecken, die A ufbereitung dieses Beckens fur den 
Einbau des neuen Tanks sowie Herstellung des neuen Tanks 
und dessen Montage im Becken. 

D er erste di e er A bsc hnitte w urde in der letz ten 
Novemberwoche zu Ende gefi.ihrt ; er wurde ausschlieBlich 
von der Reaktormann sc ha f t des ILL inn erh alb der 
Kostenabsch atzung und der vorgesehenen T ermine ohne 
Zwi chenfalle bewerkstelligt. Dies war ein auBerst wichtiger 
Moment fi.ir das ILL, das sich gegenwartig auf der Halfte der 
langen Strecke zwischen der Abschaltung des Reaktors im 
M arz 199 l und seiner Wiederinbetriebnahme gegen Mitte 
1994 befindet. Die Beendigung dieses ersten Abschnitts 
erlaubt es j etzt, sich energi sc h um di e M aBnahmen zur 
eigentlichen Wiederin tand etzung zu kUmmern, die von der 
Belegschaft wesentlich positiver empfunden werden. 

Der 2. Schritl , die Yorbereitung des Reaktorbeckens zum 
Einbau de neuen T ank s, hat bereits begonnen und wi rd 
ebenso von der ILL-Reaktormannschaft bewerkstelligt. Die 
er te Etappe de 3. A b chnitts, die Herstell ung des neuen 
Tank , ist bereits ziemlich fortgeschritten und ist einem auf 
gro l3e A I- L eg ierun gss truktu ren pez i ali sierten 
lndustrieunternehmen anvertraut worden. Die Abwickl ung 
wird durch das ILL Uberwacht , das hierbe i durch einen 
Jndustri earchitek ten unterstUtzt w ird. Der Yer lauf dieser 
ersten Etappe ist durchaus zufrieden te llend. 

D a im Fa ll e einer Uber 2 Jahre hin ausgehende n 
R eak t o r a b sc h a ltun g e in e G e n e hmi g un g zur 
Wi ederinbetri ebn ahm e er forderli ch i st , wurden d ie 
not we ndi gen admini strati ve n Schri tt e ei nge leitet. 
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Entsprechende techni sc he und admini strati ve D oss ier 
werden gegenwartig erstellt; die ersten werden demnachst den 
zu tandigen Behorden vorge legt werden. Dies ist eine auf 
d iese m Gebi et durchaus Ubli c he Prozedur ; si e l au f t 
reibungslos ab. 

Zurn AbschluB dieses K apitels mochte ich betonen, daB 
alle Kostenabschatzungen und Termine der technischen und 
administrati ven Schritte dank der K ompetenz, dem Einsatz 
und der K oordination der verschiedenen beteili gten ILL­
Teams eingehalten werden konnten. An den verschiedenen 
A kti onen waren nicht nur die Reaktorabte ilung beteiligt, 
sondern auch die Strahlenschutz- Abteilun g sow ie di e 
A bteilungen EDEX und DIM , die mit der Demontage und 
Entfernung der In trumente beauf tragt waren, um Zugang 
zum Reaktor zu schaffen. 

In trumentenprojekte 

Um die no t we nd i ge F in anzrese rve fUr d ie 
Wiederinstandsetzung des Reaktors sicherstellen zu konnen, 
wa r das ILL gezwunge n, i n den Jah re n 199 1-93 se in 

orm albudge t um 24 % zu ve rmin de rn . Diese KUrzung 
berUhrte alle Bereiche. im besonderen die Investitionen. Im 
vo rgegebenen Bu dge trahmen i st es un s unmog li ch , 
gleichzeitig die Fertigstellung der laufenden Projekte auf dem 
Gebiet der In trumente und M essmethoden voranzutreiben, 
die noti gen M aBnahmen zum Unterhalt der Gerate zu treffen, 
die UmrUstung der Rechnersysteme auf UNIX vorzunehmen 
und mi t der Yerwirkl ichung gewisser l nstrumentenproj ekte 
im Rahmen des M oderni sierungsprogramm zu beg innen. 
D eshalb haben w ir un s ent sc hl ossen, der Y ollend un g 
laufender A rbei ten den Yorzug zu geben. D ie lnangri ffnahme 
des M odern isierungsprogramms in seiner Ganze wird sich 
nicht verwirklichen lassen. Wir werden nur in be chranktem 
Umfang ein ige Projekte beginnen konnen; wir haben j edoch 
diesbezUglich noch keine endgUltige Entscheidung getroffen, 
da uns noch gewisse In form ati onen Ube r di e genaue 
Zusammensetzung des Budgets im Jahre 1993 fehlen. 

Die Lage des ILL erfordert es also, die Ent wicklung von 
Instrumenten. Geraten und M eBmethoden zu verlang amen. 
Gerade diese A kti vitaten j edoch stellten bisher Qualitat und 
Originalitat der w issenschaftli chen A rbe iten des lnstitut 
sicher. Sie waren auch Teil se iner A usst rahlung. Y on ihr 
lieBen sich andere Neutronenzentren bei ihrer Entwicklung 
in spiri eren. E ine Y erzoge run g dieser Aktivitaten k ann 
deshalb nur vorUbergehend se in und w ird nur gerecht fertigt 
<lurch die Dring lichkeit der Rea ktorin stand se tzun g im 
Rahmen eines beschrankt en Bud ge t . lhre voil e 
Wiederaufnahme nach dem Betriebsbeginn des Reaktors muB 
Priori tat haben. 

Richtlinien fi.ir die Ri.ickkehr zum Routinebetrieb 

A nl aB li ch der A nkUndi g un g des bri t i sc hen 
Gesellschafters, die zwischenstaatl iche Abmachung mit Ziel 
der Reduzieru ng seines Beitrag neu zu verhandeln. war das 
ILL sehr besorgt: man fUrchtete, daB d ies nachhaltig die 
Zusammenarbeit der 3 Lander am ILL beeintrachtigen wUrde. 
Diese ausgeg l ichene und fruchtbare Zusammenarbei t war 
Garan t fUr die Effiz ienz und den Er fo l g des ILL. Die 
Ta tsache, daB schliel31ich pr inz ip ie ll Ein igung Uber eine 
Yerlangerung der Abmachung erzielt worden ist, hat die e 
Besorgni sse zerstreut. Die Notwendigkei t jedoch, auf die 
gegenwartigen finanziellen Schw ierigkeiten, im b~sonderen 
des briti schen Partners, RUcksicht zu nehmen, zwmgen das 



B E RICHT DES 0JREKTORS 

ILL , den fUr 1994 vorgesehenen Routinebetrieb in ex trem 
ein geschranktem Budge trahmen zu pl anen . Unter 
BerUcksichtigung der zu erwartenden finanziellen Beitrage 
der dre i Mitgli eds l ander sow ie derjenigen, die von den 
gege n wa rti gen und zukUn f t igen w i ssenschaftli chen 
Mitgliedern erhofft werd en, konnte die Budgetkiirzung 
gegeniiber den vergangenen, norm alen Betrieb jahren 15% 
erreichen. 

Schon jetzt ist es deshalb erforderlich, da ILL auf die e 
neue Situation vorzubereiten und M aBnahmen zu treffen, die 
es ihm erl auben werden, Uber den utzerservice und die 
wi en chaftli che Ak t i v itat h i nau ei n m inim ales 
Ent w icklun g progr amm auf den Gebi eten der 
In trumentierung und der Neutronentechnik sicher zu stellen, 
w ie im vorausgegangenen Ab chnitt erwahnt. 

E in normaler Experimentierbetri eb mit mindestens 25 
programmierten Instrumenten Uber 5 Reaktorzyklen sollte mit 
dem vorgesehenen Budget vereinbar se in . Die Liste die er 25 
lnstrumente wurde auf der Bas is des ILL Benutzer-Treffens 
vom 17. 10. 199 1 zu ammengestellt, wobei Kr i terien wie 
Einzigart igkeit und K ompl ementaritat mi t lnstrum enten 
anderer europaischer Zentren, owie die Rat chlage der ILL 
Wissen chaftler beriicksichtigt wurden. Diese Li sle ist dem 
W issenschaft l ichen Rat am 16. 10. 1992 vorgelegt und von 
di esem gebilligt worden. (Die nicht mehr programmierten 
lnstrumente konnten von ogenannten Collaborating Re earch 
Groups (CRG ) aus den Mitglied landern im Rahmen eines 
mit dem ILL ausgearbeiteten Yertrags Ubemommen werden). 

D as ILL hat seine Struk turen und se inen Betrieb neu 
Uberdacht und einen neuen Organisation plan ausgearbeitet, 
der es ihm erl auben sollte, w irkungsvo ll mi t reduzierte r 
Belegschaft zu arbeiten. D ie prinzipiellen Strukturen dieser 
Umorgani sat ion sind vom L enkungsausschuB auf sei ner 
letzten H erb tsitzung in Grenoble am 26.11.1 992 gebill igt 
wo rden. Die Mindestbelegschaft um faBt 400 Personen. 
Die er Abbau auf 400 Personen erscheint gleichzeitig als das 
im zukUnft igen Budgetrahmen mogliche M aximum, mit dem 
Ziel das Anwachsen des Personalbudgets zu begrenzen und 
ein Investitionsbudget zu erhalten, we lche die Entwicklung 
erwUnschter Instmmente und Gerate erl aubt. In der Tat muBte 
da ILL ein neues G leichgewicht zw ischen Personal und 
Arbeitsmittel, beide mit dem neuen Budget vereinbar, finden. 

Dies war eine schwer zu treffende und schmerzhafte 
Entscheidung, da die PersonalkUrzungen das ILL zwingen, 
sich von mehreren Mitarbeitern zu trennen, die zu einer 
Entwicklung und seinem Erfolg in den 25 Jahren seit seiner 
GrUndung beigetragen haben. Tatsachlich ist ein groBer Teil 
der Per son alvermind erun g von 48 0 (vo r der 
Reaktorabschaltung) auf 400 Personen auf " natUrli che" 
Abgange zurUckzufiihren (Yertragsende bei Zeitvertragen, 
Pensionierung im Alter von 60 Jahren, freiwillige Abgange); 
die e be inhalt et aber auch d i e Y ersetzun g in den 
Y orruhe tand einer gew issen A nzahl von M itarbeitern im 
Rahmen einer " Convention d 'Allocation Speciales du Fond 
Nat ional de l 'Emplo i " (AS-FNE). Ei n entsp rec hender 
Y or sc hl ag i st dem L enkun gsaussc hu B auf sei ner 
Herbstsi tzung vo rge leg t worden und wurde im Pr inzi p 
gebil l igt. D ie Yer fahren we i e fii r die Umsetzung dieses 
Plan wi rd gegenwartig bei der Direction Dep. du Travai l de 
l 'Emploi (DDTE) gepriift. 

17 

SchluBfolgerung 

Wie bereits erwahnt sind nun alle Zweife l Uber die weitere 
Zusammenarbeit der dre i Mitgli edslander gegenstandslos 
geworden. Allerdings lasst eine A naly e der gegenwartigen 
Situation sowie der vermutlichen weiteren Entwicklung neue 
Sorgen aufkommen, wie am Lnsti tut wahrend seiner zweiten 
Lebenshalfte ein vemiinftiger Betrieb gesichert werden kann. 
Sicher werden wir das ILL wahrend der nachsten zwei Jahre 
akti v halten konnen, allerdings zu einem sehr hohen Preis: 
Yerlust mancher Kompetenzen und vorlaufige Zuriick tellung 
der technologischen und in trumentellen Entwicklungen. Die 
A usw irkungen der K ompetenzver lu te we rden bei der 
Wiederinbetriebnahme des Reaktors spUrbar werden, wenn 
die lnstrumente wieder aufgebaut werden mUssen. Ein guter 
Tei I des hierfiir notwendigen " Gedachtnis es" konnte namlich 
beim A u cheiden von Personal, trotz un erer Anstrengungen, 
eine optimale Organisation zu gewahrlei ten, verlorengehen. 
Wenn anderer eits das IL L nicht die Mittel fi nden ollte, 
wieder eine vemUnftiges, technologi ches und instrumentelles 
Entwicklungsprogramm anzufangen, wird es nicht wieder die 
notige Anziehungskraft erreichen, um da in den Ruhestand 
versetzte Personal durch j unge und qualifizierte Mitarbeiter 
zu ersetzen. In seinem zwei ten Leben abschnitt muB das ILL 
als multinationales Forschungszentrum weiterhin die Rolle 
spielen konnen, die es wahrend seiner ersten zwanzig Jahre 
innehatte, ja di ese soga r ausbauen, ind em es den 
gegenwarti gen wi ssenschaftli chen Mitgli edslandern mehr 
Platz einraumt. Diesen gilt unser Dank fiir ihre UnterstUtzung 
in diesem Jahr sowie fiir die Zukunft. Nachdem die Direktion 
die Wiederinstandsetzung des Reaktors eingeleitet hat, wird 
sie nichts unversucht !assen, dieses Ziel trotz schw ieri ger, 
allgemeiner Bedingungen zu verwirklichen. 

Der Stab der Direktion 

P. A rmbruster verlieB das IL L am 3 I. I 0. 1992 am Ende 
seiner A mtsze it , um an die GS! Darm tadt zuriickzukehren. 
Wir danken ihm fiir se ine Tatigkeit am ILL und wUnschen 
ihm groBen Erfolg bei se inen neuen A ufgaben. R. Scherm 
vo n der PTB-Braun sch we ig i st se it 1. 12. 1992 sei n 
N achfo lger. Er i st bereits am ILL bekannt, wo er an der 
Entwicklung von 3- A chsen- und Flu gze itspektrom etern 
beteiligt war und ist mit unserem lnstitut bestens vertraul. 
P. Schofield und ich sind daher ehr glUcklich, daB er sich 
wahrend dieser delikaten Obergang zeit zu uns in der Leitung 
des ILL gesellt. 

Da Jahr war vom Tod dreier sehr geschatzter 
und respektierter Mitarbeiter Uberschattet: 

- W. Mampe, renomierter Wissen chaftler, der j ahrelang 
einer der StUtzpfeiler der Gruppe " Grundlagenphy ik" bildete, 

- G. lche, ein sehr aktiver Mitarbeiter der Gruppe " Theorie" 

- A Schalk, M itarbei ter der ln formatikabteilung. 

Wir werden sie und ihr Engagement fUr da ILL 
in be onderer Erinnerung behalten. 

J. Charvol in 



ILL/ESRF 

Collaboration with ESRF 

During 1992 there were a number of important 
developments bringing about closer relations with our 
neighbours, the European Synchrotron Radiation Facility 
(ESRF). We now share a single common site, formally 
inaugurated by the two Directors on 4 May by the unlocking 
of the gate in the fence dividing it; the fence has now been 
removed. There is now a single site entrance with a new 
guardhouse to deal with the increa ed traffic; a computerised 
entry system for visitors is being introduced. A Joint 
Building was opened during the summer. It now houses the 
Joint Library, the theoreticians of both institutes and a 
re taurant and cafeteria. The latter is developing into a 
common meeting place for staff of both institutes. The old 
ILL cafeteria building in the ILL TON is currently being 
converted to accommodate the Common Medical Service. 
Plans to share laboratory facilitie for chemistry and biology 
are going ahead. 

At the scientific level there are many contact with 
ESRF, both formal , through part or full-time attachment of 
ILL staff to ESRF, and informal. A number of joint 
ILL/ESRF workshops have been held including one on 
' Determination of Partial Structure Factor in Di ordered 
Materials' and more are planned for 1993. The two in titutes 
from time to time together invite guest speaker for joint 
lectures. 

COOPERATION 
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During the reactor shutdown the ESRF has benefited 
from many of the technical services of the ILL, and technical 
staff released have been seconded to ESRF to help with their 
beam-line commissioning programme. A jointly ponsored 
project to demonstrate instrument control and data 
acquisition under Unix has been successfully completed. 

Both ILL and ESRF managements continue to take an 
interest in the provision of international schooling in 
Grenoble and have maintained contact with the local 
education authorities on the contract of foreign teacher and 
the improvements of conditions in the International Section 
of the schools. 

Our best wishes go with R. Haensel, the retiring 
Director-General of ESRF, and we welcome hi successor, 
Y. Petroff. 

P. Schofield 
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COLLEGE 2 

Theory 

Member of the College 

S. Brazovskii 
B. Clement 
B. Fourcade 
G. lche 
E. Krot check 
A . Levanyuk 
C. Mi bah 
P. Nozieres 

Introduction 

J. Palmeri 
Y. Saito 
A. Schofield 
N. Schopohl 
A . Val ance 
J. Voit 
M. Walker 
J. Wheatley 

In 1992, the Theory Coll ege worked on condensed 
matter physics. 

The life of the College was considerabl y affected by the 
reactor refurbi shment programme and it s concomitant 
budget restrictions implying the freeze of several posts and, 
more specifically, the (temporary ) discontinuation of its 
activitie in nuclear and fundamental physics. Another event 
greatl y influencing its activities was the move to the Joint 
(ILL-ESRF) Building and it (geographica l) merger with the 
new ESRF th eory group - both throu gh all kind s o f 
inconvenience associated with the move as well as through 
the excitement cau ed by the close contact with the young 
ESRF team. 

The re earch in condensed matter phy ic was mainly in 
two major subfields: theory o f correlated fermi ons and 
related quantum liquids, often in low dimensions, and 
model relevant for cry tal growth and so ft condensed 
matter (membranes. ves icles, etc.). 

S. Brazovskii pur ued wo rk on the th eory o f low ­
dimensional electronic crystals. A descripti on of dislocation 
array ( oliton latt ices) in the vicinity of an interface of a 
charge/spin den ity wave sy tern or a conducting polymer 
and a metal ha provided a detailed under landing of both 
stati c and kinetic phenomena. Yariou aspect have been 
studied in collaboration with N. Kirova and S. M atveenko 
(theory) and R. Currat and P. M onceau (experiments). 

B. Clements, in coll aboration with E. Krotscheck and 
H. Lauter, has been using microscopic theories to study the 
growth of liquid 4tte films on weakly attractive substrates. 
Their work provides a detailed growth cenari o: they have 
found that close to the substrate the helium film grow by 
formation of well defined l iquid layers. Above a minimum 
stable coverage a liquid monolayer uni forml y covers the 
surface. lncrea ing the coverage forces the liquid into a 
compressed state, and the population of a second liquid layer 
becomes energetica lly favourable. This layer begins to grow 
by the fo rm ati on of two dimen ional li quid "c lusters". 
Above a certain coverage, the second layer moves out of 
vacuum/du ter coexistence, and the ystem regain the full 
planar symmetry. The scenario is repeated for a third liquid 
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layer as well. Clements i presently extending the theory to 
include finite-temperature effects. Al o in collaboration w ith 
E. K rotscheck and H . Lauter . he is acti vely developing a 
theory of excitations which can be applied to quantum-film 
ystem . This work will provide theoretical interpretation of 

the remarkably rich and complicated neutron scattering data 
for helium on graphite, which was obtained at the ILL by 
H. Lauter and collaborator . 

B. Fourcade continued work on the hape of lipid 
ve icles. He wa able to work out prec ise conditions under 
which ves icle hapes whose energy is an ab olute minimum 
can be observed in partially pol ymerized membranes. The e 
predictions were successfully verified in a collaboration with 
M. Mutz and D. Bensimon from Pari s. He also succeeded in 
establishing, through numerical simulation, a phase diagram 
for very high genus surfaces, and can predict topology as a 
function of surface tension and osmotic pre sure in thi limit. 

G. Iche returned to the theory college after a ten year 
career as a computer sc ientist. (He had worked out his thesis 
on brownian motion at the ILL earlier). His project was the 
es tabli shment of an interface betw een theori sts and 
experimentali sts both through numeri ca l simul ations and 
through improvement of existing and development of novel 
method of data analys is. Clear structure of this proj ect had 
emerged within a couple of months when lche was struck by 
illnes and died in Jul y. In the long term a successor w ill 
have to be found for th is important acti vity. 

E. Krotscheck ha studied. in c lo e contact w ith the 
experimentalists at the ILL, in particular with H. Lauter, the 
growth and excitation mechani ms of adsorbed helium film . 
T wo new insights originated from this research: ( I ) They 
found that the growth of a quantum liquid film on a ubstra te 
can occur in a number o f steps whi ch are indi v idu all y 
separated by phase tra nsi t ions between uniform ·urface 
coverages, and the formation of two dimensional "droplet ". 
(2) The pha e transi tions are accompanied by the softening 
o f th e r i ppl on exci tati on at l ong and interm edia te 
wavelength . This " oftening'' has the con equence that the 
)owe t l y ing coll ec ti ve exc itati on deve lops " abnorm al" 
di sper ·ion and can decay. It i s predi cted that the phase 
tran ition should be accompanied by a finite lifetime of the 
ripplon. 

C. Misbah 's research covered various problem pertinent 
to crystal growth. He worked out a theory of parity breaking 
in eutec tic lamellar growth and was able to include kinetic 
effects. crystalline anisotropy and di ffusion layers. He also 
studied the dynamics of a step growing from a vapour phase 
by usin g a Kuramoto-Si vashinsky type of equati on and 
could include step-step interac tions. Th e latter . trongly 
affect the step dynamics . He co ll aborated at various times 
with R. Kassner. D. Temkin and A. Valance. 

A . L evany uk in ves ti ga ted in co ll aborati on w ith 
J. L aj ze rowicz fluctu ati on-induced interac ti on · between 
domain wa ll s. Thi s probl em i o f importance for th e 
under landing o f commen urate- incommensura te ph ase 



COLLEGE 2 

transitions as may occur in the charge density wave systems 
studied in other ILL colleges. He initiated a coll abora tion 
w ith M . V all ade on flu c tu ati on- indu ce d fir st ord er 
transitions in solid . More specifica lly, they are aiming at 
understanding the phase diagram of quartz. 

P. Nozieres invested much of his energy into his College 
de France lec tures on '·Anomalous behav iour of one­
dim ensional Fermi liquids" . H e emph a i zed both 
perturbative approaches based on bosoni zati on of a fi eld 
theory and exact results for lattice models obtained from 
B ethe' An sa tz. Hi s ca re about detail s o f th e Beth e 
wavefunction generated new spinoffs for the Hubbard 
model : th e recogniti on that the ground state energy is 
nonanalyti c in interacti on strength and magneti zation, and 
th at the deconfinement o f spin ons and hol ons i s 
asymptoti ca ll y limited to the vicinity of the Fenni su1face. 
His research interests were centred both on the physics of 
crys tal grow th and interfaces , and on anomalous Fermi 
liquids. In the first fi eld , he clarifi ed some properti es of 
crystal I ine steps important fo r an understanding of the 
Grinfe ld in stabilit y. Fro m a fo urth ord er amplitude 
expansion he could show that the primary bifurcati on is 
undercriti cal. The saturation mechanism remains, however, 
to be understood. The Grinfeld instability could perhaps 
explain the island fom1ation observed in epitax ial layers. 

P. Nozieres was further interes ted in the probl em of 
l oca li zati on in a gas o f heavy parti c le co upled to a 
thermostat of light ones. Together with Yam1a, Giamarchi , 
and Ruckenstein , he tudi ed in detail a related th ough 
simpler model of a resonant impurity hybridi zed with the 
conduc ti on elec tron gas which includes an on-site s-d 
interaction. They find an interesting power-law dependence 
of the resonance width on temperature which can lead either 
to Fermi liquid or to novel exotic behaviour, depending on 
the exponent. 

J. Palmeri considered apparentl y unrelated - through 
structurall y similar - problem governed by retarded or 
nonlocal effective actions. [n collaboration with E. Guitter 
from Sac lay, he developed a general method fo r uch 
problems and appli ed it to th e tati sti ca l properti es of 
tethered or polymeri zed membranes. Such membranes with 
long range interactions can undergo a crumpling transition 
between a flat and a swollen phase. They worked out a pha e 
diagram for se lf-avoiding mani fo lds which could help to 
understand numerical results implying the stability of the flat 
phase of a 2d membrane in three dimensions. 

A dual problem, governed by long-range attractions, is 
posed by a tes t parti c le coupled to a bosonic bath , the 
generali zed polaron problem. Palmeri was able to show that 
the genera li zed polaron ex hi bits, in spec i fic parameter 
ranges, a locali zation transit ion (dual to crumpling). Both 
aspects taken together suggest a wide range of applicability 
for his method in quantum stati stical mechanics. 
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Y . Saito co ll abo rated w ith C. Mi sbah on th e 
morphologica l stability of steps in cry tal growth under 

molecular beam epitaxy. They were able to identify regimes 
w ith stable and unstable step morphology . From Monte 
C arl o simul ation s in th e un stabl e limit , Saito co uld 
demonstrate chaotic spatio-temporal behav iour, and the step 

front then exhibits fractal structure. The effect of hot noi se 
near the instability point is currentl y being investigated. 

A. Schofi eld worked on the Hall effect in the gauge 
model fo r high-T c uperconductors. The elec trons are 
represented here by ( fermionic) spinons and (bosoni c) 
holons, and a central i ss ue is the combination laws of 

phys ical properties out of spinon and holon responses. In a 
second stage one has to inquire how these responses are 
affected by the gauge field representing the constra int of 
exc luded double occupancies . T ogether with Wheatley, 
Schofield elaborated the combination law for the Hal l 

conductivity by deriving a consistent action to third order in 
the applied fi eld. Interes tingly , they obtain temperature­

independent Hall constants at low doping while near doping 
levels with charge conjugation symmetry, the Hall constant 
sca les as the in ve rse temperature - not unlike certain 

experiments in the high-Tc cuprates. 

N. Schopohl worked on superfluid s and the K ondo 

problem. He pursued a collaboration with D. Waxman and 
G.E. Volovik on the motion of an interface between the 
superfluid A and B ph ases in 3He. In th e problem 

considered, the interface expands with uniform velocity into 
the undercooled A -pha e. They obtained an es entially exact 
so lution of the Gorkov equations for the fe rmions which 
scatter off the moving interface. Their distribution function 
has an essential singularity at zero velocity and translates 

rigidly only with a slowl y mov ing interface. The poss ibility 
fo r ex perim ental observation i s currently under 
investigation. 

He further collaborated with the group of R. Tournier 
(CRTBT-CNRS) on transport and magnetic properties of 

high-Tc superconductors. They indicated the possibility of 
intrinsic surface superconducti v ity along normal layers 

inside the samples. 

Together with D . Forster , Schopohl deve loped an 
auxiliary fermi on approach for th e probl em of several 
K ondo impurities interac ting w ith a band of intinerant 
elec tron s. Th ey come up with an effec tiv e ac tion for 
fermion hopping along a semi-infinite chain which allows 

them to study a variety of interesting physical properties. 

A. Valance continued work on interface instabilities in 

crystal and epitax ial grow th. Together with C. Misbah he 
inves tigated both analyti ca lly and through simulation, the 
transition to chaos in directional so lidification, the nonlinear 
evolution of a crystal step and questions related to eutectic 
lamellar growth. 
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The research activities of J. Voit have been centred 
around the consequences of charge-spin separation in one­
dimensionaJ fermion systems and specifically the spectral 
properties of Luttinger liquids. The Luttinger model is a 
paradigmatic theory for real quasi- ID metals and learned 
speculations seem to indicate its importance for high-Tc 
superconductors. It has been found that charge-spin 
separation and power law correlation dramaticaJly modify 
the one-electron spectral function compared to the familiar 
Fermi liquid. Specifically there are power-law divergences 
at frequencies related to the charge and spin velocities if the 
interactions are weak. In a collaboration with 
experimentalists in Neuchatel (Malterre, Baer) on 
photoemission spectoscopy of organic superconductors it 
emerged that the Luttinger liquid provides a consistent 
description of the spectra if, and only if, the interactions are 
assumed strong and of long range. Furthermore, Voit 
initiated a collaboration with J. Wheatley on the behaviour 
of two coupled Luttinger chains. 

In another project, he studied the influence of electron­
electron interactions in a simple model describing the 
polymer polyaniline. This model discusses in detail the 
influence of ring-torsional degrees of freedom on the 
physical properties. For a weak Hubbard interaction they 
found an enhancement of dimerization, similar to but 
stronger than in the prototypical polyacetylene. As a 
consequence of a (successfully identified) secondary order 
parameter, new unexpected behaviour and a very rich phase 
diagram is found in the Spin-Peierls limit U ➔ oo: the 
dimerized ground state can break down both with respect to 
an ideal paramagnet or Heisenberg antiferromagnet, and 
within the Peierls phase various crossovers occur because 
the periodicity of the ring torsions effectively quenches a 
self-consistency condition . These results obtained in 
collaboration with D. Baranowski from Bayreuth, are used 
as input for a more general study examining under what 
conditions Peierls' theorem holds. 

M. Walker has continued work on competing­
interactions types of models appropriate for the study of 
structural phase transitions. Symmetry arguments are used to 
derive appropriate layer variables in terms of which to 
formulate the problem, and multiple phase transitions in 
BCCD (betaine calcium chloride dihydrate) are being 
studied in detail (in collaboration with Cornelia Kappler). 
Also, together with Bill Buyers, efforts are being made to 
better understand the ordering which occurs below 17 .5K in 
the heavy-fermion superconductor URu2Si2. A variety of 
different possible types of order (each based on the ordering 
of a particular type of uranium ion multipole moment) have 
been described, and the characteristics of the neutron 
scattering which would identify each of the possible types of 
order have been determined. 

J. Wheatley was investigating transport properties of 
strongly correlated electron systems with emphasis on the 
normal state of the high-Tc materials. In the lightly doped 
regime, the transport problem is best viewed as scattering 
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of charge (holons) from spin fluctuations. Together with 
B. Douyot from CRTBT-CNRS, he investigated charge 
scattering from chiral spin fluctuations. If the chiral 
symmetry is unbroken, the holon scattering is equivalent to 
that from a random flux . This mechanism will add to any 
other source of current relaxation present. Wheatley and 
Douyot find that its contribution to the resistivity will scaJe 
linearly with temperature below a crossover scaJe and then 
saturate. The crossover scale is eventually observable in 
La2-xSr xCu04 if their mechanism is important. 

Wheatley aJso collaborated with A. Schofield in a project 
on the Hall effect of doped Mott insulators, described m 
more detail in Schofield's entry. 

Secretary: J. Vo'it 
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In spite of the lack of neutrons due to the reactor 
shutdown College III has been able to maintain a high level 
of scientific activities. 

At the beginning of the year no in trument of College III 
was running but at the end of the year everal experiments 
have been tarted: the BILL magnet wa being used for an 
experiment at the PN7 si te. The detector sys tem of the 
LOHENGRIN spectrometer was used for measurements of 
the nuclear charge distribution in spontaneous fission of 
248cm. The special instrument SS 1-lNAA was running 
during most of the year examining rock samples irradiated at 
SlLOE(CENG). All the main instrument of College 3 were 
undergoing major upgrades or being refurbished. 

23 

Changes have occurred thi s year in the scheduled 
instruments used by the College. The PN2 electron 
spectrometer facility of level D was dismantled thus 
terminating a productive 18 year period of operation. Those 
instruments devoted mainly to fundamental physics will be 
called PF for physique fondamentale. The PN7 cold 
polarised beam facility has been renamed PFI and the Ultra­
cold neutron facility on level D has become a scheduled 
instrument called PF2. 

The LOHENGRIN spectrometer PN I was equipped with 
a new detection ystem and an energy - focussing magnet. 
Both parts are now installed and tested. 

Studies have continued on the extraction of fission product 
nuclei for transport to the neighbouring accelerator SARA 
where they would be used for exotic beam experiments. 

The BILL electron spectrometer from the former PN2 
was installed in a modified version with a new source 
chamber and partly new electronics at the PFI area. An 
experiment to search for a heavy mass neutrino in the beta 
decay of I 77Lu is in progress. 

The GAMS spectrometer GAMS2/3 was upgraded with a 
new interferometer and a vibration suppression system; the 
te t interferometer GAMST ha been de igned and should be 
assembled in the first part of I 993. 

During the year, two of the College 3 staff left the 
institute: A.P. Williams joined the ESRF to construct a three 
axis spectrometer in a two-year period, and S. Ulbig went to 
Darmstadt as editor at Physikalische Blatter. 

A " Workshop on Applications of High Resolution 
Gamma spectroscopy in Studies of Atomic Collisions and 
Nuclear Lifetimes" was held at the ILL from 5-7. Oct. I 992. 
This workshop dealt with current and future applications of 
the GRID method. 

The College was saddened by the decease of W. Mampe 
who was a vigorous and creative member of the ILL from it 
beginning. A symposium in memoriam to his wide pread 
contributions to nuclear and fundamental physics will take 
place at the ILL on 29th January, 1993. 

Scientific Highlights in 1992 
At Lohengrin (PNl) 

Installation of the new Focussing Magnet 

The project for the installation of the focussing magnet 
on the LOHENGRIN spectrometer continued in 1992. A 
reported in the technical section the ion optical performance 
of the new focu sing magnet wa measured and found to be 
in agreement with the calculations [I]. Furthermore, the 
detector system of the LOHENGRIN spectrometer was used 
for measurements of the nuclear charge di tribution in 
spontaneous fission of 248cm. 
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For a new detection system, R & D work had to be 
performed to design and test an ionization chamber which, 
besides ensuring the appropriate measurement of the nuclear 
charge distribution of fission products, has also to measure 
the angle of the incoming particles with respect to the 
spectrometer axis. The latter task was achieved by the 
measurement of the time delay of the electronic signals on 
the DE and ER part of the anodes. An angular resolution of 
± 1.5 degrees was obtained using a-particles from a 24 I Am 
source [2) (see the Instrument Development section). 

Calculation of Ionic Charge Distribution 
of Fission Products 

The measurements on the Lohengrin spectrometer before 
the reactor shutdown, revealed, for the very asymmetric part 
of nuclear fission, considerable structure on the ionic charge 
distribution of ions leaving the target with velocities around 
I cm/ns. Fig. I shows an example, demonstrating the effect 
of strong influence of electronic shells of the highly ionized 
atom [3]. In the measurement shown, the Neon shell (I 0 
electrons bound to the nucleus) stabilizes the abundance of 
charge state fractions. Cases requiring the removal of 
electrons from the L shell are strongly suppressed. In order 
to better understand this behaviour we performed 
calculations on the basis of a simple prescription which 
models the equilibrium ionic charge distribution of a highly 
ionized atom. The input in the calculation is threefold. In a 
first step, we performed Hartree-Fock calculations to 
establish the binding energies of the bound electrons and the 
energies of excited states of the ion in a given ionization 
state q. This calculation ensures that the shell structure in the 
following deduction of F(q) is correctly taken into account. 
The calculations are carried out for all ionization states of 
the ion, from q= 1 + to q=Z. The second step consists of the 
modelling of the probability of occupation of the electronic 
shells for a given velocity of the ion . For this purpose we 
apply a 2 parameter formula which assumes the occupation 
probability to have the shape of a Fermi distribution. 
The occupation probability of an electronic level is given by 

where Vi is the velocity of the electron in orbit i, which is 
derived form the calculated binding energy and vo is a 
function of the ion velocity. The parameter t,. finally 
determines the smearing out of the distribution which 
ensures the proper variance for the charge state di stribution 
and governs the weakening of the shell structure effects. 
From the given atomic model we calculate the charge state 
fraction F(q) by summing over all possib.le combinations 
where a total of q electrons is missing in the electronic shells 
of the ion. The result of our calculation reproduces the 
measured distributions of F(q) using the same parameter set 
for different elements (an example is shown in Fig. 2). 
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Fig. I: Data of the ionic charge state fraction for copper, zinc, 
gallium and selenium, as measured in 239Pu(n,f). 
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Fig. 2: Calculation of the charge state fractions F(q) 
for selenium 84 and comparison with experiment. 
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The very Asymmetric Fission of 2S0cr 

Based on our experiment on the very asymmetric fission 
of 250cf following thermal neutron capture, the work on the 
LOHENGRIN data interpretation was continued. This far 
a ymmetric region of fission activity how trong structure 
in the fi ion fragment yield which have their origin in large 
proton and neutron odd-even effects [4] . It turned out that, 
correlating the data on the yield with the available Q-value 
of the reactions leads to an almost straight line, shown in 
Fig. 3. Here, all the data available for the asymmetric part 
are collected together, stretching over almost 6 orders of 
magnitude. A similar behaviour hold for the data set of 
236u for the same mass region. The correlation proves that, 
in these ea es, the yield of a given isotope can be calculated 
with the 2 parameter formula 

Y(Q) = eaQ+b 

The yield depends therefore only on the available 
Q-value, with no further dependence on the structure of 
nuclei involved or on the dynamics of the process. This is 
the fir t time that a clear correlation between Q-values and 
yield is establi hed in nuclear fission. The correlation shows 
that for the fission region ob erved, proton and neutron odd­
even effects are almost entirely explained by the respective 
gain in Q-value due to pairing. However, it does not mean 
that pairs will remain unbroken in the nuclear fis ion 
proce s. On the contrary, the correlation demonstrates that 
sufficient pair breaking has to take place to ensure also a 
proper yield of the unpaired fission products. The correlation 
observed demonstrates further that nuclear charge 
equilibration in this mass region is solely a consequence of 
the Q-value. 

It turns out that the scatter of the data points in Fig. 3 is 
not correlated with specific fragments, and thus can not be 
accounted for by nucleon pairing or by nuclear tructure 
effects. It appears, therefore, to be probably a sociated with 
the structure of wave functions involved, connecting the 
initial and final states of the compound nucleus and the 
fission product, respectively. 

It should be mentioned that, especially for the data set of 
236u [5], we cannot exclude a curvature which would lead 
to a description of the data of the form 

which , trikingly enough, prescribes the same 
dependence as the Geiger Nuttal rule for a-particle decay. 

The established correlation allows the calculation of 
fi sion yield for a given isotope, if the Q-value for the mas 
split is known or can be estimated. Thus, for the production 
of the doubly magic nucleus 78Ni in 249Cf(n,f) we estimate 
from calculated Q-values a yield of I .4x I o-9 with an error of 
about a factor of 3. 

25 

yield% 

10-0 

10"1 

10·2 

10·3 

lo""' 

10•5 

10-6 

170 175 

"[.datenj cf2502 .dat" 
"[.daten cf250l .dat" 

180 185 190 195 200 205 
Q-value [MeV] 

Fig. 3: Correlation plot of the log yield against the Q-value 
f or the reaction 249cJ(nth,fl - The straight line is a fit to the data. 

uclear Charge Determination in Spontaneous Fission 
of248cm 

A classical domain of study on nuclear fission at the ILL i 
the determination of nuclear charge distribution in the 
proces . During the last few year proton odd-even effect in 
charge distributions have been established in 230Th, 
234,236u, 240Pu, and 250cf using thermal neutron induced 
fission at the LOHE GRI spectrometer . ln these 
mea urements a correlation between the fissility parameter 
and the magnitude of the proton odd-even effect was 
established. From earlier mass distribution measurements in 
spontaneous fission decay evidence was however found that 
this correlation should undergo a breakdown for fission of 
the Cm-isotope [6] . 

ln order to verify this evidence it was decided to measure 
pontaneous fission of 248cm with the techniques u ed so 

far at the fLL for neutron induced reactions. For this purpose 
the ionization chamber from the Lohengrin spectrometer was 
modified to reject a-particles, which con titute the 
overwhelming background, by insertion of a third anode. 
This anode allows, via the strongly different ranges of 
fission fragments and a-particles, a discrimination and a 
strong inhibition for the a pile up. In a first run, 
coincidences between fission products and X-ray production 
have been measured which should allow for the calibration 
of the nuclear charge measurements. The coincident fis ion 
X-ray pectrum is shown in Fig. 4. The nuclear charge 
measurement proper have just started . Fig. 5 hows the 
calculated nuclear charge separation which can be expected 
applying our experimental method. It demonstrates that, if a 
considerable proton odd-even effect were to exist, we should 
be able to detect it. The difficulties of the measurement lie in 
the low fission countrate, the high a-background and the fact 
that we operate at the limit of the nuclear charge resolving 
power of our ionization chamber. 
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AtPN3 
GRID measurements 

The GRID technique involves the measurement of the 
Doppler broadening of y-rays emitted when a nucleus decays 
in-flight following recoil induced by the emission of prior 
y-rays. To measure the very slight broadening requires the 
ultra-high resolution two-axis flat crystal ILL spectrometer 
GAMS4, which can measure y-rays in the MeV region with 
a FWHM dE/E of "' 2ppm. The observed Doppler profile 
depends on the lifetime of the decaying state, the recoil 
velocity distribution which is determined by the feeding 
paths to a given level, and the slowing down in the target. 

114Cd 

The nucleus I 14cd has long been of pivotal importance 
in the study of vibrational excitations of spherical nuclei and 
of the coexistence and mixing of vibrational and intruder 
levels. The experimental underpinnings for this are some 
low lying states reminiscent of a near-harmonic vibrator, 
amidst others that cannot be easily understood. For example, 
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in the 2-phonon vibrational triplet region, near 1200 keV, a 
compact quintuplet of states contains extra o+ and 2+ states. 
While these states are often described as 2p-2h proton 
intruder excitations (leading to 2p-4h proton states) which 
mix thoroughly with the vibrational states, other 
interpretations have involved mixed symmetry modes and 
3-phonon structures in a highly anharmonic vibrator. 

The unique capabilities of the GRID technique have been 
exploited to measure lifetimes in l 14Cd (Brookhaven, 
Worcester, Notre Dame, ILL collaboration), shedding light 
on whether multi-phonon states can exist or if they are 
fragmented by Pauli effects and mixing: lifetime 
measurement of levels near 2 MeV in 114cd gave 
quantitative evidence for collective 3-phonon vibrational 
states [7]. 

148-152sm 

The transition from spherical to quadrupole prolate 
shapes in the Sm isotopic chain, that occurs near N=88,90, 
has attracted much attention both from experimental and 
theoretical investigators. Absolute transition rates, in 
particular of El transitions from the decay of low-lying 
negative parity states, are sensitive quantities which show a 
dramatic change in the nuclear structure across the transition 
region and are therefore a decisive test for the reliability of 
different models. In particular the Interacting Boson Model 
(IBM) was proved to be a versatile model , capable of 
explaining this transitional region simply. The E 1 absolute 
transition rates and branching ratios were successfully 
explained in the framework of the sdf-IBM by introducing 
additional two-body terms in the operator. To date, the 
comparison between model predictions and experiment was 
restricted to branching ratios and B(EI; 1- ➔ o+), due to the 
lack of empirical absolute transition rates for the decay of 
3- states. The purpose of the inve tigation was therefore to 
observe lifetime values of the 3- and 1- levels in 
148 , 150 ,152sm employing the GRID technique. The 
experiments were done using the same sample of natural 
Sm2O3 for all isotopes. Thi was convenient since the 
isotopic composition of natural Sm allowed for the 
simultaneous investigation of the three different isotopes: 
whereas 148, I S0sm was produced via the classical (n,y) 
reaction , 152sm was obtained via successive neutron 
captures starting from I S0sm ( I S0sm is unstable but has a 
large capture cross section of 15000 b). 

The B(El ;3 -➔2+) transition rates obtained were 
compared with the corresponding B(E l;L-➔0+) values and 
interpreted in the framework of the IBA-sdf model. It was 
found that, whereas the qualitative behaviour of these 
absolute transition rates can already be described 
considering only the one-body part in the E 1 transition 
operator, a more complex form including two-body terms 
has to be employed to explain simultaneously all available 
experimental data (e.g. branching ratios). 
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Interpretation of GRID profiles 

First principles Molecular Dynamic (MD) simulations 
were employed to describe GRID profiles (Helsinki-ILL 
collaboration). This technique is a new technique in the 
analysis of GRID lifetimes and demonstrates the interplay 
between the nuclear physics and solid state physics 
necessary for reliable results. Compared to the lifetime 
values obtained with the mean free path approach (MFPA) 
used in the previous analysis of GRID data, one obtains an 
overall reduction of ==30% in lifetime values for the cases 
studied e.g. GRID profiles from transitions in 36c1, 49n, 
54cr, 57Fe, 59Ni and 61 Ni. The difference is mainly due to 
the velocity distribution (MD, see Fig. 6) and mean velocity 
(MFP A) description of the slowing down. 

At the Cold Polarized Neutron Beam Facility 
PF1(PN7) 

BILL at PFl - Search for a 17 keV heavy neutrino 

At the beginning of the repair of the reactor, the second 
magnet of the high resolution electron spectrometer BILL 
spectrometer was removed from the reactor platform and 
reinstalled at the end of the neutron guide PFI. New 
applications of the spectrometer are possible in this position. 
A special feature will be the feasibility of coincidence 
experiments in combination with the neutron guide facility. 

In 1985 J .Simpson observed an anomaly in the 
~-spectrum of 3H. He explained this anomaly with the 
admixture of a heavy neutrino with a mass of 17 ke V /c2 to 
the electron. Since then a controversial debate about the 
existence of this heavy neutrino has been going on. 

The great interest in finding neutrino masses is 
stimulated by the desire to identify short-comings of the 
standard model of the electroweak interaction as a first step 
towards a new more unifying theory. A neutrino with a mass 
of 17 keV is not reconcilable within the standard model of 
the electroweak interaction and the standard model 
of cosmology. Recently, strong efforts went into developing 
models beyond the standard model which try to include a 
17 keV neutrino in a consistent way. Simpson's first 
observation of a 17 ke V neutrino, which emerged as a kink 
in the shape of the ~-spectrum of 3H, was questioned by 
other experimental groups. They did not observe any 
comparable kink-like destortion in their spectra. In 1991 A. 
Hime published new data of the b-spectra of 35s and 63Ni, 
which he claimed supported strongly the existence of the 
17 keV neutrino with an admixture of sin20==0.008. Owing 
to the high significance of his results, it was considered as 
the strongest indication of a 17 ke V neutrino. A few other 
positive findings of the 17 ke V neutrino were reported but 
with less significance. 

At the same time no evidence for a 17 ke V neutrino was 
observed in a first l 77Lu experiment with the BILL 
spectrometer at the ILL. Due to background uncertainties in 
the inpile configuration, the sensitivity of this experiment 
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Fig. 6: Velocity distributionf(v,t) of 59Ni atoms recoiling in 
crystalline nickel. The initial recoil velocity V max was 3.3xlo4 mls. 

was not high enough to exclude the 17 keV hypothesis with 
sufficient high confidence [8]. An important point seemed to 
be that the positive findings only occurred with solid state 
spectrometers, while none of the magnetic spectrometer 
experiments could confirm them. Countering the negative 
results it was argued that the sensitivity to small admixtures 
of a heavy neutrino is limited by systematic uncertainties 
with instrumental shape corrections. On the other hand, 
since the response of a solid state detection system to 
monoenergetic electrons yield a strongly asymmetric pulse 
height distribution, a kink in these solid state detector 
experiments is only visible after the spectrum is 
deconvoluted with this response function. Very recently 
Hime explored the question of whether electron scattering 
effects could feign a heavy neutrino emission in the 
experiments using silicon detectors. For the reanalysis of the 
Oxford 35s and 63Ni data he used a simulated electron 
response function. No shape distortion was visible any more. 
With this reanalysis the strongest argument 'pro the 
17 keV neutrino' disappeared. For a final resolution of the 
17 keV problem an important step will be the lutetium 
experiment now running at the modified BILL spectrometer. 

A first experiment in the new position has already been 
carried out using an external neutron activated I 76Lu 
Target. It aims at an improved search for an hypothetical 
17 keV neutrino . The advantage of using an external 
Lutetium source is the reduction of the background 
compared to the inpile target position of the first Lutetium 
experiment. The high energy of the investigated electrons 
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(the kink hould appear at about 480 keY in the P-spectrum 
of I 77Lu) make energy dependent instrumental efficiency 
correction negligible. The energy resolution of the BILL 
pectrometer is about 300 eY at 500 keY. This has to be 

compared with 1000 eY at 150 keY of Si(Li) detectors used 
in the experiment of Hime. Consequently a 17 keY neutrino 
with an admjxture of sin20:0.008 to the electron neutrino 
hould already emerge in the raw data of the Lutetium BILL 

experiment. 

The removal and modification of the BILL spectrometer 
were uces ful. Two l 76Lu targets were neutron activated at 
the SlLOE (CENG) and have been mea ured so far detecting 
about 106 counts/keY in the energy range around 480 keY. 
To demonstrate the spectrometer's sensitivity to small shape 
distortions , we scanned the energy range around the 
beginning of the second P-branch, which ends 113 ke V 
below the endpoint of the main branch (Fig. 7). Even though 
the econd P-branch has a different hape in comparison to a 
branch originated by a heavy neutrino, the magnitude of 
deviation i comparable to a heavy neutrino branch with an 
admixture of 1 %. 

In Fig. 8 the spectra i hown from 390 keY upto the 
endpoint in the Kurie representation. o curvature of the 
slope i visible, so no shape corrections have to be applied. 
In the data analysis which is now under progress neutrino 
masses up to I 00 keY with an admixture of a few per mill 
will be te ted and a final elucidation of' 17 keY Conundrum' 
seems to be feasible. 

eutron Decay Experiments at PFl 

Within the framework of the Standard Model (SM) in its 
"allowed low energy approximation" the dynamics of the 
neutron weak interaction is completely determined by the 
two "weak" coupling constants gA and gy. The neutron 
lifetime and angular correlation coefficients are functions of 
the e con tants. Recent experimental results give a hint that 
this simple picture might not be quite correct. Although the 
evidence for a deviation from the Standard Model i not very 
firm there is a number of pos ible extensions to it which 
would improve the situation. One hypothesis is that there are 
small contributions from right-handed currents. A simple 
ver ion of such an extension, the " manifest left-right 
ymmetric model", has already been ruled out and more 
ophisticated theoretical approaches are clumsy and destroy 

the natural beauty of the SM. 

There i a need for new high preci ion measurement of 
the neutron lifetime and the major angular correlation 
coefficient . In preparation for the future neutron beta decay 
experiment with the PER KEO [I pectrometer at PF 1, 
exten ive Monte-Carlo simulations of the decay events were 
performed. The goal was to calculate energy spectra and 
angular distributions of the daughter particle under various 
coincidence condition and value of gA and gy. As an 
example, Fig. 9 shows the energy pectra of the decay 
electrons for various combination of emi sion directions of 
the proton and the electron in relation to the neutron spin. 
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Fig . 8: Kurie representation of one spectrum. KO is the theory 
Kuriefunction. No curvature of the slope is visible. so no efficiency 
corrections have to be applied. 

These energy spectra can be combi ned to form an 
a ymmetry function like the one hown in Fig. I 0. 
The PERKEO II program will include anempts to measure 
many different a ymmetry function and to extract the decay 
parameters from them. 

. At the end of 1992 a pin rotation experiment on 207 pb, 
originally planned to be performed earl ier this year at the 
ILL, wa et up at the HMI Berlin. It i a continuation of a 
pioneering experiment carried out in 1982 at the ILL by 
Heckel et al ., who studied natural lead. The new experiment 
is trying to determine the origin of thi particular case of 
parity violating spin rotation effect by meas urin g th e 
contributions from different i otopes. 
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n- n 
The neutron -antineutron o cillation experiment is now 

terminated and has been di smantled. During the last year the 
background has been thoroughly analysed. No background 
event resembling the signature of an antineutron annihilation 
ha been observed. The result for the oscillation period is 
likely to be in excess of 9x 107 s (with a 90 % confidence 
limit) . Although thi s value represent an increase of two 
orders of magnitude of the previous values, it i still 
consi tent with the theory of Mohapatra. 

At the Ultra-cold Neutron Facility PF2 

UC source 

The UCN fac illity PF2 on leve l D will profit from the 
refurbishment of the reactor. The vertical cold source and 
the vertical neutron guide which links the cold source to the 
UC turbine on level D have been removed. Thi provides 
an opportunity to inspect the guide and to make such repairs 
as seem necessary. The automati c UCN beam changer for 
PF2 will be equipped with new electronics which conform to 
ILL standards. 
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EDM 

A new magnetometer using mercury atoms being 
developed at ILL (Sussex-RAL-ILL-Wa hington-Harvard 
collaboration) which is needed for the next generation fLL 
measurement of the neutron electric dipole moment, has 
now reached the nece ary tati tical precision of 
2x I o-9 gaus nns on 2 minute measurement of the volume 
average magnetic field in a 22 litre cell (See the Special 
In trument Group Section). 

MAMBOil 

The experiment MAMBO II (T.U.Munich - ILL 
collaboration) is in the final state of mounting and adjusting 
the apparatu . The aim of this experiment is to measure the 
neutron lifetime with a preci ion of one second using the 
method of storing ultra-cold neutron in a liquid coated glass 
trap with variable volume. Thi ucce ful technique was 
developed at the ILL [9, I 0) and the experience gained with 
the previous ver ion provide the ba i for thi new design. 

S51-INAA: Geology 

Thi s year the Geology Group has, thanks to the 
intermittent operation of SILOE at the CENG, been able to 
continue its work using neutron activation analysis of rock 
samples . We had to adju t to the different irradiation 
conditions, not only in term of ample spectra, but also 
because SILOE has a much more complex neutron flux 
spectrum than the HFR. 

Studies were continued on rocks from the Andean chain 
of South America, notably 

on a eries of modern volcanics from Southern Peru. 
Closer to home rare earth and trace elements have been 
mea ured on a series of volcanic and plutonic rocks from the 
Brianr;onnais area on the Franco-Italian border. Re ults have 
hown that during Penno-Triassic times (280-225 Million 

years B.P.) this part of France was in fact a mountain chain, 
lying above a subducting plate just as the Andes are today. 

Secretary: U. Mayerhofer 
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ILL Workshop on High Resolution 
Gamma Ray Spectroscopy 

From the 5th to the 7th of October, 1992 a workshop on 
"Applications of High Resolution Gamma Ray Spectroscopy 
to Atomic Collisions and Nuclear Lifetimes" was held at the 
ILL. The topics of the work hop were centred around the 
applications of GAMMA RAY INDUCED DOPPLER 
BROADENING. Targets placed in the High Flux Reactor 
erve a source of gamma rays following neutron capture 

reactions. For their analysis the in trument GAMS4 at ILL, a 
double flat crystal spectrometer run a a collaboration 
between the American N.l.S.T., Gaithersburg and the ILL, is 
c urrently the worlds hi g he t re olution gam ma ray 
pectrometer over an energy range 0.5 to 5 MeY. The be t 

resolution obtained to date is close to 3 ppm. Based on this 
outstanding energy resolution the so-called GRID-technique 
(Gamma Ray Induced Doppler Broadening) was developed: 
after capture of a thermal neutron and the ubsequent 
emis ion of a primary gamma ray the nucleus has an initial 
recoil velocity v where v/c = I o-5 - 10-4. The kinetic energy 
of between I and 500 eY i di ss ipated by interatomic 
colli ions (or, at very low energies (eV) by lattice vibrations) 
in the solid target within I o- 12 s. If the level populated by 
the primary transition has a short lifetime of 10- 17 - 10-12 
then the ub equent secondary gamma ray exhibit a 
Doppler broadened line profile which after mea urement at 
high resolution yields information on the lifetime of the 
level and the slowing down proce (see also ILL Annual 
Report I 988, "blue box contribution"). 

The aims of the workshop were manifold : design and 
performance of the GAMS4 spectrometer and its planned 
improvements (R.W. Deslattes and E.G. Ke ss ler , 
Gaithersburg) were prese nted . It was demonstrated 
(R.W. Deslattes) that there might till be the po sibility for 
an even greater improvement in resolution. A summary of 
the lifetime results which have been obtained with the 
GRID-method and/or their impact on nuclear phy ics 
(H.G. Bomer, Grenoble, J. Jolie, Fribourg, and R.F. Casten, 
Brookhaven) were given. In thi s context it was pointed out 
that even for medium-heavy and heavy nuclei with 
complicated gamma ray cascades, important question 
of nuclear structure can be answered (A. Jungc laus , 
Grenoble/Gottingen, R.F. Casten, Brookhaven). On the other 
hand it might be po sible to te t certain aspect of statistical 
model approache (F. Becvar, Prague). An exhaustive 
overview of other methods for measuring nuclear lifetimes 
wa given (J. Sharpey-Schafer, Liverpool) and finally the 
GRID method was directly compared to ome of the more 
classical lifetime methods (J . Keinonen, Helsinki , T. Belgya, 
Lexington, C. We elborg, Gies en, H.H . Pitz, Stuttgart , 
V.T. Kupryashkin, Ki ev, A.I. Fiokti tov, Ki ev and 
S. Raman, Oak Ridge). 
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Of special intere t were the results obtained from 
Molecular Dynamics simulations of GRID lowing down 
data (A. Kuronen , J . Keinonen , Hel sinki; K.H. Heinig, 
Dresden) which broaden the field of applications of the 
GRID-technique. 

With the I 994 restart of the ILL reactor in view, it was 
al o important to think about as yet undeveloped 
applications of the GRID-method. These might lie in 
" in situ" studies of anisotropic s ingle crystal targets 
(K.H . Heinig, Dresden), multilayer (W. Boise, Gottingen, 
A. Traverse, Orsay) and of target with a controlled defect 
structure (T. von Veen, Delft). 

Some area of work which are clo ely related to the 
intere t of the work hop were presented: The computation 
of accurate interatomic potential s (R.M . Nieminen , 
Helsinki) , material s tudies using the nuclear resonance 
fluore cence (R. Moreh, Beersheva), molecular break-up in 
colli ions at ~100 keY energies (W. Neuwirth , Koln ), 
channelling experiments with cooled relativistic heavy ions 
(H. Geissel, Darmstadt), and neutron facilities which will be 
available at the refurbished neutron beam reactor in 
Budapest (G. Molnar, Budapest), were di cussed. 

A final s ummary (P. Lieb , Gottingen ) gave so me 
pointers to where the GRID-method might go next : its 
unique and increasing capabilitie could lead to further 
highly interesting results in the future. In the past the 
interdisciplinary character of the GRID-method ha already 
made GAMS4 one of the most sought-after instruments 
at the ILL. 

H. Bomer 
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The Neutron Electric Dipole Moment 

M. Pendlebury 

The size of the neutron electric dipole moment 
(EDM) is a ignificant constraint on new developments 
in particle physics theory. The EDM first came into 
prominence with the measurement made by Smith, 
Purcell and Ramsey in 1951 which gave the re ult 
dn = (0.1 ± 2.4) x 10-20e cm. At that time the 
experiment was seen as a search for a particular 
handedness in the neutron. However, theorists soon 
pointed out that, for an EDM to exi t, the internal 
forces of the neutron have also to be asymmetric under 
the rever al of the en e of time, a property which at 
that date wa thought to be even more unlikely than 
having a particular handedne . There were some who 
thought the experiment was o speculative as to be a 
wa te of time, but Ram ey argued that such symmetry 
questions should be answered by experiments not by 
prejudice. Six years later, with the discovery of parity 
violation, neutrons in nuclei were indeed fo und to have 
left-handed properties, and thirteen years later, K0 

mesons were found to be influenced by a force which 
was almost certainly asymmetric with respect to time 
reversal. Since then, much effort, in several places, has 
gone into improving the mea urement of the EDM. 
Particularly in the last ten year , the re ults have played 
a ignificant role in the development of particle phy ic 
theory. The mo t preci e EDM measurement at the ILL 
with a neutron beam was completed in 1977. The most 
preci e EDM mea urement using ultra-cold neutron , 
wa carried out at ILL u ing the PF2 source on level D 
and was publi hed in 1990 [ 1] as dn = (-3 ± 5) x 10-26e cm. 
The number of citations has already exceeded 100. By 
1992, a result with similar preci ion (+3 ± 5) x 10-26e cm 
had been published by the Ru ian group using the 
UCN ource at PNPI, Gatchina, near St Petersburg. 
A new project at the ILL aim to reduce the uncertainty 
of the measurement by another factor of five. 

If the neut ron had a maximal d ipolar shape 
distortion , the EDM would be abo u t 
3 x 10-14e cm. From the latest measurements, it is 
already clear that the dipolar hape distortion is only 
one part in 3 x 101 I or le . Thi is equivalent to adding 
a layer, les thick than a human hair, to one hemisphere 
of the Earth. How doe it come about that such a mall 
effect can timulate o much intere t? The hort an wer 
is that it ha an important connection with the ba ic 
force of nature. The neutron i believed to contain 
three quarks bound together by the ' trong force' 
generated by the exchange of gluons. The quarks carry 
electric charges and are also acted upon by the 
electromagnetic forces which modify the structure by 
about O. l %, and with the pin motion, create the 
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Fig . 1: The lighter particles. All those less heavy than 
the proton soon decay, to leave some combination of positrons, 
electrons. neutrinos and photons. All those which are heavier 
than the neutron soon decay to leave a proton or a neutron and 
some combination of the leptons and photons just mentioned. 

magnetic moment. These, the mo t important forces, are 
symmetric with respect to left-handedness and right­
handedne s and do not act differently when time is run 
backwards. For these rea on they could not cau e the 
neutron to have an EDM. 

The 'weak force' which is 107 times weaker than the 
trong force also produce a tiny distortion of the 

structure. It mo t striking effect, however, is to cau e 
the neutron to decay into a proton and electron and an 
anti neutri no. On the time scale of internal particle 
motion , the decay i very slow because the force i o 
weak. The average lifetime of a free neutron is 888 s. 
The disposition of the product particles relative to the 
neutron pin axis, shows the weak force is left handed, 
but that it is unchanged by reversing the direction of time 
and could not cau e the neutron to have an EDM. 

There is evidence from just one elementary particle, 
the K0 me on, which show that there i also a ' very 
weak force' which i about 3 x 1012 times weaker than 
the strong force. It has some very distinguishing features. 
It i asymmetric under what i called the CP operator 
and, therefore, with most reasonable assumption , under 
the reversal of time. It also ha a handedne and is 
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parity violating like the weak force. Thus it has the two 
essential ingredients to cause the neutron (and other 
particles) to have an EDM. From its strength it could, in 
some types of theory, give the neutron a dipolar shape 
distortion of about one part in 3 x 1012 and an EDM of 
1 o-26e cm. This is just the expected resolving power of 
the next ILL experiment. 

There is no doubt that this very-weak or 'CP 
violating' force exists although it has not yet been 
identified in any other system. (C replaces particles by 
antiparticles and P is the parity operator which wi II 
change a left-handed helix into a right-handed helix). 
The CP violating signature found in 1964 by Christensen 
et al. [2] is very clear cut; the KL O meson decay mostly 
into three pions, but, crucially, with a branching ratio 
EK= 2.26 x 10-3, it decays into two pions for which the 
final CP eigenvalue is opposite in sign to that for the 
three pion case. (L means the longer lived of two species 
of K0). Even the main branch of this decay is a weak 
process, so the small branch corresponds to a very weak 
'CP violating force' of relative strength more than 
5 x 109 times weaker than the strong force. But that is 
not the end of the matter; it turns out that the weak 
branch comes mainly from a small CP impurity, of 
amplitude EK, in the original KL0 state where the basic 
CP violating force has produced an enhanced effect; 
so the underlying force is even weaker still. To know the 
true strength, one has to calculate the enhancement 
factor, and this requires a knowledge of the quark 
structure of the K0 meson which is only just now 
becoming well enough defined for the purpose. 
(Analagous enhancements are seen in some states of 
nuclei where admixtures of the 'wrong' parity can be as 
much as 104 times larger than expected from the basic 
strength of the weak force). As an alternative approach, 
there has been a series of experiments at CERN and at 
Fermi Laboratory, on a different feature of K0 decay, 
aimed at measuring the amplitude of the CP violating 
force directly without enhancement. The difficulty is that 
they are then trying to measure the amplitude, called E' 
which is smaller than the already small EK by the 
enhancement factor. For the K0 meson, both the 
theorists, and the experimenters, now agree that the 
enhancement must be at least 500 in place of the first 
estimates of 100. The change, in the theory case, follows 
mainly from the upward revision of the mass of the top 
quark which can now be estimated to within about 20%. 
In tum, the CP violating force strength is now seen to be 
about 3 x I O 12 times weaker than the strong force (and 5 
times weaker than estimated ten years ago). This makes 
the task of the K0 meson experimenters harder than they 
expected. At the last round of e' measurements in 1991 
the combined result from the two groups was 
E' = (3.3 ± 1.1) x 10-6 (relative to the weak force) and 
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was in agreement with the theoretical predictions. It will 
probably take one more round of K0 meson experiments 
to obtain a result which is resolved without doubt. The 
feature which bas to be measured is a small difference 
between the rates of production in KL O decay of 1t+ + 7t­

and of 1t0 + 1t0 • In each case the CP change involved can 
occur by two different paths (i) in the original state and 
not in the decay, (ii) not in the original state, but in the 
decay. The amplitudes for the two paths are proportional 
to EK and E' respectively. The two amplitudes interfere in 
the final state, constructively for the charged pions and 
destructively for the uncharged pions. The net effect is a 
small fractional difference of 6E'/EK in the production rates. 

Correspondingly , over the last ten years, those 
predicted neutron EDM values which depended on the 
strength of the CP violation force seen in the K0 meson, 
have also been reduced by a factor of five; to this extent, 
the goal posts for the experiments have been moved! 

What about the sensitivity of other kinds of 
experiment to look for CP violation? It looks now as 
though the CP violating force is 3 x 105 times weaker 
than the weak force. Most experiments looking for small 
T (or CP) violating features in weak processes, such as 
neutron decay, have difficulty in resolving effects which 
are less than .I part in 3 x I o4; so they may not see 
anything unless there is some enhancement or unless 
they come upon some new mechaf!ism of CP violation 
not revealed in K0 meson decay. As mentioned below, 
other mechanisms are not unlikely. 

One might now reasonably ask why is a force, which 
is as small as the CP violating force, so interesting? 
Mainly because of its special symmetry properties which 
means that it probably has something important to tell us 
about fundamental particles. Certainly, earlier studies 
of the weak force, discovered in I 957, led to the very 
successful theory called the Standard Model and the 
prediction of the existence of the heavy w+, w- and 
Z0 bosons. 

Perhaps the CP violating force can also explain a 
vital feature of the Cosmos. Soon after the force was 
discovered, Sakharov, in 1967, realized that its time 
reversal asymmetry property, could provide an 
explanation of the particle-antiparticle asymmetry 
problem [3]. In principle, it could cause a small 
difference between forwards and backwards reaction 
rates between particles and antiparticles in the fire-ball of 
the 'big bang' which was the birth of the Universe. This 
could then lead to a difference in the numbers of 
particles and antiparticles existing at the final non­
equilibrium stage of the fire-ball. Later, the fireball 
cooled further and particles annihilated with antiparticles 
making finally only heat radiation. But, because their 
numbers were not exactly equal , differing by about one 
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part in t09, this tiny fraction of particles was left over to 
form the material from which we are made. The original 
numbers of neutrons and protons, before annihilation, 
can be calculated from the 3 Kelvin co mic background 
radiation which is all that is left from them. Of course, 
one may ask whether the tiny particle exce s was caused, 
not by some asymmetry in the fundamental laws, but just 
by statistical chance. On pinning a coin which is quite 
symmetric, many time , one generally obtains a different 
number of head from tails. However, the mathematics 
of this situation is well under tood, and the observed 
particle-antiparticle a ymmetry seems to be many orders 
of magnitude too big to have occurred through statistical 
fluctuations. 

A further point is that the CP violating effects which 
are important for thi gene i of matter are tho e which 
occur in the neutron and the proton. The K0 me on is 
unstable and soon decays giving finally massless photon 
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and neutrinos. It is now believed there may be a many 
as three different CP violating force mechani ms. Thi 
complicates the question of relating the CP violation in 
the K0 meson to that in the neutron. One mechani m 
might be dominant for one while a different one 
dominates in the other. This reinforces the notion that the 
neutron EDM is much more relevant to the Sakharov 
theory than is K 0 meson decay. Indeed, it ha been 
shown that, to produce the ob erved amount of matter, 
the neutron EDM must be at least 3 x 10-28 ecm [4]. 

The Sakharov theory al o require the exi tence of 
reaction proce ses which, in high energy colli ion , 
allow antiparticle to convert into particles and vice 
ver a. Such proces e appear naturally in grand unified' 
theories which build on the already ucce ful 
electroweak unification by adding to the w+ w- and Z0 

bo ons ome much heavier X bo on . Evidence for uch 
mechanisms has been ought with proton decay 
experiments and, at the ILL, with the -N experiment. 
The results are not positive, but they do not rule uch 
processes. The choice in grand unification theory have 
simply been reduced, which is useful progress. Recent 
high precision scattering experiment at CERN have, in 
fact, lent new upport to the idea of grand unification. 

The Standard Model of strong and electroweak 
interactions (excluding grand unification) with its 
scheme of twelve spin half fundamental fermions plus 
their corresponding antiparticles and the spin one force 
agents, the gluons, the photon and the w+, w- and Z0 

bosons, is remarkably successful in accounting for a 
large domain of experimental results. Nevertheless, it ha 
very little to say on some matters such as particle ma ses 
and gravity so it seems very unlikely to be complete. It is 
successful in accommodating a weak CP violating force 
for K0 meson decay and the enhancement factor EK/E' 

referred to above. The most uncertain part of the model 
concerns the trong force and the way it ari es from the 
gluons as described by the theory of Quantum 
Chromodynamics (QCD) which leads to very difficult 
calculations. Those who like to be more conservative 
often refer to the Standard Model of electroweak 
interactions only. The latter predicts a neutron dipole 
shape distorsion of only two part in lO I 8 becau e only 
second order terms can be found to contribute an EDM. 
The e involve one weak and one CP violating interaction 
and the EDM produced is 10-33e cm. In thi case CP 
violating in the neutron i much too small for the 
Sakharov argument to be successful. Almo t any attempt 
to enlarge this minimum Standard Model, as by adding 
particles which could, at high energie , restore symmetry 
between left and right handedne (left-right ymmetric 
models) and/or between fermions and bo ons 
(supersymmetric models) leads to a ituation in which 
the EDM can be created in first order, with the size of 
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about 10-26e cm mentioned earlier. Thus, the question of 
whether the EDM is, big enough to be resolved 
experimentally, or much too small to be resolved, has 
seemed to be a very good test for the existence of some 
kind of extension, or, as it has often been said, a good 
test of 'new physics'. 

As these more elaborate models have been studied in 
more detail in the last few years, including some useful 
inputs from string theories, it has become more evident 
that it is not at all easy to create models which can be 
reconciled with all the existing data from high energy 
physics. The one class of models which claims to escape 
naturally from most of the traps is that of supersymmetry 
(SUSY) within which there are two distinct mechanisms 
for CP violation. One involves a 'weak' mechanism to 
do with quark flavours (types) and one involves a 
'strong' QCD mechanism concerned with coloured 
gluons. For quite some years theorists concentrated on 
the 'weak ' term because K0 meson decay seemed to 
concern the weak interaction, also this theory was better 
understood and easier to handle. The predicted neutron 
EDM was 10-22 q> e cm where q> seemed as though it 
should be about unity. However, by 1989 the EDM 
results were embarrassing this theory by forcing the 
value q> down to 10-3 . It also began to emerge that 
concentrating on the weak term was probably a mistake 
and that the larger CP violation effects might come from 
the QCD term [5]. An important 1989 theory paper was 
able to show that for an attractive range of the models the 
QCD term had to give an EDM at least lo4 times larger 
than the weak force term [6). In this situation the 
experiments constrain the QCD term to be Jess than 
1 o-25e cm which means that the weak term has to be less 
that 10-29e cm. Thus qi has to be very small (< 10-7) 
indeed so small that there has to be a particular reason. 
A similar situation existed earlier; the QCD term is 
calculated to give an EDM of 3 x 10-16 0 e cm, where 
the earlier models would expect 0 to be about unity, but 
the EDM from experiment forces 0 to be less than 
10-9. In the absence of a good reason to make 0 so small , 
arguments had been made to suggest that 0 = 0, ruling 
out the QCD term altogether. Now, with the new 
arguments , it seems that the experimental result for the 
EDM forces both of the parameters qi and 0 to be very 
small. But these parameters cannot all be zero or there 
would be no CP violation! Again·, under strong influence 
from string theory, there is now an attractive group of 
supersymmetry models emerging which are known as 
N = I supergravity theories. Within these there is a 
rationale, based on the long standing and attractive idea 
of spontaneous symmetry breaking, which makes the 
values of both 0 and q> to be about 10- ll _ Then the 
contributions to the neutron EDM are 3 x 10-27 e cm and 
10-33e cm for the strong and weak mechani sms 
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respectively. The dominant one is just the size needed for 
the Sakharov argument to give the right amount of matter 
[4]. Perhaps there is something in this. This size ofEDM 
should be resolvable, but perhaps not in the next 
experiment, unless there is some enhancement of the 
EDM to help. Unfortunately, calculations of the QCD 
contributions to e' have still proved too difficult to obtain 
a meaningful result, although this must surely change as 
more effort is applied to the problem in the near future. 

Finally, what about the EDMs of other particles? The 
EDM of the electron has now been measured with about 
an order of magnitude more precision than that of the 
neutron. However, the electron is a lepton for which 
these mechanisms concerning quarks and gluons can 
only appear in higher order leading to EDM 
contributions which are at least 107 times smaller than 
those of the neutron. In the case of the proton EDM, the 
measurement precision lags about three orders of 
magnitude behind that of the neutron, so the neutron 
continues to be the particle which the theorists have to 
watch. 
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General summary 
The scientific life of College 4 went on through 1992 

despite the full impact of the reactor shutdown. It was 
marked by numerous departures: W. Petry became professor 
of physics at TU Munich; the inavailability of neutron 
made many others leave the ILL: M. Alba, J. Bo sy, B. FAk, 
J. L. Martinez and L. Needham. Those who stayed had to 
accept the role of external reactor users and look for neutron 
beam-time elsewhere. This task was greatly facilitated by the 
olidarity of colleagues at other reactor centre , we have 

found friendly as istance at numerous place ranging from 
LLB Saclay (France) to JAERI Tokai (Japan). The 
experimental activities themselves became dominated by the 
interest of the ILL scientists rather than those of external 
users. Inevitably, the range of topics exhibit much more 
continuity compared to the past than in previou years. 

Two meetings during the last year, related directly to 
College 4 and its members , should be mentioned. In 
November 1991 the still quite complete three-axi group met 
for a 3.5 day seminar organized by J. Bossy and B. Domer at 
Luberon (Provence). Each of the 15 participant presented a 
talk on one of the topic covering neutron cattering from 
fundamentals of theory to advanced instrumentation. In 
order to maintain a general ly comprehensible level of 
presentations and to encourage discus ions the talks were 
prepared by non -s peciali s ts under the guidance of a 
participant working actively in the given field. Lndeed, lively 
discussions continued during the afternoon hikes into the 
beautifully coloured hills of Luberon. 

More recently on May 12- 14, a meeting of the French 
neutron scattering community was organized by R. Currat, 
in collaboration with E. Fries (LLB). The 2 1/2-day meeting 
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was held at La Colle-sur-Loup near Nice and wa attended 
by about a hundred cientists. The programme included 12 
review talk on instrumentation and scientific topics and 93 
poster presentations. Two evening sessions were devoted to 
scientific policy discu ssio ns with pre entation by 
J. Charvolin (propo als for the ILL refurbi shment), 
J. Ro sat-Mignod (proposal for extension of Orphee 
reactor), J . Chappert, J. Schweizer and J. Winter. The 
meeting, the first of its kind, was felt to be succes ful and a 
large majority of participants expressed their support for 
having similar meeting on a regular basis. 

Scientific trends and highlights in 1992 
As in previous years the activitie were dominated by 

three major directions: high-temperature studie of phonons 
in bee metal s, investigations of excitations in quasi- ID 
material s and cry sta l field spectroscopy of high-Tc 
superconductors and heavy fermion systems. 

Symmetry breaking inelastic scattering intensity 
in ~-Zr 

The lattice dynamics of the high temperature bee phase 
of the group 3 and 4 meta ls provides insight into the 
mechani m of the di placive bee-hep and bcc-w pha e 
transition. These studie have been made possible by the use 
of a special crystal growth furnace developed at ILL. 
It allows u to grow the single cry tals in-situ on the 
spectrometer and perform the neutron scattering experiment 
without intermediate cooling of the ample. The mea ured 
phonon di per ion relations show a strong resemblance to 
each other with particularly low frequency and strongly 
damped branche in [~~OJ and [~~ 2~] propagation directions 
[I]. Recent measurements of the dispersion surface in the 
{ 110} plane showed another interesting feature which is 
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related to the pronounced anhannonicity of selected phonon 
branches. The e experiments have been carried out at LLB 
in Saclay. Fig. I (page 102) depict a ection of the dispersion 
surface at an energy transfer of 1 THz in the { 110) plane of 
13-Zr at 1333 K. The symmetry of the bee lattice implies that 
the phonon di per ion can be measured at different but 
equivalent position in reciprocal space. Following the one­
phonon scattering law, the observable intensities scale with 
the square of the product of momentum tran fer times the 
phonon polari ation and the Debye-Waller factor (DWF). In 
the (222) Brillouin zone there are two equivalent direction 
where the T 1 [SS 2s] phonon branch can be measured, the 
[21 I] and the [2TT]. Along these directions the DWFs are 
identica l for any given s and the products IQ·sl2 differ by 
only about 6% at s= 1/3 and by a factor of 2.8 at the 
Brillouin-zone boundary. However, the ratio of the observed 
scattering intensities is about 5 at s= I /3 whereas at the BZ 
boundary it corre ponds to the prediction of the one-phonon 
cattering law. This strong violation of the symmetry is 

clearly visible in Fig. I at s= 1/3; a point corre ponding to 
the dip in the longitudinal phonon branch at s=2/3 in the 
r SSS] direction. 

Phonon dispersion ofy-La 

Within the group 3 and 4 metals y-La i the only element 
that transforms from a high temperature bee phase to a fee 
phase and at lower temperatures to a dhcp structure. Despite 
the extremely small stability range of only 53 K below the 
melting point, we have been able to measure the complete 
phonon di spersion at I 163 K [2]. Again we used our in-situ 
s ingle crystal growth tec hnique to access the high 
temperature bee phase. These experiments have been 
performed at the IN8 spectrometer at the ILL and been 
continued after the shutdown at the LLB at Saclay. Fig. 2 
shows the measured phonon dispersion analysed by a Bom­
von Karman model with interactions up to the fifth neare t­
neighbour shell. The phonon dispersion is dominated by the 
extraordinarily low frequency phonon modes propagating in 
the [ssO] and [SS 2s] directions. These phonons are strongly 
damped and close to the Brillouin zone boundary they have 
lifetimes of only a few vibrational periods. The polarization 
vectors of these phonons point into the directions of 
disp lacements towards the close-packed low temperature 
tructures. Analysing the phonon <li sper ions in the fee and 

bee pha e we obtain a contribution of 84% of the vibrational 
entropy to the total exce entropy at the phase transition. 
This result leads to the same conclusions a for the other 
group 3 [3] and 4 [ I] metal , namely that the open bee 
s tructure is mainly tabili zed by high vibrational entropy 
caused by the low frequency phonon branche . 

Elementary excitations in uperfluid 4ffe beyond 
the roton minimum 

Inelas tic neutron scattering ex periment in superfluid 
4He beyond the roton minimum hav e bee n pe rformed 
recently at LLB , Saclay. ILL has provided financial and 
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technical upport for thi s collaboration between ILL and 
CENG phy icists. These experiment in superfluid and 
normal 4He are motivated by the novel interpretation by 
Glyde and Griffin (GG) [4] of the nature of the elementary 
excitations according to which there are density excitations 
of zero-sound type at low wave vectors Q and single 
quasi particle at larger Q ' . The quasiparticles are coupled to 
the den ity fluctuations via the condensate, leading to a 
continuou phonon -roton dispersion curve. The GG 
interpretation is the first theory to describe the line hape of 
the neutron scattering function S(Q,E) and its dependence on 
temperature. High-resolution measurements were made on 
the thermal triple-axis spectrometer !TI at LLB for wave 
vectors between 2.3 A- I and 2. 7 A-1 at temperatures 
betweeen 0.6 K and 3 K, using the ILL 3He cryostat. For 
Q=2.3 A- I we observed a sharp "one-phonon" re olution­
limited peak at low energy and a broad contribution at 
higher energy (Fig. 3a). The sharp peak disappears 
progressively as the temperature is rai ed [5], in qualitative 
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agreement with the GG theory. At larger wave vectors 
(Q=2.4 A-1 ), the sharp low-energy peak is still present, but 
the high-energy peak now becomes temperature dependent 
(Fig. 3b). The temperature dependence of the broad 
contribution commonly known as the scattering by the 
multiphonons beyond a wave vector (around 2.3 A- 1) is 
something new. This suggests that the excitations change 
character, probably due to a hybridization with the 
multiphonons. Since the coupling of the quasiparticles to the 
multiphonons is not included in the GG model, further 
theoretical work is needed to explain the temperature 
dependence of the excitations in 4He beyond the roton 
minimum. 

Peierls transition in (TaSe4)zl 

Transition metal tetrachalcogenides have a marked ID 
metallic character due to the directional nature of the 
electronic orbitals (dz2) involved in the formation of the 
conduction band. The crystal structure of these compounds, 
of general formula (MSe4)nl. with M=Nb,Ta and 
n=2,3, I 0/3, consists in an arrangement of strongly bonded 
(MSe)00 chains, parallel to the tetragonal c-axis, separated by 
strands of iodine ions. The anisotropy of the ionic 
interactions in (TaSe4)2I is apparent in the phonon 
dispersion curves shown in Fig. 4, based on 3-axis 
measurements with cold neutrons at ILL (IN12, IN14) and 
LLB-Saclay (4Fl, 4F2). One notices the upward curvature 
of the doubly-degenerate transverse acoustic mode propa­
gating along c*, indicating a large chain-bending stiffness. 
The limiting sound velocity, v44=(C44/r)l/2, is controlled 
by interchain interactions and is found to be as low as 
450 ms- I, about a factor I O lower than the longitudinal 
sound velocity v33. The same v44 sound velocity is 
associated with (c-polarised) transverse sound propagating 
in the basal plane. This leads to a low-lying dispersion sheet 
with a zone-boundary frequency in the 0.1 -0.2 THz range, as 
shown in Fig. 4 for propagation directions along a* (right 
hand symmetry) and a*+b* (left hand symmetry). The 
above phonon spectrum in (TaSe4)2I is found to be largely 
unaffected by cooling through the Peierls instability at 
Tp=250±10 K. The onset of the low-temperature charge­
density-wave groundstate is characterized by the appearance 
of diffraction satellites at Qs=(±0.045, ±0.045, ±0.085). 
Detailed inelastic measurements near Qs show no evidence 
for a phason-amplitudon decoupling below Tp. As a 
consequence of the neutron work [6], low-temperature 
specific heat anomalies and optical resonances, originally 
ascribed to CDW-excitations have been reinterpreted in 
terms of the specific aspects of the compound's phonon 
spectrum. 

Neutron scattering from CsFeCl3 and CsFeBr3 
in an external magnetic field 

The singlet groundstate systems of the type AFeX3 
(A = Cs, Rb, X = Cl, Br) are known to be prototype systems 
for ID-behaviour because their structure is built from chains 
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Fig . 4: Phonon dispersion curves along high symmetry directions 
in (TaSe4)2l at room temperature. Modes polarised normal and 
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of face-sharing FeX6 octahedra separated by the A-ions. 
The Fe2+-ion with the effective spin S= l has a singlet 
groundstate (m = 0) while the first excited state is a doublet 
(m = ± I). This doublet undergoes a Zeeman splitting in an 
external magnetic field H :x applied along the z-axis. A soft 
mode appears at [ 1/3 1/3 0] and equivalently at [2/3 2/3 0] in 
reciprocal space. In CsFeCl3 long range order appears first 
as an incommensurate phase and, at higher fields, locks in 
into a commensurate phase with Bragg peaks at [ 1/3 1/3 0] 
and [2/3 2/3 0]. The dispersion curve of the magnetic 
excitations exhibits at zero field a minimum displaced by the 
dipolar interactions away from the [l/3 l/3 0] and [2/3 2/3 0] 
positions. With increasing field along the z-axis this 
minimum moves to the commensurate positions. We also 
applied a magnetic field perpendicular to the c-axis . 
Following the predictions of the theory [7] an increase of the 
excitation energies and a splitting of the excitations detected 
at higher magnetic fields H ~ 3T. This behaviour of CsFeCl3 
with ferromagnetic exchange interaction along the chains is 
different from CsFeBr3 with antiferromagnetic exchange 
interactions along the chains. In the latter case the variation 
of excitation frequencies in an external magnetic field 
perpendicular to the c-axis was extremely small [8]. 

Percolative superconductivity in ErBa2Cu30x 
(6 :s;x :s;7)? 

In perovskite-type compounds RBa2Cu3Ox (R=rare 
earth or yttrium, 6<x<7) the rare-earth ions are situated close 
to the CuO2 planes, where it is widely believed that the 
superconducting carriers are located. Thus the crystalline 
electric field (CEF) interaction at the R site constitutes an 
ideal probe of the local symmetry and the charge distribution 
of the superconducting CuO2 planes and thereby monitors 
directly changes of the carrier concentration induced, e.g. by 
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oxygen nonstoichiometry, pressure, doping and disordering 
effects. In order to understand the origin of the well-known 
two-plateau structure of Tc as a function of x, the CEF level 
structure of ErBa2Cu3Ox has been studied in detail for a 
series of oxygen contents x covering the semiconducting and 
the metallic states. From the experimentally determined CEF 
potentials quantitative information on the charge transfer 
from the chains to the planes upon oxygen reduction has 
been derived. Our results exhibit a linear dependence of the 
charge transferred as a function of x, in contrast to Cava et 
al. [9] who deduced a close relation between the two-plateau 
structure and the charge transfer with a pronounced 
discontinuity at X"'6.4. Furthermore, investigating the 
low-energy CEF excitations of ErBa2Cu3Ox in more detail 
under improved resolution conditions, the lowest-lying 
energy transition A is found to result from a superposition of 
three different components (Fig. 5), providing evidence for 
the formation of three different types of clusters (A 1, A2 of 
metallic character and A3 of semiconducting character) in 
the superconducting CuO2 planes [10]. The fractional 
proportions of the three cluster types turn out to be 
extremely dependent upon the oxygen concentration x. 
These results are in agreement with the recent observation 
of a coexistence of two phases in the vicinity of x"'6.4 
in ErBa2Cu3Ox. Based on these observations 
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superconductivity can be shown to result from the formation 
of a two-dimensional percolative network. The continuous 
increase in the metallic states A 1 and A2 can explain the 
increase of the superconducting volume fraction as observed 
by magnetic susceptibility measurements when the oxygen 
content is rising from x=6 to x=7. A two-dimensional bond 
percolative model predicts the critical content x associated 
with the transitions to the Tc"'90 K-superconducting state 
and to the T c"'60 K-superconducting state to be x 1 = 6.86 
and x2 = 6.42, respectively, which is in good agreement with 
the two-plateau structure of Tc· 

Kondo-lattice and valence fluctuation systems 

Celn3 is a typical Kondo-lattice (heavy Fermion) system, 
while CeSn3 is classified as a valence fluctuation system. 
The two compounds are isostructural (fee), so the mixed 
pseudo-binary systems Celn3_xSnx provide an ideal object 
to study the evolution from the Kondo-latttice to the valence 
fluctuation regime with increasing x. Evolution of the 
paramagnetic spectral response in Cein3_xSnx (0<x<3) has 
been investigated on the IN4 TOF spectrometer. Fig. 6 
displays the magnetic spectral response of the Kondo­
lattice/hea vy Fermion system Celn3 at 20 K in the 
paramagnetic phase as measured with neutrons of incident 
energies 50 meV (a) and 12.5 meV (b). The smooth curves 
through both of the data sets represent a common two 
component Lorentzian fit consisting of a crystal field 
excitation and a quasi-elastic (centred on zero energy) 
distribution. Fig. 6c shows the Fermi-liquid spectral 
response typical of a valence fluctuation system, in the 
present case Celn 1 _5Sn 1.5, measured at 5 K. The continuous 
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curve represents the bes t fit to the Kuramoto­
Miiller-Hartmann function , which describes the Fermi-liquid 
response for the fully degenerate (N=6) ground state 2Fs/2· 
The results demonstrate the evolution with increasing k-f 
hybridisation from Celn3 towards CeSn3. With increasing 
characteristic (Kondo) energy the crystal field splitting is 
quenched, the ground spin-orbit state (2F5;2) recovers its 
full degeneracy and the spectral function as umes the Fermi­
liquid form [ 11 ]. 

Intermediate critical exponents in 2D-XY magnets 

The 2D-XY model of collective magneti sm is 
particularly important in solid state physics, providing a 
description of phase transitions in such diverse systems as 
superconducting and liquid crystal films, as well as being 
directly relevant to magnetic films and layered magnets. The 
model cannot sustain long range order at finite temperature, 
but nevertheless exhibits a " Kosterlitz-Thouless " phase 
transition, which is mediated by defects in the local spin 
structure called "spin vortices ''. At low temperature the e 
bind together in pairs, but at a high enough temperature they 
become independent, driving the phase transition. Magnetic 
order, as mea sured by the s ublattice magneti sa tion 
magnitude M, is directly accessible by neutron scattering, 
being proportional to the square root of the intensity of a 
magnetic Bragg reflection. Near to the critical temperature 
Tc, the order parameter normally shows power law 
behaviour M=ITc - TIP, with 13 , the critical magnetisation 
exponent, adopting universa l values according to the 
dimensionality and spin symmetry of the system . For the 
2D-XY model there is in theory, no magnetisation , and 
hence no exponent p. In layered magnets , considered to be 
experimental realizations of the 2D-XY model, long range 
order is stabilised by very weak interlayer coupling. Neutron 
scattering measurements on many different systems have 

C 
--' 

8 '-------L---_._ ___ _.__ ___ ~--~ 
-6 -5 -4 -3 

T Ln(I -- ) 
Tc 

-2 -1 

Fig. 7: Intensity of a magnetic Bragg reflection of the 2D-XY like 
ferromagnet Rb2CrCl4, plotted as a function of reduced 
temperature (Tc·T) where Tc=52.2 K. A crossover between the 3D 
behaviour with slope be113 and a 2D-XY behaviour with beo.23 
is clearly seen. 
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shown that near to the phase transition there is a narrow 
three-dimensional critical region , with a 3D exponent 
13 "" l/3. However, at lower temperature there is a crossover 
to a second regime with a characteristic exponent 13 "" 0.23. 
Fig. 7 shows data measured on the D10 spectrometer, which 
exhibit a typical example of such a crossover. This econd 
regime can be thought of as a region of finite size 2D 
behaviour, where the correlation length is too mall to make 
the weak interplanar coupling relevant. However, the exact 
relation of the experimental 13 "" 0.23 to the 2D-XY model 
has long remained a mystery. Recent theoretical work at the 
ILL and the ENS , Lyon [ 12), appears to have found the 
solution . Although the 2D-XY model has no long range 
order, the magnetic correlations decay so s lowly with 
distance that a magnetisation occurs in any reali sable finite 
system. A calculation of the magneti sa tion us in g 
renormalisation group equations, modified for finite size, 
shows that two dimensional fluctuations cau e effective 
power law behaviour over a restricted temperature range, 
with 13 = 3p2/J 28 = 0.231. This result is valid for a 2D-XY 
system of any large but finite size. Monte Carlo simulations 
have confirmed that it is accurate for the effective finite size 
of a typical layered magnet, and further confirmation comes 
from the observation of the same b in XY-like magnetic 
monolayers, where finite-size effects are directly relevant. 
It may be concluded that b=0.23 is a universal signature of 
finite 2D-XY behaviour. This result strongly sugge ts that 
vortex unbinding occurs in real magnets . 

Secretary: J. Kulda 
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C OLLEGE 4 

Displacive tran itions in bee metals: 
diffusion and phonon 

W. Petry* 

A con iderable fraction of the metallic element 
solidjfie in the open bee tructure and tran form by 
lowering the temperature, or under pre ure to a clo e­
packed tructure . In general, the e transitions are 
di placive, recon tructive, of fir t order and are often 
called marten itic. How i thi weakne of the bee 
structure related to such apparently different properties, 
as tbe lattice vibrations or the transport of matter in the e 
metal ? 

Acces to the phonon of the e bjgh temperature 
pha e i strongly hindered by the displacive tran itions, 
which unavoidably destroy the high temperature bee 
single crystal. We have overcome this problem by the 
in- itu growth of the single crystal on the neutron 
pectrometer and mea ured, for the fir t time , the 

complete phonon di per ion of the bee phase of the 
tran ition metal Sc [1], La [2], Ti [3], Zr [4] and Hf [5]. 
Part of the results is shown in Fig. [l], which compare 
the longitudinal (L) [SSS] and the transver al (T J) [1;1;0] 
phonon branch for selected bee elements. 1n spite of their 
highly symmetric and mono-atomic structure, the 
vibrational behaviour of these metals i a very complex 
one: 

• The di per ion of the longitudinal [1;1;1;] phonon 
branch shows a pronounced dip at 1; = 2/3. 

• The whole Tt [1;1;0] with [110] polarization is 
of low energy. 

• Al l these low energy excitation are strongly 
damped or of a short lifetime and inten ity of inelastic 
origin reaches down to zero-energy transfer. 

The L 2/3 [11 1] phonon plays a particular role within 
the bee structure as it displaces two out of three (111) 
planes towards each other (see Fig. 2). 
A complete collap e of the two (11 1) plane yield the 
hexagonal ro- tructure, which is ob erved under pressure 
in the Group 4 meta ls. The other low energy mode, 
namely T 1 [1;1;0] with 1; = 1/2, shift two adjacent ( 110) 
plane from a bee stacking equence to that of an hep 
tructure. 

These mode can be seen a dynamical precursors of 
the approaching transition. Their eigenvectors 
correspond to the rusplacement needed to tran form the 
bee to the clo e-packed tructure and becau e they are of 
low energy, they probe a low potential barrier for the 
dj placive tran ition. Furthennore, the energie of these 
phonon are trongly temperature dependent. The mode 
which hift the bee lattice towards an hep tacking 
equence i of lowest energy at the transition and stiffens 

con iderably with rising temperature. The e low energy 
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Fig. 1: Anomalous phonon branches in selected bee metals. 
Within one chemical group low energy phonons are of similar 
frequency, whereas the frequency considerably increases 
with increasing d-electron density. 

a./3/2 

Fig . 2: Displacements of the L 213 [I// J phonon and its 
relation to a nearest-neighbour jump. 
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modes also supply the dominant contribution to the high 
lattice entropy 

S.,;b = -3K8 JdroZ(ro)[n(ro) l nn(ro)-(l +n(ro))l n(l +n(ro))] 
(1) 

thereby lowering considerably the free energy 
F = U - TS of the crystal. (Z(ro) represents phonon 
density of states and n(ro) the Bose occupation factor) . 
That is the reason why the low energy modes play a 
two-fold role: They are a sign of the weakness of the bee 
lattice to undergo transformations and at the same time 
they stabilize the bee structure, due to their contribution 
to the lattice entropy [2,4) (see Fig. 3) which then 
minimizes the free energy. 

The broad energy distributions which are 
characteristic for these low energy phonons are 
remarkably well reproduced by a damped oscillator 
description. In the extreme case, their widths correspond 

E 12 fee - La bee - La .2 
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T~~ __Q 
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Fig. 3: Temperature dependence of the lattice vibrational 
entropy calculated by means of the temperature dependent 
phonon spectrum. The jump of Svib at the transition 
temperature is the dominating term in minimizing the free 
energy of the high temperature phase. Contributions from 
the electronic entropy are considerably smaller {2,4]. 
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to lifetimes in the order of one vibrational period. This 
makes it difficult to speak of propagating modes. More 
appropriate is a description in terms of dynamical 
fluctuations towards the product phase and a description 
by anharmonic theory which includes interference 
between multiple phonon excitations [6] (see also the 
contribution dealing with the symmetry breaking 
inelastic scattering in b-Zr). 

The bee metals are known for their unusual diffusion 
properties (Fig. 4). In these metals self-diffusivities D(T) 
differ by up to eight orders of magnitude at half of the 
melting temperature Tm and the faster diffusing metals 
exhibit a pronounced curvature in the Arrhenius 
presentation of D(T). The importance of these effects is 
seen in comparison to the diffusivities of fee metals 
whose behaviour is quite "normal" as all D(T) fall on 
one master curve. The key information in relating this 
unusual self-diffusion to the vibrational behaviour in bee 
elements has been obtained by an incoherent 
quasi-elastic neutron scattering experiment on bee-single 
crystals of Ti [7] . It was shown that the elementary 
diffusion step is a jump into nearest-neighbour (no) 
vacancies. From Fig. 2 it is evident that the 
displacements of the L 2/3 [111) phonon push the atoms 
into the direction of nn vacancies, i.e. the low energy 
phonon probes a low migration barrier for the diffusion 
jump. Similar considerations hold for the low energy 
phonons along T 1 [l;l;O] [8,9]. 

By means of the lattice Green ' s function, a theory has 
been developed which yields a quantitative relation 
between migration enthalpy HID and the properties of 
low energy phonons [10]. 

(2) 

Whereas a is a structure specific constant (established 
by computer simulation), the -2nd moment of the density 
of states Z(ro) takes into account the element specific 
lattice vibrations. Fig . 5 displays the results of 
calculations of HID for the bee phase of Group 1 to 
Group 6 metals . For the very few cases where 
experimental values of HID are available, compatibility is 
achieved. But the important point in Fig. 5 is that for the 
first time, reliable predictions were made for all bee 
metals where phonon dispersions are known. 

Due to the fact that the energy of the phonon modes 
which are related to the phase transition increases with 
increasing temperature, the migration enthalpy HID 

shows the same behaviour. This is demonstrated for the 
case of bcc-Zr in Fig. 5 while Cr exhibits the opposite 
temperature behavior. Phonons in Cr shift to lower 
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Fig. 4 : Self-diffusivity D(T) as a function of a normalized 
temperature for bee and f ee metals. 

energy with increasing temperature. Hm therefore 
decreases with increasing temperature. In this context, 
the evaluation of Hm as a temperature dependent 
quantity is of particular importance . A non-linear 
temperature dependence then explains the curvature 
often observed in the Arrhenius presentation of the 
self-diffusivity. 

In Fig. 5 HID is plotted as a function of the successive 
filling of the s- and d-band. This reveals pronounced 
chemical trends. In the alkali metals migration barriers 
are lowest. Filling the s- and d-band, ttm gradually 
increases . Again, thi s is directly related to the 
characteristics of the vibrations. As shown in Fig. 1, the 
low energy phonons are nearly of the same energy within 
one chemical group whereas the high energy phonons 
scale with their masses and lattice parameters. However, 
filling the d-band phonon energies gradually increase. 

In summarizing, we state that inelastic neutron 
spectroscopy of the high temperature bee -phases 
revealed the common origin a) of their tendency to 
transform into close-packed structures, b) of their 
anharmonic vibrational behaviour, and c) of their large 
scatter in the self-diffusivity. Filling of the s- and d-band 
is the control parameter for the potential heights 
experienced by jumps to vacant nn sites. The latter is the 
dominant self-diffusion mechani sm in all pure bee 
elements. 
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Atomic structure and dynamical properties 
of the Al-Pd-Mn icosahedral phase 
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Atomic structure 

Quasi-periodic structures can be viewed as irrational 
3-dimensional cuts of objects which are periodically 
distributed in an n-dimensional space (n > 3) . 
Quasicrystals (QC) can be de cribed by symmetry (space 
group), metrics (lattice parameter ) and the di tribution 
of "atomic objects" (AO) in an n-dimensional unit cell, 
just as for regular structures. As a consequence, the 
derivation of a qua icrystal structure from diffraction 
data follows essentially the same procedure as would be 
applied for a classical 3-dimensional structure. The best 
candidates for structure determination from diffraction 
data are the recently discovered, phason-le , "perfect" 
quasicry tals Al-Cu-T (T = Fe, Ru, 0 ) [l] and Al-Pd-T 
(T = Mn, Re) [2]. Both qua icry tals form via slow 
cooling procedures and large single grains can be grown 
[3]. Single grains of the Al70_5Pd21Mn8.5 icosahedral 
phase were studied using four-circle single crystal 
diffractometry with X-rays and neutrons [4]. Indexing of 
the diffraction peaks for both the X-ray and the neutron 
experiments fully confirms the previously suggested by 
powder neutron diffraction data [5] . The lattice 
parameter, a, of the equivalent 6-dimensional cubic 
primitive cell was found to be 6.45 l A. The weak face­
centered (F) aspect of the structure, corresponding to the 
weak I-character of the reciprocal Bravais lattice, comes 
from an uneven density di tribution on ites with 
different parity . These features can be seen in the 
Patterson density maps obtained by inverse Fourier 
tran form of the corrected integrated intensities of the 
indexed Bragg reflections (fig. l ). Density profiles along 
a perpendicular axis ([-'t, 1,0]J_ in fig. 1) are plotted in 
fig. 2. The Patterson maps of fig . 1 show unambiguously 
that AO are distributed at the lattice nodes (origin sites) 
and on body-centered sites. eutron contrast vanat10n 
studies measurements using isomorphous substitution [5] 
have given detailed information about the manganese 
AO, whereas the X-ray single crystal data is dominated 
by the Pd atom contribution. This accounts for the very 
large differences observed between the neutron and X­
ray den si ty profiles (fig. 2). The uneven den sity 
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distribution on sites with different parity appears to be 
very large for the X-ray data, which is indicative of the 
trong chemical order induced by the palladium. 

First approximations for the AO in the 6-dimensional 
primitive cubic tructure can be obtained by con idering 
pheres in the perpendicular pace. Modeling of the ize 

of AO to the composition, den ity and low Qperp data 
already give a very restricted set of olutions. This has 
allowed a first model to be deduced which may be 
summarized a follows: 

(i) At even lattice nodes, one has a core of Mn 
(radius 0.833a) surrounded by an intermediate shell 
of Pd (extending up to l.258a) and an outer hell of Al 
(up to l.547a). 
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Fig . } : The Patterson function for the 6-dimensional periodic 
structure as obtained with single grains and X-ray (a) 
or neutron (b) diffraction. The figure shows slices of 
the 6-dimensional space containing five-fold axes in both 
the physical (par) and the complementary (perp) subspaces. 
The density features on even and odd sites are obviously dijferem. 
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(ii) At odd lattice nodes, a core of Mn (radius 0.520a) 
with a shell of Al (up to l .639a), 

(iii) At odd body centers, a core of Pd 
(radius 0.710 a) 

(iv) At even body centers, a small core of Al 
or empty volume. 

The resulting 3-dimensional structure contains 
mainly two kinds of clusters, corresponding to the 
external shell of the Mackay icosahedron with different 
decoration arising from the 6-dimensional superstructure. 

Dynamical properties 

Inelastic measurements were performed at the Orphee 
reactor (Laboratoire Leon BriJlouin), using the 1 T triple 
axis spectrometer with a PG[002] monocbromator 
(vertically focusing) and analyser (horizontally focusing) 
[6]. Constant kf scans (2.662 A-1) were used to measure 
excitations with an energy resolution of 0.35 THz. The 
sample, a single grain of approximate size I x 0.5 x 0.5 
cm3 [3] , was oriented to provide measurements in a 2-
fold scattering plane which contains all the strong Bragg 
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-~ 107 
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Fig. 2: Profiles of the various Patterson density features 
on the even(_) or odd(···-} lattice nodes, and on the even 
(--) or odd(_ · _ · _) body centersfor X-ray (a) and neutron 
(b) data. 
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Fig. 3: Representation of the experimental scattering plane. 
The area of the spots is proportional to the intensity 
of Bragg reflections. 

reflections (fig. 3). The experimental results were 
aoalyzed by fitting the excitations with a damped 
harmonic oscillator function convoluted with the 
instrumental resolution. Typical results, corresponding to 
a transverse geometry associated with point C (fig. 3), 
are shown in fig. 4. Results of the fits are given in fig. 5. 
Three distinct regions may be identified: 

• At low Q (Q <0.35 A-1 ), the width of the excitation 
is limited by the instrumental resolution. 
In this region a linear behavior is observed. 

• At high Q (Q >0.8 A-1 ), several excitations are 
present and there is no more evidence of a dispersion curve. 

• In between (0.35 < Q(A-1) < 0.8), the width of the 
excitation increases (this may also indicate the presence 
of several excitations). There is still evidence of a 
pseudo-dispersion curve with non-linear behavior. 
The pseudo-dispersion curve bends over around 3 THz. 

In the linear regime, the isotropy of transverse modes 
propagating along different symmetry axes ha been 
verified. Sound velocities were determined a 
3.5 x 103 ms-1 and 6.3 x 103 ms-1 for transver e and 
longitudinal modes respectively, which is similar to that 
in AILiCu and AICuFe samples [7-8]. 

When branches cross, one would expect that a gap 
opens giving rise to an optic-like upper branch. These 
features can be measured between points C and D 
(see fig. 3). No such gap was actually detected. 
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Fig. 5: The phonon dispersion relation corresponding to fig 4. 

For longitudinal excitations (see fig. 6), the pseudo 
dispersion curve clearly bends over around 3 THz. A 
non-di persive excitation(s) lying around 4 THz can also 
be identified . This pseudo dispersion curve may be 
compared to the case of the 1-AILiCu phase [7] . There 
also, the longitudinal modes were seen to become 
dispersionless (at a lower energy, i.e., around 2.5 THz), 
which suggests a difference from the crystalline R-phase. 
This has been interpreted as an indication of spatial 
localization for these excitations. 
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In 199 1 ex perim e ntal ac ti vi ti es a t ILL had a lready 
suffered from the reactor shutdown. To compensate thi s the 
co llaborat ive sc ie ntifi c and expe rime nta l work of ILL 
c ie nti sts was furth e r ex panded at many European and 

overseas neutron centres. The DI A instrument was taken to 
the LLB in Saclay and has been avai lable for scheduled use 
s in ce October 1992. Software a nd hardware from the 
instrument DI B were taken to the Siloe reac tor (CENG 
Grenoble) and this has enhanced the working conditions on 
the powder di ffractometer DNS. 

A number of scienti sts and technicians were detached 
from ILL for periods up to two years. The last remai ning 
ILL thesis students are comp leting their theses in rather 
difficult conditions, again often travelling to several neutron 
centres to obtain beam time. Such co ll abo ration s have 
however usually been very productive. 

College members have been involved in the joint project 
with the ES RF and EMBL whi ch aims at clari fy ing the 
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problems of controlling ILL and ES RF instruments under 
the UNIX operating system. The college has begun to study 
co nversio n of sc ientifi c and instrument pro gram s in 
preparation for a substanti al investment in UNIX work 
stations. The Cambridge crystallographic subroutine system 
developed by P.J. Brown and J.C. Mathewman is already 
running under UNIX; and for example the UNIX version of 
XT AL is now running at ILL. 

A Silicon Graphics UNIX workstation with accelerated 
3D di splay was purchased in 1992, together with CERIUS 
crystallographic software from a Cambridge company. A 
similar system was purchased at the same time by the ESRF, 
a llowing favourable co ndition s to be nego tiated , and 
opening the way for close practi ca l collaboration between 
the diffraction groups of the ILL and ESRF. 

Altogether 1992 has been a sc ientifically productive year 
and the variety of sc ientifi c contributions for the annual 
report is greater than ever. 

Scientific Highlights in 1992 
Crystallography 
Modulated phases in TIGaSez 

TIGaSe2 belongs to the family of ternary semiconducting 
cha lcogenides with the chemical formula ABX2 where 
A and B are me ta l atom s a nd X is a c ha lcoge n atom. 
At room temperature paraelectric TIGaSe2 crystalli zes in a 
monoclinic structure (C2/c) which is built up of adamantane­
like Ga4Se10 tetrahedra, linked through corners to two­
dimensionally infinite ~ [ Ga4Se10] layers and TISe6 prisms. 
The layers are stacked along [00 I] and linked through one­
d imens ionall y infinite : [TISe6] chains. On cooling, two 
success ive phase transitions take place: first at Ti = 120 K to 
a n in comm e nsurate ph ase which finally lo cks into a 
commensurate ferroelectric phase at TL = I LO K. The low 
temperature co mmen s urate phase has th e non ­
centrosy mmetric space gro up C2. It is th e loss of the 
invers ion symmetry at low temperature which leads to the 
appearance of ferroelectricity . It is presumably caused by the 
s m a ll po s ition a l s hift of TI atoms in th e a -b plane 
accompanied by the di scontinuity in the axial ratio . The 
appearance of ferroelectricity has been interpreted as being 
due to the ste reoche mi ca lly ac tive electron lone pair 
configuration of the TI+ ion. To confirm thi s the crysta l 
structures of the low temperature phases of TIGaSe2 were 
inve tigated on the four-circle diffractometer D 19, which is 
equipped with a 4° x 64° multidetector. Fig. I shows the 
w-scans along the reciprocal lattice row [-9 -5 I] at 126 K, 
11 4 K and 104 K correspond in g to the paraelectric , 
incommensurate and ferroelectric ph ases, respectively . 
Fig. I illustrates the usefu lness of a multidetector to record 
the diffraction peaks of the principal and satellite refl ections 
s imulta neo us ly in s uc h mod ul ated st ru c tures. In the 
incommensurate phase the pairs of sate llites are displaced 
from the superlattice positions correspond ing to the wave 
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10 the paraelectric, in1ermedia1e incommensurale andferroelec1ric 
commensurate modula1ed phases. respec1ively . Also shown 
is a larger sec/ion of the reciprocal lartice row measured at 51 K 
in 1he f erroelec1ric phase. The posilion sensi1ive detec/or allows 
a 1hree dimensional represen1a1ion of 1he refleclions. rand v 
correspond to the horizon/a/ and ver1ica/ direc1ions in 1he plane 
of 1he mullidetec/or whereas m is 1he ro1a1ion angle of /he cryslal. 

vector k = (0, 0, 1/4) by mall amount whereas in the 
commensurate modulated pha e they appear exactly on the 
superlattice po ition . About 9000 principal and atellite 
reflection were measured in the ferroelectric pha e. The 
structure determination of the low temperature ferroelectric 
phase using the e inten ity data showed that ystematic 
displacements of the TI atoms from the po itions of the 
paraelectric pha e parallel to [0 0 I] take place in the 
modulated phase. The : [Ga4Se10] layer remain practically 
unmodified. The prism changes it coordination number 
from CN6 to CN7. The reason for the hifts of the TI atom 
is the induced stereochemical activity of the lone pair of TJ+ 
at the ferroelectric phase transition . All TI atoms from two 
neighbouring : [TISe6] units along [O O I] are hifted in the 
ame direction by the same amount. The pri m units form a 

block. The unit cell is built of eight such blocks stacked 
along [O O I]. The shifts of two consecutive blocks are 
alternatively parallel to [- I - I 0] and [ I - I 0]. The pre ent 
structure model explains the quadrupling of the c axis and 
show that it is the stereochemical activity of the TI+ ion and 

50 

not the chalcogenide ion whi c h is res pon s ible for the 
appearance of ferroelectricity . Thi work is a collaboration 
with the MPI in Stuttgart. 

An in-situ temperature-dependent study of texture effect 

Th e texture of polycry ta lline bulk material ha 
important consequence for its technological application . 
Depending on the intended u e the exi tence of texture may 
be desirable or not. 

Diffraction studies using an Eulerian cradle allow the 
recording of complete pole figure of a ample from which it 
is pos ible to calculate the three dimen ional orientation 
distribution function. Referring to a ingle direction it is 
usual to describe the degree of preferred orientation relative 
to a random distribution in unit of "multiples of random 
Qi tribution" = mrd. Several studies on the influence of the 
manufacturing process and sub equent working processes on 
the resulting texture have been made by neutron diffraction 
techniques. DI B with its multidetector has often been used 
for this kind of study: in a collaboration with the GKSS in 
Geesthacht the first in-s itu temperature-dependent texture 
study ha now been performed by mounting a small oven 
inside the Eulerian cradle . Fig. 2 shows how the strong 
double fibre texture of cold extruded copper is influenced by 
recry stalli ation processes at elevated temperat ures. 
Measuring in steps of 50 °C pole figures were recorded 
within 20 minute . Starting from about 250 °C the degree of 
orientation decrea e igni ficantly for the trong < I I I> 
component. Amounting to 17 mrd at 200 °C it drops to only 
3 mrd at 600 °C the highe t measurable temperature. The 
effect of adding I O % Al was hown to consist in advancing 
the on et of recrystalli sation by about 50 °C. This should be 
connected to the existence of inhomogeneously deformed 
material in the vicinity of pha e boundaries in the mixed 
phase where for exa mple di loca tion s facilitate th e 
nucleation. 
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Fig . 2: Degree of orien1a1ion of 1he copper <I I l >-componenl 
as a fun ction of annealing 1empera1ure for cold ex1ruded pure 
copper and Al 90 Vol.%Cu. 
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Interrupting the annealing process at 300 °C has drastic 
consequences for the final degree of orientation: e.g. for the 
I O % Al subst ituted ample the time-dependent 
recrystallisation quickly fades away. Even after 7 hours the 
degree of orientation stay at about 7 mrd, well above the 
final value of 3 mrd previously found for the 600 °C 
annealed sample. 

In situ study of nitrogenation processes 

The possibility of inserting light elements such as H, C, 
N, within the metal sublattice of the R2Fe 17 compounds 
(R = rare earth) has recently renewed interest in these 
magnetic alloys since both the Curie temperature and the 
magnetization are tremendously increased. In particular 
Sm2Fe 17N3 is the most promising material for permanent 
magnet applications. 

Early studies performed on D2B have established that 
nitrogen atom only occupy one interstitial site (9e), 
a di torted octahedron formed by two R atoms and four 
surrounding Fe. Nevertheless, it remains unclear whether 
nitrogen completely fills this site as soon as the reaction 
start , or whether it leads to intermediate nitrides R2Fe 17Nx, 
where x increases during the reaction . 

Real time " in-situ" ne utron diffraction using the 
diffractometer D1 B, made it possib le to inve tigate the 
nitrogenation process itself. 

A fine powder of Nd2Fe17 was put into a silica tube. The 
ample was then heated under constant N2 gas flow ( I oS Pa) 

from room temperature to about 730 K over a period of I hr 

% % 
100 50 •• 0Nd/e17N3 •• - ♦ 90 ♦• oO 40 

♦ cfP 
•• cfPo-

80 ~ d)O 30 

♦ Nd/e17 
~ <9 

9 .... 70 •• 20 
00 •••• 

60 0 ... 10 00 ♦ ♦ 
c90 

50 0 
0 5 

time (hour) 
10 15 

Fig. 3: Evolution of the percentage of Nd2F e 17 and Nd2F e 17N2 .7 
phases versus the time of reaction . 
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and maintained at 730 K for 14 hours . During thi process 
the diffraction patterns were recorded every three minutes 
using the one-dimensional position- ensitive detector. 

The diffraction patterns show that only the pure Nd2Fe 17 
phase is present at the beginning of the reaction. However an 
increase in the temperature results in the appearance of a 
new phase with slightly larger lattice parameters . From 
Rietveld refinement of the diffraction pattern this new phase 
was identified as Nd2Fe 17N2. 7±0.1 · 

The percentage of each phase (Nd2Fe 17 and 
Nd2Fe17N2_7) has been refined and is reported as a function 
of the time of reaction in Fig. 3. It should be noted that 
nothing happens upon raising the temperature from 350 K 
to 730 K (first hour of experiment). This is clear in Fig. 3 
where the amount of nitride at first remains close to 0, then, 
when a high enough temperature is reached, the reaction 
starts. 

This work has demonstrated that the nitrogenation 
process does not lead to intermediate nitride formation, since 
the 9e site is fully occupied in the nitride product. During the 
reaction, two phases are in equilibrium, the pure Nd2Fe17 
alloy and the Nd2Fe I 7N""3 nitride. Only the relative 
percentage of the phases vary with reaction time. 

Thermal dyotropic rearrangements in isodrin derivatives 

Exten ive kinetic studie have been made by NMR 
techniques of a thermal dyotropic rearrangement in a eries 
of isodrin derivative . This reaction , where i omer A 
rearranges to form isomer B by a 2H intramolecular transfer, 
is shown in Fig. 4. 

The e tudies have revealed a wide range of reaction 
rates as the substituents R are varied; the unimolecular rate 
con tant k I is reduced by a factor of 107 when substituents 
R = H are replaced by Cl. 

In some case it has been impos ible to isolate i omer A 
as the reaction proceed too rapidly to isomer B. However, 
as a result of the retarding effect of deuteration at ites 4 and 
9, single cry tats of i omer A, where R = Cl, have been 
obtained for the first time in deuterated form. 

A B 

Fig. 4: Thermal dyotropic rearrangement (2H intramolecular 
transfer) of isodrin derivative A to B. 
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To determine the accurate molecular structure of this 
compound in which the H positions are a crucial factor, 
a single-crystal neutron diffraction study of isomer A has 
been made using data measured at the HFBR, Brookhaven 
on the four-circle diffractometer on port H6M (A. = I .046 A, 
T = 15 K). Isomer A, shown in Fig. 5, crystallized in the 
space group P2 l 2 l 2 I with a = 8.664 A, b = 14.052 A, and 
c = 16.187 A. 4472 unique reflections were measured to a 
sin0/A. of 0.78 A-I. 

We now have accurate positional parameters for all 
atoms including the key deuterium atoms. This information, 
e pecially for the pairs of isomer A and B, is vital for 
understanding the relationship between the relatively small 
changes in the molecular structure and the rate of the 
rearrangement. It is also necessary for any comparison with 
theoretical calculations. 

As part of this study we have also been able to 
investigate the degree of deuteration at the substituted sites , 
which are indicated in Fig. 5. Our results are in close 
agreement with those from the NMR studies, since both 
methods show greater than 90 % substitution. 

Fig. 5: Structure of isomer A (R = Cl). Thermal ellipsoids drawn 
at 90% probability level f or all atoms ar 15K (ORTEP). 
Deuterated sires are shown as partially shaded. 

105~-------- ------------, 
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Fig. 6: Transverse angular scan around the (004 ) Bragg peak 
of a GaAs-surface grating. 
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Collaboration with the Universities of Durham and 
Bristol and with Brookhaven National Laboratory. 

Characterization of quantum well wires and surface 
gratings by X-ray diffraction reciprocal space mapping 

One tendency in present-day materials re earch is the 
increasing ability to construct solids in one, two or three 
dimension . Using semiconductor sy tern , quantum well 
wires (QWW) and quantum well dot (QWD) hold a great 
potential for understanding the basic physics of 
semiconductors as well as for the improvement of integrated 
optical devices. One approach con i t of post-growth 
patterning of quantum well materials, a econd one of its 
fabrication on patterned non-planar substrates (PS). 

The aim of our studies was to develop the method of 
X-ray diffraction a a powerful nonde tructive technique for 
the structural characterization of periodic patterned 
substrates and QWW. The QWW and PS represent artificial 
superlattices. The PS have a one-dimensional lateral 
superstructure forming a surface grating with periods 
between 0.2 and 1 nm. The QWW are epitaxial multilayered 
surface gratings and s how a two-dimen s ional 
superperiodicity . Thu longitudinal (Qz) truncation rods 
(TR) were measured near the Bragg positions of the 
modulated cry tal lattice. The transver al (Qx) position 
of the TR 's fulfil the grating equation. 

We combined the methods of Specular and on- pecular 
Reflection (XR) , conventional Triple Crystal Diffraction 
(TCD) and Grazing Incidence Diffraction (GID) to 
inve tigate the reciprocal space tructure arround the 
reciprocal lattice point of the ub trate ((000) by XR, (001) 
and (hkl) by TCD, (hkO) by GID, with hkl being the Miller 
indices). A typical diffraction pattern of a tran ver e can is 
hown in Fig . 6, obtained from a GaAs- urface grating . 

Tran ver e atellite occur around the sub trate Bragg peak 
(here 004) . The spacing between atellites is inver ely 
proportional to the grating period. Cro s patterns are formed 
by the longitudinal truncation rod of the e ateHite , centred 
on the ub trate reciprocal lattice points (Fig . 7 for a 
lnP-grating). Thi s c annot be explained by normal 
kinematical diffraction theory. It result from 
Umweganregung between the grating and the dynamicaHy 
diffracting substrate, since the grating acts s imultaneously as 
a reflection and a tran miss ion grating. For the quantitative 
interpretation a semidynamical treatment was developed 
ba ed on a Distorted Wave Approximation. In QWW 's the 
Qz truncation rod obtain additional longitudinal satellites, 
representing the superperiodicity in the growth direction. 

Crystallography and Magnetism 
A polarized neutron study of the magnetic form factors 
in CeFe2 

The magnetization di tribution in the ferromagnetic 
pha se of CeFe2 at I O K ha s been determined from a 
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Fig. 7: Counter plot of the reciprocal space mapping of a lnP 
swface grating in the vicinity o/(002) lnP. 

combination o f po lari ze d a nd unpol a rized ne ut ro n 
di ffraction measurements on a si ngle crysta l. The neutron 
resul ts confirm the theoretical prediction that the Ce atom in 
CeFe2 carries a magnetic moment, which is opposite to the 
Fe o ne. Th e mag ne t ic mo me nt o f th e Fe a toms is 
1.175( I 0) µB , rather smaller than the value 1.49 µB given by 
spin polarized band structure calcul ations. The value of the 
Ce moment cannot be uniquely determined wi thout making 
some assumption about the ratio of the numbers of 5d and 4f 
e lectrons contributing to its magneti zation. The assumption 
th at thi s rati o is 0 .75 , as g iv e n by the band struc ture 
calculations, leads to a total Ce moment of -0.14(3) µB of 
which -0.10(2) µB is due to 4f spin , 0.03 µB to 4f orbital 
mome nt and -0 .07 (2) µB to 5d spin . Th e ra ti o of th e 
4 f orbital to spin contributions agrees well with the band 
s tru c ture calculations a lthou gh the magnitudes of the 
measured moments are almost an order of magnitude smaller 
than those calculated. It seems that, as is the case for Laves 
phases of actinide compounds, the relativistic spin polarized 
band structure ca lculations correctl y predict the ratios of 
s pin to o rbita l mo me nt s o f Ce o r an ac tinid e, but 
systematically overestimate their absolute magnitudes. The 
magneti zation distribution around the Fe atoms dev iates 
sign ificantly fro m spher ical symmetry. The fo rm of the 
asy mm etry shows th at the e igenstates of the magne tic 
e lec trons are combinations of Eg and T2g- li ke fu ncti ons 
whic h give a density wi th max ima in d irec tions lyi ng 
betwee n th e nea r neig hbo ur bo nd s as i llu s tra ted 
schematicall y in Fig. 8. 
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Direct imaging of milli-Bohr magnetons densities in the 
"60 K" superconducting compound YBa2Cu3O6.52 

In co ntras t with the rathe r flat charac te r in the 
YB a2C u3O6.9 "90 K phase", th e mag net ic bul k 
s usceptibili ty meas ure d a t in te rm ed iate oxyge n 
concentrations e.g. in YBa2Cu3O6.5 shows an interesting 
thermal fea ture. Going down in temperature, the positive 
susceptibility dimin ishes slowl y, then bends upward and 
reaches a positive max imum before entering the Meissner 
superconducting state with its large negati ve values. 

The que tion then ari ses of the exac t ori gin fo r thi s 
the rm al bulk magnet ic feature. The magnet ic moments 
involved being very small , polarized neutron diffraction and 
its unique capability to produce an image in direct space of 
such a periodic density is the technique to use. 

In fac t, an ex tensive programme fo r measuring such 
magnetization density was started at the ILL on D3B a few 
years ago, using the 10 Tesla magnet and a YBaCuO single­
crystal sample grown by the MDN/CENG laboratory. When 
the ILL reactor shutdown occurred, it was very fortunate for 
thi s prog ramm e th a t th e DN 2 po lari zed ne utron 
di ffractometer was j ust being commiss ioned at Siloe, the 

maximum 
in aspherical 
density 

Fig . 8: Schematic representation of the icosahedron coordinating 
the iron atoms in CeFe2 . The directions in which the maxima in the 
spherical part of the magnetization density occur are indicated 
by the shaded areas. 
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other thermal neutron reactor in Grenoble. Therefore, by 
taking some of the ILL equipment to Siloe, it has been ~ 

possible to continue this interesting work. ~ 

The neutron flux is reduced by the power ratio of the two 
reactors, but this is somewhat compen ated by u ing longer 
measuring time and the progress made with the data 
reduction techniques. In particular, the Maximum Entropy 
Method turns out to be very useful for an optimal Fourier 
transformation of our inherently limited data. 

By measuring 14 Bragg reflections of the (h h I) 
reciprocal space section at 3 different temperatures we were 
able to compute directly the "most probable" magnetization 
maps in projection (Fig. 9) . They exhibit st rik ing 
differences. In Fig. I O we show more results of localized 
magnetic moments on Copper sites (Note that the scale is 
1 o-3 Bohr magnetons and the precision 10-4 Bohr 
magnetons !). 

Our present conclusions for these "60 K" 
superconducting compounds are the following: 

l) As in the "90 K" compound, there is evidence on the 
Cu2 site for complete quenching of the spin susceptibility at 
the transition temperature, the residual moment being 
attributed to orbital contribution. 

2) Unlike in "90 K" compounds the quenching seems to 
begin well above Tc. 

3) The moment measured at Cu I (chain sites) has a 
mixed Curie-Pauli paramagnetic behaviour which is not 
affected by the superconductivity. 

4) A sma ll magnetic moment shows up at low 
temperature on the apex oxygen. This may be a sign that this 
oxygen participates in the magnetic coupling in between the 
two kinds of copper atoms. At the same time the magnetic ~ 
moment on Cu I blows up and the superconducting ~ 

quenching on Cu2 spins becomes less. 

Chemical bonding and covalency in NiS04.6H20 
by measurement of charge and spin densities 

The experimental determination by X-ray diffraction of 
d-electron distributions around fir t-row transition metals 
has proven quite successful in recent years despite the 
experimental difficulties associated with the heavy atoms. It 
is also of interest to see if bonding features around light 
elements or molecules can still be observed in the presence 
of the much stronger scattering of metal atoms. If these 
include hydrogen , whose electron distribution is severely 
distorted by chemical bonding, the position and thermal 
displacement of its core must be obtained by (non polarized) 

Fig. 9: YBa2Cu3O6.s2-l 1 -1 OJ Projection of the induced magnetic 
density at three different temperatures. The applied field 
is 8.2 Tesla . 
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neutron diffraction . Complementary information regarding 
the distribution of the unpaired electrons of the metal atom 
and the covalent transfer to the ligands can be obtained from 
the spin density measured by polarized neutron diffraction. 
Only a few joint studies of charge and spin density have 
been made so far. One such study is for tetragonal 
NiSO4.6H2O where the X-ray data were collected at the 
University of Uppsala, the non-polarized neutron data at 
Studsvik and the ILL, and the polarized neutron data at the 
LLB and the ILL. 

The interpretation of electron deformation densities can 

be confused by partial overlap of the densities associated 
with neighbouring atoms and molecules. It was 
demonstrated that the effects of superposition may be 
removed by considering the individual densities derived 

from a fitted multi pole model. Analysis of the charge density 
for NiSO4.6H2O at 25 K and 295 K made in this manner 
showed that there is clear polarization of the water oxygen 
lone-pair densities according to the local coordination which 
ranges from trigonal to tetrahedral (Fig. 11 ). The internal 
consistency amongst the deformation densities of the water 
molecules is quite remarkable considering the dominant 
contribution by nickel to the observed X-ray intensities, and 
is due in part to the detem1ination by neutron diffraction of 

accurate structural parameters for the hydrogen atomic cores. 

At both temperatures the Ni2+ deformations were 

consistent with a t2g6eg2 electron configuration with the 

dxy, dxz and dyz orbitals fully occupied and the dx2-y2 and 
dz2 orbitals partially occupied, as expected from simple 
crystal-field theory for a weak octahedral ligand field. 
However there were differences observed between the 
deformations at the two temperatures (Fig. 12a and b) , 
which are postulated to be due to a real change in the 
relative occupations of the partially-filled electronic levels; 
indeed, an estimation from these observations of the change 

in occupations agrees with magnetization measurements of 
the splitting of the two uppermost energy levels. If correct, 

this is the first time such an effect has been observed by 
diffraction methods. 

The spin density was determined at 1.5 K using data 

from both NiSO4.6H2O and NiSO4.6D2O to maximize the 
number of independent data. Joint analysis of the charge and 
spin densities to extract orbital populations is in progress, 
but already a preliminary analysis of the spin density has 
shown good qualitative agreement with the charge density 
study, with the unpaired electrons of Ni2+ being mainly in 

the dx2-y2 and dz2 orbitals (Fig. 12c). In addition some 
covalent transfer to the water oxygen atoms is suggested. 

Similar ex periments on other compounds in the series 
MIISO4.6H2O are currently underway to study the bonding 
deformations of the different 3d electron configurations. 
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Fig. 10: YBa2Cu3O6 .52-A thermal plot of the induced magnetic 
moments on the two different copper sites: Cu I ( chains) 
and Cu2(planes). 

Ni(6H20)2+ in Tetragonal NiS04.6H20 

Charge Deformation Density at 25K 

Fig. I I: The charge deformation density of the Ni(6H2OJ2+ ion 
of tetragonal NiSO4.6H2O at 25 K. This is the difference between 
the model that includes multipolarfunctions centred on each atom 
and the model based on purely spherical atoms. 
The lighter contours envelope regions of electron excess compared 
to the spherical model , the darker contours regions of electron 
deficiency. Differences in the lone-pair distributions of the O atoms 
according to their coordination are clearly visible, as is the 
t2/e/ electron configuration of the Ni atom. 
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(a) (b) (c) 

Fig . /2 : Charge and spin deformation densities around the 
Ni atom in tetragonal NiSO4.6H2O: a) charge density al 295K; 
b) charge density at 25K; c) spin density at 1.5K. The differences 
between the charge densities al 295 Kand 25 K are allributed 
to changes in the occupation of the uppermost 3d electronic levels. 

Phases of magnetic structure factors 
of non-centrosymmetric magnetized crystals 

Detennination of the spin den ity from the flipping ratios 
of the polarized neutron diffraction experiment on tetragonal 

iS04.6H20 was complicated by the lack of a centre of 
symmetry. Thi wa circumvented by fitting a multipole 
model for the spin density , imilar to that used for the 
analy i of the charge density , to the ob erved flipping 
ratio . In this compound there wa little doubt as to the 
initial model. It wa realized however that the two 
component of the complex magnetic tructure factor could 
be derived directly from the ob erved flipping ratio by 
modifying the experimental technique to give two or more 
independent observations for each magnetic structure factor. 

In its simplest form the flipping ratio for a 
non-centrosymmetric structure i 

where AM and BM are the real and imaginary 
components of the unknown magnetic structure factor FM, 
AN and BN the real and imaginary component of the 
known nuclear tructure factor. I otope exchange of one or 
more element in the compound will change the nuclear 
structure factor but usually not the magnetic structure factor 
(to within a cale factor in the magnetization). Measurement 
of the flipping ratio for the same reflection from samples 
with different i otope content will thu give independent 
ob ervation which can be solved for AM and BM. 

The expre sion for R corre pond to a circle in the 
complex plane, and gives a graphical construction (Fig. 13) 
which is very similar to that used in the multiple 
isomorphous replacement method of macromolecular 
cry tallography. Isotopic replacement is the most precise 
method , but even simple reorientation of the crystal or 
measurement of equivalent reflection to change some 
geometrical cofactors omitted from the above expression for 
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R can give AM and BM independently. Variation of the 
nuclear polarization of selected e lements cou ld a lso be 
exploited for some compounds, which has the advantage that 
only one sample i u ed. 

The validity of some of these methods was demonstrated 
using the experimental flipping ratio data for NiS04.6H20 
and iS04.6D20. In this case experimental determination 
of AM and BM independently was unnece ary for the study 
of the spin di tribution, but the technique could find 
application in the determination of the complex magnetic 
structure factors of other non-centrosymmetric tructure . 

Magnetic phases of erbium in a c-axis field 

The discovery in the mid-eighties of long-period 
commensurate magnetic structure in holmium and erbium 
rekindled intense interest in the magnetic structure and 
excitations of these and other heavy rare earth metals. The 
existence of these long-period pha es i due to competition 
between the exchange interaction which favour imple 
incommensurate ordering and the crystal field interaction 
which favours formation of commen urable structures. 
Application of a magnetic field alters the balance between 
these interactions producing modification of the zero-field 
tructures , and even completely new types of magnetic 

order, such as the helifan observed in holmium when the 
field is applied along the easy b-axis. 

-8.0 

I 
8.0 

-8.0 

R = 2.00 

R 

8.0 

Fig. 13: The graphical solution f or the complex magnetic structure 
from the observed.flipping ratios f or the same reflection from 
crystals with differe/l/ isotopic composition. Here AN/ = BN J = I . 
Rt= 2.0; AN2 = 0.5 , BN2 = -1.5, R2 = 2.41 . The more likely 
solution for FM is indicated. Rand I are the real and imaginary 
axes respectively of the complex structure fa ctor plane. The two 
sets of axes are offset so that the heads of FN/ and FN2 coincide. 
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In the case of erbium even the zero-field structures were 
not clearly understood until a recent comprehensive study by 
Cowley and Jensen showed that the cycloidal phase 
purported to exist between 54 K and 18 K possesses an 
oscillatory component perpendicular to the plane of the 
cycloid, and that its existence requires a magnetic interaction 
which distinguishes between the two lattice sites in the 
chemical unit cell. Their model has now pointed to detailed 
solutions to the structures of erbium in a c-axis field , from 
measurements performed comparatively recently on DI 0. 
These have allowed further detail to be added to the phase 
diagram (Fig. 14). 

New re sults were firstly that in addition to the 
longitudinal modulation along c, the high temperature phase 
of erbium in a c-axis field has a small basal plane moment, 
probably helically ordered, with a different modulation 
vector to the longitudinal component. Secondly the most 
noticeable effect of applying a field is that the temperature 
intervals over which the wavevector of the cycloidal phase is 
commensurate are enhanced at the expense of those over 
which it is incommensurate. The oscillatory component 
perpendicular to the a-c cycloidal plane is still present but 
application of a field does reduce its moment, as well as the 
basal-plane component of the cycloid, relative to their values 
in zero field. Finally applying a field enhances the stability 
of the commensurate and incommensurate cone phases at the 
expense of the longitudinal and cycloidal phases, although 
details of the phase diagram at high field and low 
temperature are still uncertain. 

Extinction in holmium around the 19 K 
magnetic transition 

Holmium undergoes around 19 K a first order magnetic 
transition from an incommensurate phase (high temperature) 
to the 1/6 conical (low temperature) phase . Neutron 
diffraction experiments on high purity single crystals reveal 
presence of strong extinction in the purely nuclear 002 
reflection as well as in both of the magnetic 002±1: satellites. 
Results of detailed investigations performed on S20 imply 
that reduction in reflectivity is more severe for the satellites 
than for the nuclear reflection . Furthermore there is an 
appreciable reduction of the satellite intensities in the high­
temperature phase as compared to the low-temperature one 
(Fig. 15) while they have nearly the same structure factor. 
It is concluded that the magnetic ordering is considerably 
more perfect than the underlying nuclear lattice. The 
itinerancy of the polarized conduction electrons is thought to 
be responsible for this phenomenon as a result of their weak 
interaction with the nuclear lattice. In particular the spin slip 
structure of the incommensurate phase may easily 
accommodate local defects in the magnetic order (keep 
constant the average tum angle) by introducing or removing 
spin slips. On the other hand the confines of a fixed wave 
vector in the 1/6 state will force the local propagation vector 
to follow more closely the crystal lattice. The fact that no 
change in intensity of the purely nuclear 002 reflection can 
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Fig. 14: Magnetic phase diagram of erbium in a c-axisfield. 
Solid lines separate the main phases; dashed lines separate similar 
commensurate and incommensurate phases. 
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Fig. 15: The temperature variation of the ratio of the integrated 
inlensities of the satellite 002 - T to the reflection 002 as function 
of temperature and neutron wavelength; the lines represent a joint 
fit by the RED extinction model. 

be observed around the magnetic transition provides another 
argument for the autonomy of the magnetic system. In the 
immediate vicinity of the transition temperature ( 19 K) a 
considerable increase in satellite intensity is observed that 
can be attributed to local disorder or phase coexistence as 
the overall topology of the chirality domains does not 
change. Standard extinction models were tried to describe 
this behaviour. Only the Random Elastic Deformation 
(RED) model provides a consistent interpretation over the 
complete temperature range (Fig. 15) in terms of a varying 
mean strain gradient which in the present case refers to the 
spin tum angle rather than to the atomic displacement. Its 



COLLEGE 5 

increase (5 x) in the transition region permits us to draw a 
picture of phase coexistence with propagation vectors { 
fluctuating continuously both in space and time between the ,.-----...----- - --~-----:;,i 
values corresponding to the two neighbouring phases. 

The low temperature antiferromagnetic structure 
of Mn5Si3 revised in the light of neutron polarimetry 

The magnetic structures which were previously proposed 
for the low-temperature antiferromagnetic phase of the 
intermetallic compound Mn5Si3 have been revised to take 
into account the results of neutron polarimetry in addition to 
unpolarized neutron single-crystal integrated intensity 
measurements . At 4.2 K the commensurate magnetic unit 
cell is orthorhombic with a= 6.889 A, b = 11.901 A and 
c = 4.805 A and is related to the hexagonal cell of the 
paramagnetic phase by a = a, b = a✓3, c = c. The hexagonal 
cell contains 4 Mn I, 6 Mn2 and 6 Si atoms . The total 
absence of magnetic scattering in the ortho-hexagonal hO l 
reflections shows that the moments of two of the six 
sublattices of Mn2 atoms must have zero ordered moment. 
The polarimetric results impose additional constraints on 
possible models for the magnetic structure. (a) There are 
components of moment in all three principal directions. (b) 
The magnetic symmetry is monoclinic and non ­
centrosymmetric. (c) The moments on the two Mn2 
su b lattices which carry moment are approximately 
perpendicular to one another. These constraints allowed a 
complete model of the magnetic structure to be refined 
which gave excellent agreement with both the polarimetric 
and integrated intensity measurements. ln this final 
structure, which is illustrated in Fig. 16 the Mn I atoms have 
moments of 1.20(5) µB inclined parallel and antiparallel to 
the direction given in spherical polar coordinates by 
0 = 116(1)0 , <j> = l05(1)0 . (0 is measured from [O O l] and <1> 

from [0 I 0]). One third of the Mn2 atoms carry no moment, 
one third have moments of 2.30(9) µB at ± [0 = 70(1 )0 , 

<j> = 93(1 ) 0 ] and the remainder have 1.85(9) µB 
at ± [0 = 21 (I ) 0 , <j> = 11 (7) 0 ]. The structure is, perhaps 
surprisingly, rather complex and contains a variety of 
different Mn moments arranged in a highly non-collinear 
manner. The non collinearity of the Mn2 moments and the 
absence of moment on one third of them may be interpreted 
as the response to frustration in the puckered ring of ix Mn2 
atoms. The low moment found for Mn I is probably due to 
the close proximity of its two Mn l ndghbours (2.4 A), since 
such small distances between Mn atoms are known to lead to 
instability of the moment. The difference between the 
moments on the crystallographically equivalent Mn2 sites 
must be due to the fact that their magnetic moments have 
different orientations with respect to the crystal field of the 
coordinating Si atoms. Thus, though complex, thi new 
structure can be understood in terms of the physics already 
used to describe other antiferromagnetic intermetallic 
compounds containing manganese. 

Magnetic ordering of TiFe2 

The compound TiFe2 crystallizes in the C I 4 hexagonal 
Laves phase MgZn2-type structure (P63/mmc) in which the 
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Fig . /6 : The low temperature antiferromagnetic structure 
ofMn5Si3. 
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Ti atoms occupy a single crystallographic site (4f), whereas 
there are two non-equivalent sites type (2a) and (6h) for the 
Fe atoms which are labelled Fel and Fe2 respectively. TiFe2 
exhibits an antiferromagnetic transition below TN = 280 K. 
Neutron diffraction experiments on a single crystal were 
made using the D 15 diffractometer and the D3 
diffractometer for polarized neutrons. 

The positions of the magnetic peaks observed in both the 
powder and ingle-crystal diffraction measurements put 
severe constrain on the possible magnetic structure . Firstly 
the magnetic cell is the same as the crystallographic one 
hence the magnetic propagation vector k = (0, 0, 0). Next the 
presence of the 11 I reflection indicates that the glide plane 
perpendicular to [ I l 0] rever e the spin direction. Finally 
the ab ence of the 00 I and 003 reflections suggest that the 
spin direction is along the c-axis. The only structure which 
retains hexagonal symmetry and which is consistent with 
these observations i that in which the moments of Fe2 
atoms in the same layer (z = 1/4) are ferromagnetically 
aligned while the magnetic coupling between adjacent layer 
is antiferromagnetic (Fig. 17). The resultant molecular field 
at the Fe I atoms is zero as it lies midway between two 
antiferromagnetically coupled planes on a centre of 
symmetry which is associated with time reversal. Under 
the e circumstances the Fe I atoms can have no ordered 
moment. 

On the other hand , the magnetic cattering by the 
magnetization induced by the applied field in the polarized 
neutron diffraction experiment wa com pared with that 
calculated for a simple model consisting of superposition of 
spherical magnetization distributions as calculated for the 
Fe2+ free ion centred at the iron sites. The magnitudes of the 
moments associated with Fel and Fe2 sites in this model 
were obtained from least-squares fits of the calculated 
structure factors to the observations. For the two orientations 
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i.e. the applied field parallel and perpendicular to the c-axis, 
the susceptibilities of the two si tes were found to be 
approximately equal, but the absolute value of the moment 
induced , by the applied field of 4.6 T for the c-axis 
orientation (0.008(2) µB/atom) was ten times smaller 
than that with the c-axis perpendicular to the field 
(0.095(5) µB/atom ). 

The lack of an ordered moment on the Fe I atoms, as in 
some RMn2 Laves phases compounds, is a common feature 
in frustrated magnetic structures in which there are sites at 
which the magnetic symmetry imposes zero molecular field . 
In TiFe2 the fact that a site with no ordered moment persists 
down to low temperature suggests that the Fe moment also is 
near to instability in this compound. The Fe I atom would 
then be non-magnetic rather than magnetically di sordered. 
Such an assumption leads to a consistent interpretation 
of the induced moments obtained from the polarized 
neutron measurements. 

Antiferromagnetic ordering in PrC02P2 and NdC02P2 

Because of the great variety of poss ible elements in the 
ThCr2Si2-type structure more than 500 different compounds 
of thi s type are known already. Some of these exhibit 
unusual physical properties s uch as superconductivity , 
valence fluctuation s, local and itinerant mag neti sm. 
Systematic investigations of the magnetic properties of the 
ternary phosphides were started much later. 

In the series LnNi2P2 and LnFe2P2 (Ln = lanthanoides) 
the tran s ition metal atoms carry no ordered magnetic 
moments , whereas ferromagnetic or antiferromagnetic order 
was observed for the compounds LnC02P2. Magnetic 
susceptibility measurements indicated antiferromagnetic 
order of the cobalt moments at TN = 304 K and TN = 309 K 
for the praseodymium and the neodymium compounds , 
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Fig. 17: Magnetic structure ofTiFe2. Only Fe atoms are shown. 
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Fig. 18: Magnetic structures of PrC02 P2 (a) and NdC02P2 (b). 

respectively. A second Neel temperature TN = I 9 K was 
found for PrC02P2, which was ascribed to the magnetic 
order of the praseodymium moments. For NdC02P2 the 
magnetic susceptibility was found to behave anomalously at 
low temperatures. 

The magnetic stuctures of the compounds PrC02P2 and 
NdC02P2 were investigated at different temperatures by 
neutron powder diffractometry on the instruments DI A, 
O2B and D20. In agreement with the magnetic susceptibility 
data the magnetic moments of both the praseodymium and 
the cobalt atoms of PrC02P2 were found to order 
antiferromagnetically with different well defined Nee l 
temperatures. The praseodymium sublattice propagates with 
k = (0, 0, I) and the cobalt one with k = (0, 0, 1/2) (Fig. 18). 
In contrast, for NdC02P2 only one propagation vector 
k = (0, 0, 1/2) was found for the Nd and Co sublattices , 
indicating that the Nd moment is induced gradually at lower 
temperatures. In thi s case the magnetic order of the Nd 
moment has no well defined Neel temperature, as was 
shown by measuring the temperature dependence of the 
intensity of the magnetic reflection I 0 1/2. For PrC02P2 the 
inten s ity of the magnetic reflection I 0 0 va ni shed 
completely above 20 K. 

The magnetic moments of the cobalt atom s of both 
compounds were ordered ferromagnetically within the basal 
plane of the tetragonal structure and parallel to the c-axis 
with the stacking sequence + + - - along this axis direction 
(Fig. 18). For the moment of the Pr atoms the order is again 



COLLEGE 5 

ferromagnetic within the basal planes but with the stacking 
sequence + - + -. In the magnetic stucture of the Nd 
sublattice no magnetic order (0) was found for every second 
basal plane; the stacking sequence is of the type O - 0 +. 
At low temperatures the magnetic moment of the cobalt 
atoms was found to be about µexp = 0.9 µB in both 
compounds. The experimental moments of the Ln atoms 
were µexp = 3.08(2) µB for the praseodymium atoms and 
µexp = 2.78(6) µB for the neodymium atoms, somewhat 
smaller than the theoretical values of the free 
Ln3+ ion µ5 = 3.20 µBand µ5 = 3.27 µB , respectively. 

Using a dilution refrigerator with the instrument D20 a 
neutron diffraction pattern of NdC02P2 was measured at 
0.134 K. A change of the antiferromagnetic order to a 
ferromagnetic one, which was expected from our 
susceptibility measurements, was not found. Nevertheless 
such a transition may occur at finite applied magnetic fields 
as indicated by the field dependence of the magnetic 
susceptibility observed below I 5 K. For PrC02P2 a field 
dependence of the magnetic susceptibility was observed 
below the Neel temperature TN = 19 K. 

Magnetic structure of HozBaNi05 

Powder neutron diffraction measurements were 
performed on the compound Ho2BaNi05 using the DI B 
diffractometer. Ho2BaNi05 has an orthorhombic structure 
(Space group Immm , a = 3.764 A, b = 5 .761 A, 
c = 11.336 A) , in which flattened Ni06 octahedra form 
vertex-sharing chains along the a-axis. 

Three Dimensional Antiferromagnetic Ordering (3D-AF) 
is observed for both Ho and Ni sublattices at relatively high 
ordering temperature (TN = 53 K). Rare earth magnetic 
moments in oxides usually order at much lower 
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Fig. 19: Temperature dependence of the angle 0' (0' is defined 
as the angle between the Ni magnetic moment and the {0 0 -I J 
direction). 
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temperatures. The magnetic peaks have been indexed 
within a commensurate lattice with a propagation vector 
k = (1/2, 0, 1/2). The best magnetic model has been found 
when the relationship between the two Ho magnetic 
moments of the primitive cell is S2x = S Ix, S2y = S J y = 0, 
and S2z = S 1 z· The Ni magnetic moment lies also in the 
a-c plane. In this case the two basis vectors are directly 
the Sx and S2 components of the magnetic moment because 
the primitive cell has only one Ni atom. 

At 1.5 K the value of the Ho moment is 9.0 µB close to 
the free ion value (10 µB) , and is almost fully aligned 
parallel to the c-axis. This indicates that the single-ion 
anisotropy of Ho3+ in these compounds is clearly directed 
along the c-axis. The direction of the Ho moments remains 
nearly aligned along the c-axis i.e. perpendicular to the 
chains. However the direction of the Ni moments forms an 
angle 0 = 154° with the c -axis. Fig . 19 shows the 
temperature dependence of 0' = 0 - I 80°. We observe that 
close to TN the Ni sublattice starts to be ordered with the 
magnetic moments pointing mainly along the Ni06 (a-axis). 
At lower temperature, the Ni moments start to rotate toward 
the c-axis , forced by the combination of the increasing 
ordered moment on the Ho site, the exchange JNi-Ho and the 
anisotropy of the Ho3+ due to the crystal field. Around 
33 K, the Ni moment is almost aligned along the c-axis with 
a small component parallel to the a-axis (Fig. 20) 

In the case of Er2BaNi05 the directions of the Er and Ni 
moments are almost parallel to the chains (a- axi s). This 
reflects the effects of the magnetic anisotropy of the two rare 
earth ions. 

The magnetic structure of PrBazCu306+8 

When Pr is substituted into the high-Tc superconductor 
YBa2Cu307 the transition temperature Tc is found to 
decrease with increasing dopant concentration , and the 
superconductivity is entirely suppressed at 50 % 
substitution. This behaviour is not observed with any other 
rare earth dopants. It is important for the understanding 
of the origin of high-Tc superconductivity to know why 
Pr destroys the superconductivity. Evidence from crystal 
field excitations and magnetization measurements supports a 
possible explanation of this behaviour due to a magnetic 
interaction between the magnetic moment on the Pr atom 
and the electrons at the Fermi surface on the Cu-0 planes. 

In order to help correlate the mechanism of the magnetic 
exchange with high-Tc superconductivity an experiment was 
performed on a single crystal of PrBa2Cu306+8 on T AS3 
at Ristj), Denmark. 

Initial measurements on the crystal, with a low oxygen 
concentration, revealed magnetic reflections of a h/2 h/2 
I type with an initial ordering above room temperature. This 
can be attributed to the antiferromagnetic ordering of the Cu 
spins within the plane whilst the Cu spins in the chains 
remain disordered. 
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Fig. 20: Magnetic structure of Ho2BaNiO5_ 

A second ordering occurs at 40 K, with the appearance of 
h/2 h/2 1/2 type reflections and a decrease of the h/2 h/2 1 
type reflections. A simple model, with the additional 
ordering of the Cu spins on the chain sites coupled 
antiferromagnetically with the Cu plane spins, fai ls to 
describe the relative intensities of the peaks. In addition the 
presence of a 1/2 1/2 0 reflection, not allowed in the simple 
model, seems to indicate a more complex ordering involving 
the Pr spins. 

Further measurements on the crystal, with a higher 
oxygen concentration, showed a lowering of the second 
ordering transition to 13 K. Future measurements on the 
fully oxygenated crystal will help achieve a full 
understanding of the magnetic ordering and the effect of 
oxygen concentration. 

Magnetic behaviour of Pr2Ni04 

Neutron diffraction measurements on a single crystal of 
Pr2NiO4 show a similar structural behaviour to La2NiO4 
and Nd2NiO4. Going from high to low temperature, these 
compounds undergo two structural phase transitions, at high 
temperature the structure changes from tetragonal 14/mmm 
(HIT) to orthorhombic Bmab (L TO). At low temperature a 
second phase transition to tetragonal P42/ncm (L TI) occurs. 

The magnetic behaviour of praseodymium nickelate is 
al so similar to th a t of La2NiO4 and Nd2NiO4 in the 
temperature range from 325 K to the L TO-L TI transition at 
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117 K. Nevertheless , for lower temperatures the observed 
magnetic behaviour of Pr2NiO4 turns out to be different and 
more complicated. The temperature dependence of the 
integrated intensity of the main magnetic Bragg reflections 
is shown in Fig. 21. 

As shown from neutron powder diffraction data , the 
nickel moments order antiferromagnetically (AF) at 
TNt ""'325 Kin a gx-mode. Since the orthorhombic structure 
is derived from a high-temperature tetragonal 14/mmm 
phase, two crystallographic twins exist. The small intensity 
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Fig. 2 1: Temperature dependence of the 1 1 0, 0 I 0, 0 l 1 
and l 0 l magnetic reflections for Pr2NiO4 showing the structural 
phase transition at Tc 1 = 11 7 K (vertical solid line) 
and the magnetic phase transf ormation al TN2 = 90 K 
(ver/ical dashed line) . The lines are guides to 1he eye. 
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observed for the I O 1 reflection, forbidden in a gx-mode, 
originates from the second twin of the O I I magnetic 
reflection. 

Due to the structural phase transformation at 
Tei = 117 K, the magnetic modes gx and cyfz are mixed. 
As a consequence of the average tetragonal cry tal structure, 
it i difficult to determine the magnetic symmetry of the Ni 
sublattice, even using single-crystal diffraction. Either 
tetragonal P42/nc'm' (gx+cyfz), which implies that the in­
plane component of the spin is aJong [ I I OJ for z = 0 and 
along [ I - I OJ for z = 1/2, or multidomain orthorhombic 
Pc'c ' n (gxcyf z) with magnetic moments mainly along the 
x-direction. In the temperature range between Tct = 117 K 
and TN2 = 90 K there i a spin reorientation proces from 
gx to gxcy (or gx+Cy)-

At TN2 = 90 K a magnetic phase transition takes place 
from the gxcyf z magnetic structure to cxgyaz. The phase 
transition is specially apparent from the sudden decrease in 
the intensity of the O I I and I O I reflections and a sudden 
upward j ump in the intensity of the O 1 0 and I O 0 
reflections. The low temperature magnetic structure has an 
AF out-of-plane component (az), similar to that observed in 
La2CuO4. This is seen from the intensity of the I I O Bragg 
reflection. For T > Tc I this reflection is forbidden, while it 
has nuclear and magnetic contributions below Tc I· 
The nuclear contribution is represented by the horizontal 
dashed line in Fig. 21. On ly below 90 K does the I I 0 
intensity increase. 

At low temperature the Pr sublattice i ordered within the 
same irreducible representation as the Ni sublattice. Thi 
means that the coup ling between both sublattices is 
responsible for the global magnetic moment configuration. 
The data obtained suggest that there is an ordered magnetic 
moment in Pr sites below Tc I = 117 K. However, its 
amp litude is very smal l and difficult to estimate. The 
ordered moment becomes significant below 40 K, where a 
change in the slope of the I I O reflect ion is observed, 
as ociated with the growing of the AF out -of-p lane 
component in the Pr sublattice. The magnetic moment of 
Pr at 15 K is much smaller than that expected for a free 
Pr3+ ion. All these observations indicate that the Pr ordered 
magnetic moments are induced by the local exchange field 
coming from the Ni sublattice. 

College secretaries: M. Reehuis (Sa) 
B. Ouladdiaf (Sb) 
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The structural chemistry of non-rigid molecules 

T. Vogt 

Introduction 

Non-rigid molecules have been a challenge to the 
structural chemist due to the structural disorder they 
reveal as a consequence of their fluctuational behaviour. 
Probed with standard diffraction techniques this leads in 
general to a structure with high symmetry in the high­
temperature phase as a result of the time-averaging of 
various competing structural arrangements with rather 
low energy barriers between them. This can be the result 
of a "floppy architecture" with a Jot of rotationaJ and 
orientational degrees of freedom among the structural 
sub-units (e.g. methyl or amino groups) or because the 
coordinational topology can manifest itself in two or 
more coordination polyhedra with rather low energy 
barriers between them. 

An example of the first case is the diamminehydrogen 
ion N2D7+, where two ammonia molecules are 
connected via a proton. The freezing-out of the 
orientational disorder of the ion, the rotation of the 
ammonia molecules and the appearance of a hydrogen 
bond network when cooling this ion in the N2D7I saJt are 
re ponsible for the different solid state phases observed. 

The second case is represented by the onJy two stable 
binary hepta-coordinated molecules IF7 and ReF7. The 
structural arrangement of these compounds in the solid 
state has been a longstanding problem in solid state 
chemistry. Predictions of the molecular geometry on the 
basis of the Valence Shell Electron Pair Repulsion­
theory [lJ are known to be rigorou ly correct up to hexa­
coordination and independent of the force law. This no 
longer holds for heptacoordination, where assuming a 
simple variable force law of r-n show that for soft 
repulsions (n = I) the pentagonaJ bipyramid (symmetry 
Dsh), for stronger repulsions amongst the ligands 
(2 < n < 5.6) a C2 geometry and for very hard repulsions 
the mono-capped octahedron (symmetry C3v) are the 
most stable molecular geometries respectively. Thus an 
increase of the repulsive interactions amongst the ligands 
("hardening") leads to the puckering of the pentagonal 
ring of the pentagonal bipyramid which then leads to an 
axial bending. However, the energy difference between 
these different coordination polyhedra are roughly the 
amount it takes to deform an octahedron by one degree. 
These predictions have been made on the basis of some 
rather crude assumptions e.g. ignoring attractive forces 
and placing the Ligands on a sphere implying equivalent 
bond distances. It is therefore of considerable interest to 
understand how nature deals with the problem of 
heptacoordination. It was only recen tly that neutron 
powder diffraction could shed ome light onto the e 
questions. 
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The diamminehydrogen ion N2D7+ 

Proton tran fer along hydrogen bond is an important 
process in biological and chemical y tern . There has been 
con iderable theoretical interest in model ystems of the 
type: H3O+-HzO, NH4+- HzO, NH4+-NH3 and other . 
The diaquahydrogen ion OzH5+ i known to exi t in the 
crystalline state and ha been characterized structurally. 
The isoelectronic NzH7+ ion was known to exi tin the gas 
pha e revealing a [NH3-H······· ·NH3]+ topology. 

High-re olution neutron powder diffraction u ing 
D2B could not only show that this cation exist in the 
solid tate but also reveal the "freezing-out" of variou 
internal motion s when cooling, and its ub equent 
di tortion (2, 3). Be ides that , by comparing the 
deuterated and hydrogenated compound an intere ting 
difference in the pha e behaviour was found. 

Both compounds N2H7I and N2D7I crystallize at 
room temperature in a cubic phase. Thi cubic phase i 
the con equence of an orientational di order of the 
cation: it centre of gravity is located in the middle of a 
cube of iodine atoms . The N-N axis is tati tically 
equally orientated along the three cubic axes and the 
terminal hydrogen (deuterium) atoms are di ordered 
around each N-N axis (Fig. la) . 

The molecule now undergoe different tran ition 
when cooling down depending on whether the 
hydrogenated or deuterated cation is present. In the 
hydrogenated ea e a tetragonal phase is observed at 
220 K followed by an orthorhombic phase at 202 K, 
whera the deuterated compound already undergoes a 
tran ition to an orthorhombic pha e when cooling to 
260 K. Both compounds tran form into a monoclinic 
low-temperature form at around 155 K. The tructure of 
the orthorhombic phase was determined from high­
re olution neutron powder diffraction data. 

On cooling down the three-dimensional disorder of 
the N-N axis along the three cubic axes is reduced to a 
two-dimensional disorder leading to the contraction of 
the axi along which the molecule is no longer 

Fig. la . Group-subgroup relations of the phases N2H7IIN2D7I . 

( 1) N--N axis disordered in three dimensions. 
H atoms disordered. 

(2) a'= b'"' a cubic, c'"' a rnbic, 

N--N axis disordered in two dimensions. H atoms disordered. 
(3) a"= b" = ✓2a•, c" = 2c'. N--N axis ordered. 

H atoms still disordered, origin shifted to O 1 /2 0. 
(4) a"' "' a", b"'"' b"( a"' °I' b"'), c"' "' c" . Terminal H atoms 

ordered, bridging H atoms disordered, cation on 2/m. 
(5) arv "' a"', bfV"' b"', ctv "' c"'. Terminal H atoms ordered, 

bridging H atom disordered, cation 011 7. 
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t [001] 

[110] [1 l O] 

Fig. 1 b. Orientation of the N2D7'+ -cations in the iodine 
"cubes" of the orthorhombic phase. One D atom of each 
terminal ND3 group forms a strong linear hydrogen bond to an 
iodine atom, the other two D atoms point approximately to the 
middle of the edges of the cubes (bifurcated hydrogen bond). 

disordered. The reduction of orientational disorder leads 
to larger N-N distance (2.81(1) A) than observed in the 
disordered cubic phase (2.52( 4) A). 

The temperature dependent powder diffraction 
patterns show that on transforming into the orthorhombic 
phase the diffuse scattering due to the rotational di order 
of the terminal deuterium atoms spinning around the 
N-N axis vanishes. The "freezing-out" of this rotational 
disorder leads to the appearance of hydrogen bonds 
between the e terminal hydrogens and the surrounding 
iodine atoms. A close examination of the tructure 
revealed that one D-1 distance (2. 78(2) A) was 
significantly shorter than the other two (3.03(3) A and 
3.17(4) A). This is the result of an almost linear 
hydrogen bond of the type N-D··· ·· ··I. The other N-D 
bonds point between two iodines qualifying them as 
bifurcated hydrogen bonds (Fig. lb). The cell distortion 
when going from the cubic to the orthorhombic cell 
show that the cell constant b along which the trong 
linear hydrogen bonds are orientated is shorter than a. 
The formation of one stronger and two weaker hydrogen 
bonds explains this distortion. In the tetragonal 
hydrogenated phase the terminal hydrogen atom are still 
spinning around the N-N axis as in the cubic pha e, 
hence no hydrogen bond network is formed which can 
induce an orthorhombic distortion. Fig. 1 a shows the 
group-subgroup relations of the N2D71/N2H7l phases. 
The tetragonal structure is only found in N2H7l the 
Pm3m and Pean tructures are found for both N2D?I and 
N2H7l. 
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The bepta-coordinated molecules ReF7 and IF7 

The only two stable binary hepta-coordinated 
molecular compounds are the two heptafluorides ReF7 
and IF7. Both crystallize in a high-temperature cubic 
phase in which the molecules have a high degree of 
dynamical disorder. Thi shows in their 19F-NMR 
pectra with only one line and the fact that they undergo 

phase transitions at much lower temperatures than the 
corresponding hexafluorides (e.g. ReF6 at 277 K, ReF7 
at 151 K). Ga -pha e electron diffraction data were 
interpreted on the basis of a pseudorotational mechanism 
(4) where the molecules transform between different 
configurations leading to a dynamical exchange of the 
ligands making them indi tinguishable. This led to the 
expres ion "jelly-fi h molecule" for ReF7 and IF7. On 
cooling one expect that this dynamical di order 
diminishes by freezing-out various motions and thus one 
or many phase transitions may occur. 

One of the first questions to be asked was: how many 
solid state phases exist? In the case of IF7 it was known 
from earlier work [5] that at least two phases exist: a 
body-centred cubic pha e (space group Im3m) between 
the melting point at 278 K and 153 K where a transition 
to an A-centred orthorhombic phase occurs. Weulersse et 
al. [6] claimed to have found evidence for two further 
olid to olid tran itions using 19p_ and 127i_ NMR and 

NQR: a cubic to cubic transition at 180 K and a 
transition to an unknown pha e at 96 K. We investigated 
the solid state phases of IF7 down to 1.5 K using the 
high-intensity low-resolution diffractometer DIB. 

At a first glance (Fig. 2a) it seems to agree with the 
ob ervations of Weulersse et al. (6). One observes the 
body-centred cubic phase, then at 180 K additional peak 
appear where Weulersse et al. [6] observed a small 
di continuity in the fluorine longitudinal relaxation time, 
below 150 K the known A-centred orthorhombic phase 
exists which tran form below 100 K into an unknown 
phase. However, it was impossible to index the pha e 
below 180 K and one can ee that the reflection of thi 
phase persi t down to l.5 K. It became clear very soon 
that what was po tulated to be a econd cubic pha e wa 
actually SiF4, which ha a melting point of 183 K and 
tern from the catalytic reactions of IF7 with tiny 

amounts of water present in the silica-glass tubes used. 

Thus IF7 has three solid state phases down to l.5 K: a 
body-centred cubic phase, an A-centred orthorhombic 
pha e and a primitive orthorhombic phase [7] . In the 
high temperature phase the molecules are disordered 
along the axes of a cubic cell , even though the molecule 
itself ha a lower ymmetry than the cubic symmetry Oh. 

The A-centred orthorhombic phase till reveal 
orientational disorder: the equatorial fluorines form a 
toroidal di tribution and the atomic displacement 
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parameters indicate large-amplitude librati.ons (Fig. 2b). 
The large molecular motions still present in this phase do 
not allow us to claim a deviation from the Dsh 
symmetry. An orientational ordering might be the cause 
for the symmetry decrease and anisotropic contraction of 
the unit celJ in the primitive orthorhombic unit cell. 
A definitive answer to this problem can still not be given. 

The inve tigations of the solid state phases of ReF7 
cooling down to 1.5 K showed what we fir t thought to 
be three phases : a high - temperature cubic phase 
isostructural to the one observed with IF7, a first phase 
transition at 139 K ( 162 K on heating) and a second at 
129 K (154 on heating). The low-temperature phase at 
1.5 K has a triclinic unit cell and the molecular geometry 
shows the features of a "frozen-out" pseudorotation: the 
puckering of the ring and the axial bending distort the 
pentagonal bipyramid. As one approaches the transition 
towards the orientationally disordered cubic phase more 
and more large scale molecular librations and 
pseudorotations are present, leading to polyhedral 
isomerization since the energy difference between the 
possible polyhedra becomes smaller and smaller. 
A structural refinement at 151 K, in the region thought to 
be a separate phase still gave the best results when using 
a triclinic unjt-cell and a molecular geometry without 
symmetry, even though the deviations from a monoclinic 
cell are very small. The large dynamic disorder leads to 
large atomic displacement parameters which do not 
allow "clear-cut" solutions regarding molecular 
symmetry from time-averaged diffraction data. 

Neutron powder diffraction, however, provided 
crucial structural insight and information concerning 
heptacoordination which is the basis for any further 
experimental and theoretical work probing the dynarrucs 
of these "floppy" molecules. 

,.._ phase II+~ phase 111 

,.._ phase I + ~ phase II 
,.._ m.pt . of SiF, 

30 40 50 60 70 80 
20/ 0 

Fig. 2a. Temperature dependent diffraction pattern of IF7 
revealing SiF4 peaks which have been attributed to a "second 
cubic phase". 
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Fig. 2b. Thermal ellipsoids of 50 % probability show the 
disorder of the IF7 molecule in the A-centred orthorhombic 
phase. The equatorial flu orine atoms f orm a torodial 
distribution of the scattering density perpendicular to the plane 
containing the two axial flu orine atoms. 
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Introduction 
The ILL has entered a period that fall between two 

peak of cientific activity. On the one hand, one sees results 
issuing from the la t serie of experiments performed at the 
HFBR and on the other, first results from experiment 
performed at other neutron cattering institutes. In the 
following, one finds a mixture of contribution from ILL 
scientist and external u er of the institute that fall into both 
categorie . Although the topic covered span a variety of 
interests within the college, a key area of study continue to 
be concerned with relaxation proce e and molecular 
motions in glass-forming systems. Among t the mo t recent 
scientific activity of the college, one finds a new, curious 
and technologically interesting cla s of materials: the o­
called quasi-crystals. Some examples of the structure and 
dynamics of these novel materials are described by 
M. Boudard and co-workers in the Box 2 College 4. In 1992, 
one could say that the significant handicap caused by the 
los of the HFBR has not immediately thwarted scientific 
life in the college. In the near future, however, we ha ll 
probably follow college activity a much through external 
reports a through our own. 

Scientific Trends and Highlights in 1992 
Physics of glass-forming systems 

It i widely recognized that the a relaxation of most 
gla e cannot be de cribed by a Debye behavior in time, 
(that i , an exponential decay). In tead, the intermediate 
canering function (ISF) is more commonly de cribed by a 
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Kohlrausch Williams Watts (KWW) "stretched exponential" 
behavior on the microscopie time scale, i.e., 

I(Q,t)ocexp-(t/'Cww)P 

where P<l. This function leads to scattering law , 
S(Q,w), which cannot be described analytically. The analysis 
of the scattering law is often tackled by expressing S(Q,ro) in 
terms of the imaginary part of the Havriliak-Negami (HN) 
relaxation function and relating empirica ll y the HN 
parameters a, y and 'CHN with the KWW parameters P and 
'Cww (Alvarez, Alegria and Colmenero). This lead to an 
expression of the form 

S(Q,ro)oc(l/ro) Im{ (1 +[imHN(Q,T)]CX)- Y} 

where a and y (0< a, y < I) are "shape parameter , " 'CHN 
the characteristic relaxation time and T i the temperature. 

Recent quasi-elastic neutron scattering mea urement on 
IN I O and IN 13 from three glass forming polymers -
poly(vinyl methyl ether) (PVME), poly(v inyl chloride) 
(PVC) and poly(bisphenol A, 2-hydroxypropylether) 
(PH) (Colmenero, Alegria, Arbe and Frick) confirm that the 
dynamic of the a relaxation in these g lasses exhibits a 
stretched exponential behavior on a microscopie time cale. 
Furthermore the Q-dependent part of the characteri tic 
relaxation time can be de cribed by a power law (fig. I), i.e. , 

-r(Q)ocQ-n 

where the value of n depends on the ample. Therefore 
the ISF may be rewritten 

I(Q,t)=exp(-CtPQnP) 

where C is determined only by the temperature. It turns 
out that the product nP is always close to 2 over what is a 
large range in the power exponent n (Table I). These 
ob ervations therefore indicate that the time and spatial 
behaviors of the a relaxation are directly correlated. 
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Fig. I : r(Q) master plot f or the three systems im•estigated. 
The solid lines are linear regression fits showing the power law 
Q-dependence of the relaxation times. 
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Incoherent inelastic neutron scattering measurements 
on the polymer glass , polyisobutylene (repeat group 
-CH2-C(CH3)2-) using IN6 and INIO (Frick and Richter), 
show that, with increasing temperature near the gla s 
transition, a low frequency feature appears below an energy 
transfer of about 2 meV (fig. 2). Although this observation is 
not new (see previous annual reports), it appears that, for the 
first time, this dynamical component is inelastic . 
Polyisobutylene differs from most of the previously studied 
gla ses in that it i the least fragile polymer gla s known to 
date, i.e., it doe not show the same extreme Vogel-Fulcher 
behavior of the shear viscosity as fragile glasses do. The 
inelastic character of the additional fast dynamical proces 
appearing near T g practically excludes an explanation within 
the mode coupling theory, i.e. , as a ~-relaxation, but rather 

Polymer a. y ~ ~* n n~ 

PYME 0.68 0.65 0.44±0.02 0.44 3.8±0.4 1.7±0.3 

PH 0.76 0.42 0.40±0.02 0.44 4.6±0.4 1.8±0.3 

PVC 0.47 0.38 0.23±0.03 0.21-0.27 9.5±1.0 2.2±0.5 

Table I : Parameters characterizing the non-Debye behavior 
(a and yor /3) and the Q behavior (n) of the a relaxation obtained 
from neutron scattering measurements. /3* refers co f3 values 
obtained from relaxation techniques. 

5,--------------------, 
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Fig . 2: The temperature dependence of the 2 meV feature 
in polyisobutylene near the glass transition temperature. 
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suggests a change of the vibrational properties around T g· 
It is sti ll an open question as to whether this observation can 
be generali zed for glasses which tend to be less fragile. 
However , it is known that 's trong ' or network gla ses 
(like amorphous silica) show inelastic relaxation features 
even at temperatures well below T g (Buchenau et al.) . The 
low temperature inelastic excitation and its shift to lower 
frequencies just below T g has been tentatively associated 
with backbone torsional oscillations which are restricted in 
the glas between loci of strong sterical hindrance. The shift 
to lower frequencies occur due the increasing separation 
of the e loci a the temperature increases above T g· 

The low-frequency dynamics of glassy methanol has 
been investigated by inelasti c neutron scattering (IN6) a 
well as by computer molecular dynamics (MD) simulation 
(Bermejo , Alonso, Criado, Mompean , Martinez, Garcia­
Hernandez and Chahid). The mode assignments have been 
carried out using neutron data from the polycrystal a well as 
by analysis of the density of states (DOS ), obtained from 
a lattice dynamic (LD) calculation. A well-resolved peak, 
not present in the polycrystalline reference state, i ob erved 
for the glassy pha e at an energy transfer of about 2 meV. 
A compari on of the measured densities of states with those 
calculated from the MD simulations has highlighted the 
collective tran lational nature of the excitations leading to 
such well-defined features in the spectra of the gla s. It was 
also found that the prese nce of such a peak is a direct 
consequence of the existence of 'excess' modes in the DOS 
of the glass (fig. 3). This becomes clear by comparison of 
the experimental and calculated spectra for the glass and 
polycrystal phases. From the temperature dependence of the 
inelastic intensities, the harmonic character of these 'excess' 
modes has been substantiated. Furthermore, by comparing 
the results from MD and experiment, this excess DOS in the 
glassy phase is found to be responsible for the noticeable 
bump in the Cv T-3 curve which seems to be a universal 
signature of the glassy state. 
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Fig. 3: A comparison of the low frequency tails of the vibrational 
densities of states for glassy (T = 35. 60 , 85 and I I OK) 
and polycrystalline (T=f35K) methanol. The enhancement 
in the DOS of the glassy samples is clearly demonstrated. 
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In very concentrated aqueous electrolyte solutions, 
the competition between dipolar and ionic forces (and most 
of the sys tem properties) are finely monitored by the 
concentration. For LiCI.RHzO (R being the number 
of water molecule s per mole of sa lt ), two domain s 
of concentration exist even around hydration numbers R=6 
and R=4 which can be reversibly undercooled from the 
liquid to the glassy state. At other concentrations, for R<l2, 
metastability is achieved only in a restricted temperature 
range. For example for R=5, when warming up a sample 
initially quenched in liquid 2, the pentahydrate is formed at 
a temperature above 171 K and it decomposes above the 
peritectic temperature T p-205 K. A detailed characterization 
of the metastable state uch as that of LiCl.6H20 down to the 
gla s transition is thus important. Inelastic neutron scattering 
re sult s have been obtained on both the collective and 
individual atomic motions (Prevel , Jal, Dupuy , Chieux, 
Dianoux and Legrand). Neutron spin echo measurements 
(IN I I) of the structural relaxation have revealed that the 
temperature dependence of the response follows a scaling 
relation and that a transition occurs near the peritectic 
temperature of the pentahydrate (as confirmed by viscosity 
measurements). Measurements of the vibrational dynamics 
using 1N6 have shown that bending and stretching motions 
exist in the supercooled meta table tale up to the liquid 
phase with a clear increa e in th e multiplicity of the 
microscopic configurations at T p· The se lf and collective 
motions of the solvent water molecules were studied using 
f 5 by incoherent and coherent quasi-elastic scattering 
respectively (D2O being the solvent in the latter case). 
A combined analysis of the coherent and incoherent 
scattering revealed a hydrodynamic coupling in the diffusion 
resulting in a departure from Fick's law behavior. 

Incoherent neutron scattering measurements have been 
performed on the model glass system ortho-terphenyl 
(OTP), both in its supercooled liquid (v i cous) state and in 
its glassy state. In the viscous regime, the intermediate 
scattering function (ISF) has been obtained over three 
decades in time by combining results from fN6, INS and 
IN 13 (Wuttke, Kiebel , Bartsch, Fujara, Petry and Sillescu) 
(fig. 4). A cross-over from a to~ relaxation processes in the 
supercooled liquid i predicted by mode coupling theory 
(MCT) at a critical temperature, Tc , which lies above the 
glass transition temperature, T g. The solid lines in fig. 4 
represen t fits of the scaling law predicted within the 
framework of MCT for temperatures above Tc. These fits 
de cribe well the !SF in the time range I < t(ps) < 100 and 
the fit parameters reproduc e c lo se ly the previou sly 
established value of Tc. Deep in the g lassy state (typically 
below 245 K) , all relaxations are frozen leaving only the 
harmonic phonons. With increasing temperature, the 
structural relaxations s tart to contribute in increas in g 
measure to the low frequency part of the density of states. 
This is clearly demonstrated in fig. 5 by the increasingly 
non-Debye low frequency spectrum with increasing 
temperature. 

68 

1.0 
~IN6--. ,I( 

IN5 > 

0.5 
-= (a) c, 

Q= 1.2A-1 

0.0 

0.5 

(b) 

0.0 Q= 1.6A- 1 

0.5 

0.0 Q=2.0A·1 

0.1 10 100 
t (psec) 

□ T=293K ◊ T=306K o T=320K 

■ T=298K ♦ T=3 12K • T=298K 

Fig. 4: The intermediate scattering law for o-rerphenyl for three 
different values of Q as a June/ion of temperarure. The solid lines 
are fits of the scaling fun ction predicted hy mode coupling rheory 
for remperatures a/Jove Tc. The measuring ranges of the three 
instruments used are indicated in the top figure. 

Magnetic dynamics of disordered phases of oxygen 

Liquid and plastic crystal phases of oxygen have been 
studied by high-resolution inelastic neutron scattering using 
fN6 (C hahid , Bermejo, Enciso, Garcia-Hernandez and 
Martinez). Fig. 6 shows a representative set of experimental 
spectra for the low temperature liquid. The broad quasi ­
elastic components can be considered to be a clear signature 
of a magnetic effect. Otherwise , the magnitude of the 
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re l evant tran sport coe ffi c ient s deriv ed from uch a 
broadening w ould have to be se t at leas t on e order o f 
m ag nitude l ar ge r th an th e va lue obt ained by o th er 
techniques. The separation of the magnetic response from 
th e total cro ss-section s wa ac hi eved by means o f a 
computer mo lecular dy nami c simul ati on enab ling an 
estimation of the magnetic spectra l weight functions. This 
separation has proven to be consistent with the findings of 
pol arized neutron diffraction and the large di fferences (more 
than o ne ord er of m ag nitud e) betwee n th e transport 
coef fic ients of structural origin (se lf-diffu ion and rotation) 
and th ose rel ated to th e pin have enabl ed a safe 
di sc rimin ati o n o f bo th co mponent . Th e mag neti c 
contribution was assumed to have a lineshape characteristi c 
of a mono-dimensional Hei senberg paramagnet and the 
second and fourth moments we re ex trac ted from th e 
analy is. For both plastic and liqu id phases, it was found that 
the second moments in the low Q region fo llow a behav ior 
w hi c h see m to be c lose r to a OQ 3/2 l aw (w hi ch 
ch aracteri zes an antiferromagnetic coupling mechanism) 
than to a DQ2 law, relevant for ·imple diffusion. A s far as 
the atomic dynamics are concerned, a remarkable similarity 
ha been found between both di sordered phase g iv ing 
further support to the hypothesis of parall el arrangements 
also taking place in the liquid on short time scales. 

A milestone in structure factor measurements 

In the l a t few years, accurate measurements of the 
density dependence of the structure factoF-S(Q) of gaseous 
36Ar have given a direct access to the pair potenti al and 
three-body effects (Fredrikze, Yan Tricht, Yan Well , Magli , 
Chieux and Barocchi). An effecti ve two-b dy potential for 
liquid Gallium ha also been obtained using the Reatto 
inver ion scheme (Belli ssent-Funel , Chieux, Levesque and 
Weis) . Recent neutron di f fraction measurement of S(Q) for 
liquid Kr on 0 4 8 have show n th at th e ex perim ental 
preci ion i. now uffic iently high to test di fferent models of 
atomic interac ti ons in a class ica l dense flui d (Barocc hi , 
Chieux, M agli , Reatto and Tau). Fig. 7 compares S(Q) at 
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T= 169 K and atomi c densi t y n= 14.57 nm -3 w ith th e 
theoreti ca l results obtained using the hypernetted chain 
equation (MH C) ex tended to include th ree-body forces. On 
th e sca le o f th e f i gure. th e m eas ured S(Q) i barel y 
distinguishable from the calculated one which refers to the 
A ziz model of the pair potential u2 and the A xilrod-Teller­
Muto trip o le-dipo l e interac ti o n u3. Th e ag reement 
~S(Q)=Sexp(Q)-SMHNc(Q) is below 0.03 for all Q and for 
Q>80 nm- I it i w ithin experimental noise. An equi va lent 
agreement i obtained for g(r) (see fig. 8(a)) whereas the plot 
of ~ g( r)=gex p(r)-gMHNc(r) (fi g. 8( b)) indi ca tes small 
additi o nal forces of many -bod y character whi ch are 
repulsive at small range and attracti ve otherwise. It i clear 
from fi g. 8(b) that the Lenard-Jones interaction doe. not give 
an accurate representation of correlations in dense K r. The e 
studie provide a good illustrat ion of the level of accuracy of 
both MHNC and of that achieved nowadays by experiment. 

Fast ion conductor 

Structu ra l di sorder in the superionic conductors AgBr, 
Agl and CuBr has been stud ied on 0 20 by maki ng total 
scattering mea urements (that i both Bragg and diffuse 
scattering) from powder sample ( ield . Keen, Hayes and 
McGreevy). Such experiments are considerabl y simpler than 
conventional ingle crystal . tudies of di ffuse scattering and 
yet reverse Monte Carlo (RM C) modeling of the accura te 
structure fac tors ob tained can give remarkably de tai led 
in formation on mechani. ms of structura l disordering and 
fas t ion conduction. In the case of AgBr measurement. have 
been made to within 0.5 K of the melting point and it has 
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been found that the enhanced ionic conductivity at such 
temperatures is not indicative of 'pre-melting' behavior, but 
rather of a diffuse transition to a fast ion conducting phase 
which is 'interrupted ' by the melting transition. In a-AgI, no 
evidence has been found to support the order-disorder 
transition that has been proposed on the basis of Raman and 
Brillouin scattering results. In CuBr, the y, ~ and a phases 
have been studied (fig. 9). The Cu density distribution can 
be used to determine, under certain assumptions, the energy 
barrier to cationic conduction and this correlates well with 
recent conductivity and diffusion measurements. 

Self diffusion in metals 

Self-diffusion in BCC metals exhibits a strongly non­
uniform behavior. For example, at one half of the melting 
point, the diffusivities of the different elements vary by up to 
8 orders of magnitude and the Arrhenius representation of 
the diffusion coefficient D(T) is remarkably curved for the 
fastest diffusing elements. Niobium self diffuses at a rate 
which is intermediate between the fast diffusing group IV 
metals and slow diffusing group VI metals (see contribution 
by W. Petry, college fV section). Furthermore, the Arrhenius 
plot shows a slight but distinct upward curvature. In order to 
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Fig 7: Detail of H(Q) = [S(Q)- 1}/n at T=l69 Kand n= 14.57 nm3 
in the small and large Q range. The full curve is the result 
of the triplet MHNC equation with the Aziz pair interaction 
plus the three-body ATM term. The value at Q=0 was obtained 
from compressibility data . 
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understand these properties, the phonon dispersion of Nb 
was measured at various temperatures up to 2223 K using 
the IN3 spectrometer at the ILL, HB 1 at the HFR in Petten, 
Netherlands and DNI at the Siloe reactor (CENG, France) 
(Gi.ithoff, Trampenau and Petry). The evaluation of the 
complete phonon dispersion allows the migration enthalpy to 
be calculated at the measured temperatures (Schober, Petry 
and Trampenau). These calculations showed that the 
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Fig . 9: Corrected and normalized structure factors f or CuBr 
at 780, 750 ,730,700, 670 , 630 , 610 and 293 K. Successive 
temperatures are displaced by 1.0 on the F(Q) scale. 
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migration enthalpy increases with increasing temperature up 
to a maximum value around 1500 K and then decreases again 
at higher temperatures (see inset fig. I 0). It is found that this 
strong non-linear temperature behavior reproduces well the 
observed curvature in the Arrhenius plot (fig. 10). These 
measurements complete a program of high temperature 
experiments on transition metals which aim to clarify the 
reasons behind their anomalous diffusion behavior. 

Certain intermetallic phases with D03 structure 
exhibit an anomalous fast self-diffusion. A series of quasi­
elastic neutron scattering measurements were performed 
using IN I O in order to study the diffusion mechanism in 
Ni3Sb. Astonishingly, these measurements have shown that 
the quasi-elastic line broadening is approximately 
Q-independent. An effort was made to interpret these results 
in terms of several plausible jump diffusion model s , 
however these proved unsuccessful in producing a 
conclusive picture of the actual diffusion process. As a first 
step in obtaining a more fundamental understanding of the 
fast diffusion (i.e., to study not only the jump mechanism 
but to gain some insight into the reasons behind the high 
mobility), the lattice dynamics of Ni3Sb have also to be 
considered. Therefore a serie s of phonon dispersion 
measurements were performed on 3-axis spectrometers at 
Saphir (PSl,Switzerland), at Siloe (CENG, France) and at 
Orphee (LLB , France) . The resulting phonon dispersion 
curve is depicted in fig . I I. The most striking features are 
the two low-frequency acoustic branches in the [l;l;0] and 
[l;l;I;] directions. Besides their low frequency , they exhibit a 
strongly damped behavior. The longitudinal phonon [l;l;I;] 
opens the migration barrier for nearest-neighbor jumps 
whereas the transverse TI 1/2[ 110] phonon partly opens the 
"window" for the next nearest-neighbor jumps. From these 
res ults, it has been possible to deduce the particular 
directions in which the potential barriers are low . 
The situation resembles very much that of the pure BCC 
metals (see above). 
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"Neutron Scattering from Liquids" 
held September 15- 18, 1992 in Giardini axo (Ital y) 

Thi s work shop wa the 7th Topi ca l M eeting of the 
Liquids Section from the Conden ed M atter Di vision of 
th e Euro pean Ph ys i ca l Socie ty. T he Direc tor we re 
J. Teixei ra (L aboratoire Leon-Bri llouin, Saclay, France), 
A.J . Dianoux (In titut Laue-Langev in , Grenoble, France) 
and F. Wanderlingh (Uni versity of Me sina, Italy). The 
Organi zing Committee was compo ed of R. Giordano 
(Univer ity of Me sina, Italy) and J.C. Leicknam (University 
Paris VI , France). 

The aim of the workshop was to highlight the capabilitie 
and development of neutron cattering techniques in the 
study of liquid s. Both the struct ure and dynamics of 
molecul ar liquid fall we ll inside the neutron w indow 
o f obse rva ti on. Compl ex liquid and more generall y 
" oft matter" have been studied wi th in the same general 
framework . Thi meeting wa intended to present recent 
a pec ts of liquid research using the method of neutron 
scattering in both their theoreticaJ and experimental aspect . 
An important factor wa to timulate the contacts between 
sc ienti t interested in molecular liquids, co lloids, glasses, 
proteins in solution and other non-organi zed material . 

Th e wo rk shop took pl ace in th e beauti ful resort of 
Giardini axos near Messina (Sicily) at the Hotel Ramada 
which offered superb accommodation as regards both the 
roo m and th e conference hall. There was a slight 
di sappointment from the mall number of parti cipant 
(- 40), half from Italy, and the other half from France, 
Germ any, Spain , Sweden and USA . Po sible reasons, 
beside the high travel co ts, could have come from the 
technica l character of the topi cs and from the fact th at 
several meetings on liquids took pl ace during the same 
month. evertheless it was a live ly meeting, with a lot of 
di scuss ions among the participants. An account of the 
presentations by the invited speakers is given below. 

The first lecture was given by P. Chieux (ILL, Grenoble) 
who communicated to the audience his enthusia m for very 
preci e tructure factor determination . He noted that with 
the improvements in dedica ted spec trometer at L arge 
Facilitie , more compli ca ted sy tern s or more prec ise 
ques tion have been tackled by accurate tructure fac tor 
measurement . He gave the example of the in trument 0 4 at 
the ILL where the improvement in data acquisition rate has 
been a factor of I 000 over the pa t 19 year . He has plans to 
gain another factor of I 0. He then gave ome example 
whi ch illu strate th e po wer of th e neut ro n ca tter ing 
technique in the determination of interaction potentials in 
imple sy tern s, of intrarnolecular structure, of local order 

and partial structure factors. He stres ed that the isotopic 
substitution method in neutron sca ttering reveals a much 
better contrast (~ I O time ) than the anomalous disper ·ion 
meth od u. i ng X -rays from a sy nchrotron ource. 

72 

Furthermore thi s las t technique is limited to atoms with 
Z ~ 30 in order to obtain a max imum range of Q > 8 A- I . 
In this field, he sees the future more in combined structure 
fac tor mea urements by X -ray and neutron sca ttering. 
Furthermore th e recent progress in th e simul ation of 
di ordered set of atoms and molecules opens the field to 
more elaborate que tion and more accurate experimental 
analy e . 

The econd lec ture by G . T arj u ( L aboratoire de 
Phy ique Theorique des Liquides, Paris) wa on the theory 
and imulation of inelastic neutron cattering from liquid 
water. Thi theory allow a disentanglement of the quantum 
degrees of freedom , assoc iated with th e fast intern al 
vibration , from the quas i-c la ica l deg rees of freedom, 
corre ponding to the rotational-tran lational motion of the 
molecule . The new imulation result give good agreement 
at high frequency (= 450 meY ) w ith neutron ca ttering 
pectra from liquid water at a pulsed ource. 

P. Migliardo (Dipartimento di Fisica, Messina) presented 
the influence of the H-bond connecti vity on the dynamical 
properti es of hydrogen-bonded liquids. The use of several 
spectroscopi c techniques (Neutron and li ght cattering. 
Infrared and dielectric studie ) had hed light on the role 
pl ayed by H-bond for molecule · like alcohol and water. 
Specifically when this class of liquids is confined in a very 
mall pace (as in rever ed micelles), or is allowed to diffu e 

near charged urfaces (a in biologica l macromolecule or 
membranes), or is diluted in an inert ol vent (like alcohols in 
CCl4), the limitations of the H-bond interaction change 
dra ti ca lly its dynamical properti es. A compari son with 
Mol ec ular Dyn ami cs res ults and a critic al revi ew of 
available models ended this pre entation. 

F. Barocchi (Dipartimento di Fisica, Fi renze) gave a 
detailed di scuss ion of the dynamic structure factor in 
monoatomic fluids. He howed how the new low-angle 
fac ility on the spectrometer I 5 at the ILL has opened up 
new po ss ibilitie fo r stud y ing th e tran sition from 
hydrodynamic to kinetic theory in compressed monoatomic 
gases. One can thus work in a density range where one feels 
the influence of the potential, contrary to the situation in the 
hydrodynamic regime. A an example, neutron cattering 
experiment and molecular dynamic simulation , performed 
in a wide range of densities in Argon, were compared with 
light scattering re ults and pre ently available theorie . 

F.J . Bermejo (lnstituto de E tructura de la M ateri a -
CSIC, M adrid) reported on the short wavelength density 
oscillation in molecular liquid and glasses. He explained 
that several features which do not appear in simple liqu ids 
are important here: the short range ani otropy, the long 
range interac tion s (beyond neare t neighbours) and the 
complex glass tran ition behaviour. He then gave example. 
of three classes of molecular liquids: a quantum liquid (D2}, 
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a Lennard-Jones liquid (CCl4) and a glass-forming liquid 
(CD 3OD). He highlighted the role of molecular dynamics 
simu lation in the interpretation of experimental data. 

W. Doster (Physik-Department, Mtinchen) pre ented the 
liquid aspects of protein internal motions. The role of 
structura l disorder and flexibility on biological function of 
proteins has gained interest in recent years. This structural 
disorder is apparent in the trong diffu e scattering which is 
observed adjacent to the Bragg peaks in X-ray or neutron 
diffraction experiment . The structural fluctuations of 
myoglobin, in a wide temperature range, have been studied 
by neutron scattering using time-of- fli ght and backscattering 
spectroscopy. The interpretat ion of the data was based on 
temperature dependent molecular dynamics imulations and, 
qualitatively, by comparison with ome predictions of the 
mode coupling theory of supercooled liquids. 

U. Bu henau, ([nstitut ftir Festkorperfor chung, Jiilich) 
went deep into th e und ersta ndin g of th e vibrational 
propertie of undercooled liquid . He began by describing 
the soft potential model, an extension of the tunnelling 
model. w hic h is ab l e to exp l ain th e soft vibrational, 
tunnelling and relaxational modes in g l a es. The 
implications of this model for undercooled liquids has been 
investigated and it i s argued that th e fast picosecond 
relaxation is due to th e e modes and their damping . 
Dr. Buchenau then made an extensive compari on of this soft 
potential model with current theories of undercooled liquids. 

The mode coupling theory of the glass tran ition has was 
presented by F. Fujara ( lnstitut ftir Physikali sche Chemie, 
Mainz) who recalled that the main prediction of this theory 
is the exi tence of a dynamic instability of the upercooled 
liquid at a temperature Tc well above the glass transition 

temperature T g· He th en described the experiment 
performed at the ILL on the van der W aa l s liquid 
orthoterphenyl which support the mode coupling theory, at 
least qualitatively. Some recent NMR experimen ts on the 
same sample also agree with the idea of a change in the 
mechani m of diffusion at Tc, from liquid to solid - like 
dynamics. 

The last invited lecture was given by S.H. Chen (MIT, 
Cambridge, USA) on the determination of 3-D 
microstructures of bicontinuou microemul ions by 
combined SANS experi ments and simulation s. Th ese 
microemul ions can be characterized by two length scale , 
the average inter-domain di tance between two water or oil 
domains and the di sorder parameter which measures the 
polydi per ity of the domain size . The new simulation 
scheme, which contains three length scales, generates 3-D 
micro tructures fully consistent with scattering data. The 
physical meaning of these three length cales, in comparison 
with the previous model, ha been discussed. It seems that 
the third length scale (- 10 times shorter than the other two) 
is related to the local curvature of the film. 
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The invited lectures and contributed paper will be 
published in a special issue of the Journal of M olecular 
Structure. 

The organizers acknowledge the generous support they 
have received from the Dipartimento di Fisica (Un iversi ta 
di Messina), the Regione Siciliana, the Universita degli 
Studi di Messina, the Laboratoire Leon-Brillouin (France), 
the Institut Laue-Langevin and CNRS (France). 

A.J. Dianoux 
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Workshop on Methods in the Determination 
of Partial Structure Factors of Disordered 
Matter with Neutron and Anomalous 
X-ray Diffraction 

Partial structure factors are among the most detailed 
pieces of information one can get on the structure of 
disordered matter. As they can successfully be determined 
only at intense neutron and continuous X-ray sources, an 
ILL/ESRF workshop was organized at the ILL on September 
I 0th and 11 th, 1992, in collaboration with the CNRS in 
Grenoble in order to discuss different methods and their 
limitations used in the determination of PSF on both sources. 

Even though the dense programme of the two-day 
workshop did not allow all topics of interest to be included, 
the organizers tried to include the largest part of all relevant 
methods. The workshop was scheduled as the third satellite 
meeting of the International Conference on Liquid and 
Amorphous Metals (LAM8 Vienna) and attracted about 
65 scientists from 12 different countries, among them a large 
number of the world specialists in this field . 

After a challenging introductory talk on "PSF in the 
nineties" by P.A. Egelstaff, where he outlined the rather 
different two particle correlations one has to deal with in 
condensed matter, methods related to neutron scattering 
were discussed. J.E. Enderby, the former British director of 
the ILL, presented the isotopic substitution technique in 
liquids and glasses, and P. Gaskell discussed the application 
of the first and second order difference method applied to 
the investigation of short and medium range order in glasses. 
M. Maret demonstrated the success of careful isomorphous 
substitution in recent years, especially in the case of 
icosahedral and decagonal alloys, and R. Sinclair convinced 
the auditorium of the profitable application of anomalous 
neutron diffraction in the determination of PSF for quite a 
number of nuclei with low lying resonances at epithermal 
neutron sources and with the much improved 
instrumentation available nowadays. E.W. Fisher discussed 
the decisive increase of information obtained from isotopic 
substitution in polymers and mixtures of them in SANS 
experiments and H. Bertagnolli gave a comparison of results 
obtained by isotopic substitution in neutron diffraction and 
by anomalous synchrotron radiation scattering for the 
structure of molecular liquids. 

An introduction to anomalous diffraction with 
synchrotron radiation, the experiments and the difficult data 
treatment was given by A. Bienenstock, and this discussion 
was continued by A. Raoux on the determination of 
differential structure factors and the accuracy of the data 
obtained with the same method. The much more detai led 
information gained by anomalous small angle X-ray 
scattering (ASAXS) experiments compared to conventional 
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SAXS techniques was presented by 0. Lyon , and 
Y. Babanov defended a new regularization method and the 
systematic selection of compatible data sets obtained by 
different experimental techniques such as X-ray and neutron 
diffraction, EXAFS etc. 

The combination of different radiations in order to 
change the cross-sections of the atoms in the same sample 
was outlined by G. Palinkas in its application to organic 
liquids, R.L. McGreevy discussed the results obtainable and 
the Limitations of the analysis of PSF by the Reverse Monte 
Carlo techniques, and J. Hafner surprised the audience with 
new developments in the determination of static and 
dynamic PSF in computer simulations of liquids and glasses. 

Nearly all of these invited review talks were seconded by 
one or two contributions where most recent results were 
discussed in the light of new developments in the methods 
applied to the determination of PSF, and an extended poster 
session gave the opportunity to present and discuss work 
in progress. 

The discussions during and after the talks, in the coffee 
breaks and during the poster sessions were very lively and 
sometimes antithetical, the most experienced scientists often 
also being the most critical ones. Thus the workshop profited 
strongly from the presence of so distinguished experts in 
the field . 

The workshop ended with a very complete comparison 
of the diffractometers which will be available at the restart 
of the HFR for PSF determinations, given by P. Chieux, 
a presentation of the new Oed-detector for D20 (microstrip 
technique) by P. Convert, and a visit of the storage ring and 
the experimental hall of the ESRF guided by A. Kvick and 
C. Riekel. A very optimistic workshop summary was given 
by P.A. Egelstaff, who also provided the audience (and the 
proceedings) with a "translation kit" concerning different 
nomenclatures for the same topic by neutron and X-ray 
scatterers, in order to promote the discussion between the 
two PSF communities, - which obviously enjoyed meeting 
for the first time to discuss this topic of common interest. 

J.-B . Suck 
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Terminal Stability of Crystals: Supersaturated Solid 
Solutions as an Example 

Jens-Boie Suck 

W. Kauzmann first realized that according to the 
shape of the curves describing the dependence of the 
entropy of a supercooled liquid and of the corresponding 
crystalline phase on temperature, there is an isentropic 
point T l at low temperature (Fig. 1) below which the 
entropy of the supercooled liquid would be smaller than 
that of the ordered crystal (Kauzmann paradox) [1] . He 
argued that this intersection of the two entropy curves 
represents the terminal temperature for supercooling and 
that therefore the liquid must freeze to a solid, most 
likely in a catastrophic process. 

The inverse problem was recently discussed by 
W.L. Johnson and H.J. Pecht (2] who, on the basis of 
their calculations of the temperature dependence of the 
entropy of liquid and crystalline Al, proposed a terminal 
stability point for crystalline lattices at the upper 
isentropic temperature, T ms (Fig. 1), above which the 
entropy of the ordered crystal becomes larger than that 
of the disordered liquid and which therefore sets a 
definite limit to superheating (and supersaturation). At 
Tms the crystal has to transform to a disordered state, a 
liquid or an amorphous solid depending on T ms > T g or 
T ms < T g, where T g is the effective glass transition 
temperature. 

Subsequently, J .L. Tallon has argued [3] that the 
isentropic temperatures T g8 and T ms are in fact the 
extreme limits for the existence of a supercooled liquid 
and of a crystalline lattice, respectively, but that there 
exists a hierarchy of catastrophes for both phases for 
T gs < T < T ms which represent a succession of stability 
limits at which the systems will transform before they 
reach the isentropic temperatures. In particular he 
modified the melting condition of Born [4] in such a way 
that the instability limit of the lattice against shear forces 
is reached when the mole-volume of the crystal has 
become equal to that of the liquid at its freezing point. 

From these different possible transitions between 
equilibrium and non-equilibrium states, those from a 
metastable or unstable crystal to a metastable 
amorphous solid are of special interest at present, as this 
transition is intimately related to the process of 
(spontaneous) solid state amorphization (and of melting), 
which are not very well understood up to now . 
A decrease in the shear sound velocity during progressive 
disordering of a Zr3Al film and in the sudden transition 
to the amorphous solid has in fact been observed by L.E. 
Rehn and collaborators [5] in Brillouin light scattering 
experiments, i.e. in the long wavelength limit. 

Several neutron inelastic scattering (NIS) 
experiments have been performed recently on 
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supersaturated fee-Al 100-x Six [6] and fee-Al 100-xGex 
[7] solid solutions in order to study the role of the lattice 
dynamics when approaching the disordering transition. 
In the following the most recent results obtained with 
rapidly quenched Al 100-x Six solid solutions will be 
presented [8]. 

As Si in the solid state has the strong tendency to 
form covalent bonds with 4 nearest neighbours 
(Diamond structure) with a large atomic volume Va of 
20 A 3, while Al has metallic bonds with 12 nearest 
neighbours and Va = 16.6 A 3, amounts of Si in excess of 
1 to 1.5 at. % cannot be solved in Al in the solid state. 
On the contrary, at very high pressure ( 11 GPa) or in the 
liquid state Si is metallic with Va = 15.5 A3 and can 
therefore be solved in Al. 

Consequently , the supersaturation of the solid 
solution can only be achieved by a rapid quench (RQ) 
from the melt (melt-spinning) in order to avoid 
segregation, or by homogenisation under high pressure at 
high temperature (HPTH) (where the Si atoms, which are 
segregated into covalently bound clusters in the AlSi 
prealloy, diffuse into the fee-Al lattice and replace Al 
atoms there) and a subsequent quench to avoid demixing. 
Both methods succeed in avoiding the formation of Si 
clusters, as can be seen in Fig. 2 for the case of melt-
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Fig. 1: Calculated temperature dependence of the entropy 
of liquid and crystalline Al. The lower and upper isentropic 
temperature limits T/, T ms are indicated [from ref 2] . 
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spun Al94Si6, but the amount of Si atoms replacing Al 
atoms in the fee lattice is different in the two cases. 
While HPTH apparently leads to a quantitative solution 
of Si in fee Al , after RQ only part of the Si atoms eems 
to be stored in the lattice itself and part seems to be 
dispersed possibly in the grain boundaries. This 
conclusion can be drawn from intensive investigations of 
the samples using differential scanning calorimetry 
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Fig . 2: Diffraction pattern (DJ B) of Al94Si6. The Si peaks 
prove the demixed Si-clusters (diamond structure) in the/cc-A/ 
matrix in the prealloy (a). After melt spinning of this prealloy 
the Si clusters have been dissolved in Al (b). 
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(DSC) at ILL. The enthalpy release on segregation 
increase linearly with Si concentration at least up to 10 
at % Si. In the case of the amples produced by HPTH 
this release corre ponds to the energy gained in the 
tran ition of a Si atom from metallic to covalent bonding 
(~ 38 kJ/mole) [9]. 

The enthalpy relea e on Si demi xing in the RQ 
amples al o rises linearly with Si concentration as can 

be seen in Fig. 3, but the slope is lower by nearly a factor 
of 2. Thu , if one ascribes the enthalpy re lease 
completely to the tran s ition from metallically to 
covalently bounded Si , one has to conclude that in 
RQ Al 100-xSix Xeffective === 0.58 Xnominal· 

As the preparation method described above 
produced only polycry ta] up to now , all NIS 
experiments were done on two time-of-fli ght (TOF) 
spectrometer , IN4 and IN6. IN4 was used for a reliable 
sampling of the generalized phonon density of tates 
(GPDOS) G(co) with thermal neutron in a large part of 
the reciprocal lattice. IN6 wa u ed to inve tigate the 
total dynamic structure factor S(Q,co) with cold incident 
neutrons especially in the low energy region. 

In all investigation so far no change of the spectrum 
of longitudinal phonons has been ob erved, as can also 
be stated for RQ Al94Si6 (see Fig. 4). The spectrum of 
the tran verse phonons, on the contrary, becomes slightly 
wider and shifts to lower energies This softening of the 
tran sverse phonon s in the supersaturated solution 
increases with increasing Si concentration [9] and it 
seems to be slightly larger in the RQ- amples than in the 
HPTH-samples if the former are weighted with their 
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Fig. 3: Enthalpy (,1/-1) release on segregation in the melt-spun 
solid solution o/2 ,4 and 6 at.% Si in fee-Al measured 
in dynamical DSC scans with different heating rates 
(dT/dt = 5 ,/0 ,20,40 K!min) . 
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effective concentration (Xeffective "" 3.5). This latter 
effect is most likely due to the additional lattice defects 
introduced by the melt spinning process. These re ults 
demonstrate that supersaturation of the fee-Al lattice 
with Si-atoms leads to a destabilization of the lattice 
against shear forces at short wavelength and THz 
frequencies. 

Such destabili zations have been ascribed to the 
building up of internal stresses which finally force the 
lattice to disorder completely. Normally these stresses 
have been assigned to size differences of the constituent 
atoms. Ho wever , th e atomic volum es of metalli c 
Si (15.5 A3) and Al (1 6.6 A3) are nearly equal and thus 
we tentatively ass ume that bond frustration of the 
Si atoms with their tendency to develop covalent bonds 
in the Al-lattice is the driving force in this case. 

Most recent investigations using high resolution TOF 
spectroscopy on IN6 show that there is not only a general 
shift of the spectrum of transverse modes as shown in 
Fig. 4 but that possibly a special low energy mode is 
developing a large amplitude, as can be seen in Fig. 5. 
The energy of this mode decreases when Q (hQ is the 
momentum transfer) is approaching the (1 I I ) Debye­
Scherrer peak of the fee lattice, as has been found from 
the representation of the same data at constant Q. It is 
therefore tempting to assume that the amplitude of this 
destabilization mode in creases wi th increas in g 
supersaturation of the solid solution to an extent that it 
finaUy leads to the collapse of the lattice. More detailed 
investigations of this mode are presently under way. 
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As in other colleges, the activities of the College 8 
members have changed as a consequence of fLL 's reactor 
shutdown. This is particularly true for those members of the 
college who belong to the ILL itself and whose work is 
mainly de cribed in thi report. 
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As expected, it turned out that ILL 's facilities cannot be 

replaced by those of other neutron centres. Many activities 
had either to be stopped completely, or projects involving 

the use of neutrons could be pursued only partially 
elsewhere. It is therefore not surprising to see that many of 
us have started, enhanced or revitalized our interest in other 

domains of macromolecular biology, such as X-ray 
crystallography. 

In 1992, quite a few of our colleagues moved to their 
new laboratories and offices in the newly installed lnstitut de 

Biologie Structurale (JBS) not far from the ILL. It is a sad 
task for me to remind you of the death of the first director 
of the IBS, Jean -Pierre Ebel, who died suddenly and 

unexpectedly on June 22nd, 1992. He played an important 
role in the tructural investigations of biological 

macromolecules, especially of the translational apparatus, and 
in him we have lost a friend as well as a supporter of our work. 

The continued collaboration with our colleagues who are 

now at the IBS and with those at the Grenoble outstation of 
the European Molecular Biology Laboratory (EMBL) is a 
vital element for the scientific life of our college. 

Members of the college participated both in the 
organization, the courses and the preparation of a book for 

the Hercules cour e. We were represented both in the 
discussion of the project for the European spallation source 
and in the BESAC review of neutron sources and 
applications in the United States, which discussed the relative 

merits of spallation ources and steady-state reactors. 

This report presents some highlights of the activities 
mainly of the ILL scientists, of vi sitors and students in 
College 8 in 1992. 

Scientific Trends and Highlights in 1992 
Protein structures 

Hydrophobic protein from soy bean 

The structure of a 9 kda hydrophobic protein from 

soybean was solved to 1.8 A resolution by the multiple 
isomorphou replacement method. Mainly two heavy atom 
derivatives were u ed. The model was refined to 1.8 A 
resolution by molecular dynamics using a slow cooling 
procedure giving a r.m.s. of 0.027 A for the bond distances 
and 4.2° for the angles, and a R factor of 18 % (collaboration 
between ILL, UJF, CNRS and IBS). The molecular structure 
is shown in Fig. I. It is a compact molecule made up of four 
short helical pieces connected by loops forming all together 
one right-handed spiral. This arrangement is one of the 
simplest that has ever been found, and can best be described 
as a distorted helix bundle. 
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Fig. 1: Ribbon plot of the hydrophobic proleinfrom soybean. 
The small spheres are sulphur atoms involved in disulphide 
bridges, of which !here are four in all. The N and C terminals 
are indicaled. 

As implied by its name the protein is very hydrophobic. 

As usual for globular proteins most of the hydrophobic 

residues are embedded in the interior, but even then a study 
using a water-like probe indicates that 70 % of the surface is 

apolar. This is about the highest value found in proteins 

crystallized in a water environment and compares to for 

example Crambin, which has 68 % apolar surface. 

An interesting question is therefore how important the 

solvent/water interactions are in this case. 

Hydrophobic moieties are expected to order the 

surrounding water and lead to the formation of clathrate type 

arrangements. Little of this is seen in the present study based 

on the analysis of the X-ray data. The reason is partly that 

hydrophobic parts of one molecule connect with similar 

parts from another molecule, but even where the interaction 

should lead to a water arrangement there is no particular 

indication of this. Indeed the ordering of the water is relatively 

low, and of the 200 water molecules available only about 30 % 

have been locate~. It is therefore planned to freeze the crystal 
and to see whether thi will induce further order. 

Work on understanding the function of the protein has 

also continued, both by comparison with other members of 

the same protein family which are known to act in vitro as 

lipid transfer protein, and by a search for homologous 

proteins, and in this context the protein has been found to 

resemble domains of larger proteins found in other plants. 

These protein are known to be produced in connection with 

embryogenesis, from the firs t to the third week, and at 

present they are believed to be involved in stability or 

defense of the embryo. They consist of two parts, of which 

the first is proline rich and the second is homologous with 

the hydrophobic protein, and it is therefore possible that the 

protein from soy bean might have been a member of a larger 

complex, which was split during extraction or purification. 
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Phospholipid transport protein 

Crystals of a phospholipid transport protein from wheat 
were obtained in presence of a phospholipid. Diffraction data 

of the native crystal were collected to 2.9 A with a FAST 
detector and an image-plate device on a rotating anode 
diffractometer. Heavy atom derivatives studies are underway. 

Lipovitellin 

The location of the phospholipid in the lipid storage 
protein lipovitellin from lamprey eggs has been reported 

previously (see 1991 Annual Report). Work has continued 
on the fitting of the amino acid sequence to the electron 

density map obtained from high resolution X-ray 
crystallography. When completed this will allow a full 

description of the protein/lipid interactions which stabilise 

this complex (Minneapolis/ILL). 

Extracellular matrix 

The extracellular matrix is defined as the environment 
surrounding cells within tissues. This environment is made 

of proteins and proteoglycans. The matrix is involved in 

processes such as embryogenesis, wound healing and 
cancer. The adhesion of cells to tissues is mediated by 

matrix glycoproteins. Fibronectin fibres have been studied 

by small-angle X-ray scattering. Crystals of osteonectin as 
well as a fragment of fibronectin have been obtained. High­

resolution isolectric focussing purification is developed to 
help with the isoform problems. Cryoelectron microscopy 

applied to matrix proteins is in development (ILL with teams 

in Grenoble , Lyon , London , Manchester, Edinburgh , 
Lausanne, Geneva and Bethesda). 

Influence of glycosylation on the structure 
of glycoproteins 

Most extracellular proteins have carbohydrate side­
chains. Recent studies have started to show the role 

of glycosylation on the protein function but there is at 
present little data on the influence of glycosylation on the 

biophysical properties of proteins. The influence of 

enzymatic and chemical deglyco ylation on the 
conformation of a-1 acid glycoprotein and ribonuclease B 

has been studied. 

Membranes and membrane components 

Porin 

Porin is a protein found in the outer membrane of Gram­
negative bacteria. It allows the selective passage through the 

membrane of polar molecules up to a cut-off value of 
molecular weight about 600. The X-ray structure of Porin 

from the purple bacterium Rhodobacter capsulatus , has been 
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solved to 1.8 A re olution by the groups of W. Welte and 

G. Schultz in Freiburg, revealing a econdary structure 

composed mainly of 8-sheet. The crystals were produced 
after solubilisation of the protein in detergent which is 

believed to mimic the membrane lipid in its interaction with 

hydrophobic parts of the protein. Thus studies of the protein­

detergent interaction in the crystals could throw light on the 
protein-lipid interactions in vivo. In the X-ray studies to 

date, however, no detergent structure has been observed, due 

probably to disorder and low contrast. A neutron diffraction 
study was undertaken on the crystals of Porin (Freiburg, 

ILL) to locate the detergent in these crystals. The results 

show that the detergent does indeed mimic the membrane 

and forms sheets within the crystal in which are embedded 
the protein mo lec ules. There is no interaction between 

detergent molecu les in successive sheets, i.e . there is no 

3-dimensional continuity of the detergent phase, and the 

crystal is formed solely through protein-protein contacts. 

Soluble and Membrane Proteins from Halophilic 
Bacteria 

Halophilic bacteria live in extreme aline environments 

such as the Dead Sea. Their cytoplasm is close to saturated 

in KCI, o that all their biochemical reactions take place in 

an environment known to inhibit function in most 

mesophilic proteins. For a number of years, solvent-protein 

interactions in halophilic protein have been studied by 

neutron scattering, in order to identify the mechanisms 

involved in adaptation to high salt environments. These 

studies al o contributed to the understanding of the role of 

protein -solvent interactions in protein folding and 

stabilisation in general. An integrated approach was applied 

to the problem. The neutron study provided a unique way to 

characterise the olution structure of the proteins in different 

solvent environments. Up-stream of the neutron study, the 

molecular biology and biochemistry of the proteins were 

developed in order to define their biological properties as 

carefully as possible in the same solvent . Down-stream, the 

data were interpreted in terms of structural model which 

were tested further by new molecular biology, biochemistry 

and biophysics experiment . In the past year two students, 

members of the College, pre ented their doctoral theses on 

studies of halophilic proteins including the analysis of 

neutron data collected before the reactor shutdown. For the 

first time, a halophilic protein was studied which had been 

uccessfully refolded correctly into its active structure 

following the expre sion of its gene in the intestinal 

bacterium Escherichia coli. A stabilisation model was 

suggested, in which the halophi lic protein adapts to its 

environment, and is stabilised by different mechanisms in 

different solvents. These studies were collaborations with a 
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CNRS unit in Grenoble, Tel Aviv University and the 
Weizmann Institute. 

Two doctorates were awarded for studies that consisted 

predominantly of neutron experiments on the Purple 

Membrane of Halobacterium halobium. This membrane 
contains a single protein, bacteriorhodopsin (BR), organised 

with lipid on a hjghly ordered two-dimensional lattice. BR 

functions as a light-driven proton pump. It has been studied 

extensively as a model of an a-helical integral membrane 

protein (it is probable that many important receptors have 
similar structures) and in order to understand a mechanism 

of light to chemical energy transduction at the atomic level. 

One of the studies was an exploration of different structural 
and functional aspects of the system by using specific 

deuterium- labelled membrane samples. The other presented 

a detailed study of the dynamics of the membrane in 

different conditions by inelastic neutron scattering. It was 
the first time such a study was performed on a membrane 

protein and strong correlations became apparent between the 

type of dynamics and the ability of the protein to perform 

different aspects of its function. Whereas BR, when it is 
vibrating harmonically, can be activated by absorbing a 

photon and releases a proton on the outside of the cell 

(where the proton chemical potential is higher than in the 

cytop lasm), soft anharmonic motions in the protein are 

required for it to return to its ground state by binding a proton 
on the cytoplasmic side. The e studies were performed in 

collaboration with the lnstitut de Biologie Physico-Chimique, 
CEN Saclay and a CNRS unit in Grenoble. 

Detergent structure 

As has been described in the case of Porin, membrane 

protein can only be crystallised when solubilised in a 
detergent. In several cases it has been found necessary to add 

a second smaller amphiphilic molecule in order to induce 

crystalli ation. Some years ago experiments were performed 
at D 11 to investigate the effect of these mall amphiphilic 

molecule on the structure of detergent micelles, in 
particular the effect of the heptane-1,2,3-triol on dodecyl 

amine oxide. These experiments were carried out with the 
high melting-point isomer of heptane triol, the only one 

which induced crystallisation of the photosynthetic reaction 
centre. It was observed that the effect of the addition of 

heptane-trial on the detergent micelle was to reduce its size 

(i.e. increase its curvature) by inserting itself into the 
micelle. We have now extended these experiments 
(Freiburg, ILL) to the low melting-point isomer which does 

not induce crystallisation. The experiments, performed on 
LOQ at ISIS, tend to confirm a qualitatively similar 
behaviour for the high melting point isomer but quantitative 

comparisons must await further interpretation of the data. 
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Muscle thin filaments 

Ju st before th e reactor shutdown experiments were 

initi a ted to s tud y the inte rac ti o n between ac tin an d 

tropom yos in in thin filam e nts from ske let a l mu sc le 

(UCSF/ILL). Using deuterated tropomyos in it was poss ible 

to monitor the movement of thi s molecule relative to the 

actin during reg ulation by e a++ . In the las t year these 

experiments have been continued in part at the H9B facility 

at Brookhaven National Laboratory. 

Protein-nucleic acid interactions and protein synthesis 

Neutrons are useful for determining biological structures 

for many reasons. First, they make it poss ible to distinguish 

be twee n th e main co mpon e nts of biolo g ic a l macro­

molecu les, nuc leic acids (desoxyribonuc leic ac id , DNA; 

ribonucleic ac id , RNA ), prote in s and lipids. Secondl y 

ne utrons are sens itive to the de ute rium content of these 

components; thi s can easily be varied by growing micro­

organi sms (bacteria, yeast, etc.) in so lutions containing 

heavy water (D2O). Several biologically relevant molecules 

consist of two or more chemical c lasses, like ribosomes, 

made of proteins and RNA, or viruses, made of proteins and 

RNA or DNA; others form complexes containing both (like 

RNA polymerase, together with DNA). 

In all living cells, the genetic information is contained in 

DNA, long chain molecules which usually form quasi-linear 

double-helical polymers. Before the information contained 

in the DNA base-sequence can be finally translated by the 

ribosomes into the thousand s of different proteins and 

peptides present in a cell, base-complementary blue prints in 

the form of chains of me sse nge r RNA (mRNA ) are 

produced . Thi s duplication process is ca talyzed by the 

enzyme RNA polymerase, which has been studied for many 

years with small -angle neutron scattering. 

The mRNA molecules are transferred to the ribosomes , 

which, by interpreting their base sequences , synthesize new 

proteins. Ribosomes are particles made up of two subunits of 

unequa l ize, each consisting of nucleic ac id (2/3 of the 

ma ss) and a multitude of diffe re nt proteins. The large 

ribosomal subunit (SOS) E. coli , often used as a "guinea pig" 

by biochemists, consists of a short RNA chain (SS rRNA) 

and a very long one (23S rRNA), and more than 30 proteins 

(call ed LI to L34, L8 being a complex of proteins, and L7 

nea rl y identical to L 12). Ribosomes and their proteins from 

the halophilic Ha/ohacterium marismortui are much more 

stable than those of most organisms and therefore are more 

and more used for structural studies. 
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Low resolution neutron diffraction of 50S ribosomal 
crystals from Halobacterium marismortui. 

Ab initio phasing methods developed for phasing the low 
neutron diffraction data from SOS ribosomal crystals (from 
Halobacterium marismortui) lead to similar density maps 
with different phasing methods (direct method s, 
maximization of entropy and likelihood). This means that 
the location of the ribosomal particle within the crystal 

seems to be in agreement between the different phasing 
methods. The question now is to improve the phases in order 
to describe with confidence the density within the particle 
and to distinguish between protein and RNA domains. The 
maps obtained are modelled in order to define two levels 
corresponding to proteins and RNA (in I 00% D2O the 
prote in scattering dens ity is about twice that of RNA ). 
A recycling procedure is underway in order to optimize the 
two-level model taking into account the diffraction data 

obtained in 0% D2O. 

Viruses and viral components 

HIV-I Reverse Transcriptase 

The genetic information of the Human 
Immunodeficiency Viru s I (HIV - I ), which is of the 

retrovirus type , is stored as viral ribonucleic acid (RNA ) 

rather than DNA. An enzyme called reverse transcriptase 
contained in the virus transcribes the genetic code into DNA 
which then can be incorporated into the host genome to be 
switched on by external events. Reverse transcriptase is one 
of the major targets in drug design against AIDS . 
The solution structure of HIV- I reverse transcriptase was 
fir s t visualized by small-angle neutron scattering 
(MPI Martinsried, Basle , Argonne, Lyon, Cleveland, ILL; 

see College 8 Annual Report 1991). An ILL press release on 
thi s topic was quoted in several European newspapers and 
periodicals. 

In the meantime, crystal structures of the enzyme have 
been reported by American groups. Using all the structural 
information available, it will be possible to study the effect 
of binding other molecules (tRNA, factors , inhibitors) on the 
so lution structure of reverse transcri ptase. Samples for 

experiments in thi s direction are being prepared, and it is 
hoped to measure them at the SANS facility of HMI, Berlin. 

Disintegration of Viruses under high hydrostatic 
pressure 

Neutron small-angle scat tering studies showed th at 
hydrostatic pressure enhances the stability of the isometric 
plant virus TYMV (Turnip Yellow Mosaic Virus). Contrast 
variation was used to observe the structural changes of the 

prote in capsid and of the RNA core se para tely. The 
th e rm a ll y induced uncoating of th e RNA as well as 
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structural transitions of the protein capsid are shifted to 
higher temperature upon increasing the pressure from 
5 x 106 Pa to 2 x I 06 Pa. Data concerning the thermal 
stability in different H2O!D2O mixtures cannot be compared 
directly, even at similar pD values, because the presence of 
D2O stabilizes the virions. 

Another series of experiments were carried out in order 
to study the pressure-induced decapsidation of TYMV. The 
virions irreversibly released their nucleic acid; this 
dcapsidation led to the formation of empty protein shells that 
were stable under high hydrostatic pressure. 

At present, the behaviour of Brome Mosaic Virus 
(BMV), a prototype of a virus mainly stabilized by RNA­
protein interactions is being studied. Small-angle neutron 
scattering studies (at GKSS, Geesthacht) indicate that the 
diameter of BMV increases substantially upon increasing the 
pressure to 2 x 106 Pa at 20 2C, and that this swelling is at 
least partially reversible. In order to unravel the respective 
contributions of RNA-protein and protein -protein 
interactions , a study of the behaviour of empty shells 
obtained by in vitro reassociation of BMV protein has 
begun. (Osnabrtick, Strasbourg, ILL, Geesthacht). 

Methodological developments 

Quasi-Laue diffraction and instrumentation 

Development of detectors and diffractometers have 
continued as a collaborative effort between the EMBL and 
the ILL. Two lines of studies have been pursued, namely the 
use of position sensitive photomultipliers combined with 
scintillators and the application of an imaging plate with a 
neutron to X-ray converter. 

For the photomultiplier system two detectors are now 
ready, allowing the possibility of testing two different read­
out systems. In one case the peak location is obtained by 
delay-line techniques, while for the other detector the center 
of gravity is calculated with a PC , based on the output 
currents of the photomultiplier. The delay-line detector has 
been tested at the neighbouring Siloe reactor, and towards 
the end of 1992 both detectors will undergo longer tests, one 
at the Wtirenlingen reactor centre, the other at Ris!II National 
Laboratories. Both the detectors cover an area of 45 by 
55 mm2, and the expected resolution is around I mm , 
depending on the thickness of the scintillator. 

Imaging plates have large detection areas, and can be 
either square or circular disks. These shapes are very 
suitable for X-ray protein crystallography where a good part 
of the scattering is within 45° of the forward direction. 
For neutron crystallography on large sys tems much can 
however be gained by using long wavelengths, and thus 
larger scattering angles. A good geometry would therefore 
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be a cylinder shaped imaging plate covering all the way to 
near backscattering, and the construction of such a device 

has been started at the EMBL. 

As a preparation for this detector several tests have been 

carried out. First, at the Orphee reactor Laue patterns were 
recorded using the white beam of cold neutrons at the 

radiology beam line. The imaging film was a standard X-ray 

imaging plate equipped in front with a gadolinium oxide 

converter spray painted onto an aluminium plate. It was read 
at the Molecular Dynamics reader of the small angle 

scattering group at CEN Sac lay , and the result from an 
exposure of a large crystal of hen egg-white Iysozyme is 

shown on the front cover. Further tests have since been done 
at the Siloe reactor, this time using thermal neutrons and a 

locally available reader. 

These tests confirm that imaging plates are potentially 

useful for neutron scattering. The limitation is clearly that 
the measurement time for one recording is longer than the 

read-out time for the imaging plate, which will be several 
minutes. Another problem that was discovered during the 

measurement was that ghost images can occur from neutron 
absorption by 151 Eu, which is part of the imaging plate 

phosphor, and which gives ri e to a longer lived isotope. 
The effect is small , though, and could be removed by 

suitable choice of isotopes or other rare-earth elements. 

Synchrotron X-ray work 

During the enforced stop of the reactor, members of the 

college have taken the opportunity to familiarize themselves 
with the use of synchrotron radiation, and this has lead to a 

collaboration between the ILL and a group at GKSS , 
Geesthacht for the exploitation of soft X-rays for diffraction 

studies. The work was done at the A I instrument located at 
HASYLAB, Hamburg, and the first step was to show that it 

is possible to measure a large anomalous signal from sulphur 
atoms in a protein crystal. 

The resonance for anomalous scattering of sulphur is 
found at 5.0 A (2.5 keV) , and the signal from f' or f' can 

here attain from 8 to I O electrons. This would typically lead 

to about 5 % changes in the structure factors compared to 
the value far from resonance, and it should thus be possible 
to use this effect to phase the structure amplitudes much in 

the same way as is done with heavier atoms. 

The result would therefore as usual be an electron 
density map from which the organization of the peptide 
chain can be extracted. Due to the long wavelength the 
resolution of the map, expressed in minimum d-spacing, 
would not be more than about 2.8 A, but this would be 

enough to identify the peptide chain. 
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Soft X-ray diffraction has a number of problems of its 
own, and very little work has been done till now. The reason 
is that these X-rays are only available at synchrotron 
sources, and although abundant in the storage ring they are 
hard to get out, mainly due to very strong absorption effects. 
A typical absorption coefficient for light matter is 500 cm-I, 
so one sheet of paper would stop the beam completely. 
Consequently , the whole experiment has to be done in 
vacuum . This complicates the handling of the protein 
crystal, which requires a humid environment, and it was 
therefore nece sary to hold the crystal in a cell with thin 
mylar walls. 

Measurements were then done on tetragonal lysozyme 
crystals in reflection geometry , as the mean path in the 
crystal is only about 20 µ. This is fortunately the most 
favorable geometry, as it allows the use of large crystals and 
the unhindered observation of the 'high' resolution data, 
which are measured in near backscattering mode. Because of 
radiation damage, which is very severe at room temperature, 
only limited sets of data could be recorded. They showed 
that structure factors can be measured in a reasonable time 
with good statistics, and that it is possible to see the 
influence of the anomalous scattering on the intensities when 
passing through the absorption edge of sulphur. 

Secretary: Roland P. May 
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I 992 has not been an easy year for the [n titut Laue­
Langevin, however, things do now appear to be on the road 
to recovery. College 9A ha. , over the course of the last 
twelve month , lost a number of members. Some have left 
the Inst itute permanently , others have gone elsewhere in 
search of neutrons. Howeve r, the sc ie ntifi c li fe of th e 
Co llege continues to flouri sh and a number of notable 
projects have been completed. 

Scientific Highlights in 1992 
Fixed Window Spectroscopy, Structure-Property 
Relationships in a Series of Simple Aromatic Solids 

The temperature dependen e of molecular motion in the 
solid tate is of great interest, particularly it connection to 
phase transition . The melting or solid-liquid tran ition is 
sure ly one of the be t known of all physica l proces es, 
however, the detailed microscopic under landing of the 
phenomenon is till elusive. 

Quasi-e la ti c neutron catteri ng ha been used to 
inve tigate the motion of sma ll hydrogenated aromatic 
molecules in polycrystalline amp les, in detail , benzene 
(C6 H6 ), tolu ene (C6 H5 -CH3) and ethy lbenzene 
(C6Hs -CH2-CH3). 

The technique adopted for the e experiments was that of 
neutron fi~ed window pectroscopy (FWS). Here the 
primary and econdary spectrometers of a high-re o lution 
backscattering pectrometer are both et to the ela tic 
po ition, we therefore define an energy bandpass, given by 
the energy resolution of the spectrometer. For I 13 (ILL), 
this window has a width, 1.9 GHz or 8 µeV. 

When the molecules which con titute the samples scatte r 
neutrons inelastically, that is, their relaxation time is shorter 
than a few nano econds, the neutrons may well be scattered 
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out of our window of observation. As the ample 

temperature is inc reased the molecules have increa ing 

amounts of thermal energy available to populate higher 

vibrational and poss ibly rotational levels within the solid. 

Then th e probability of neutrons being inelastically 

scattered, out of the defined window, increases. One thus 

observes a decrease in scattered quasi e lastic intensity as the 

molecules become increasingly thermally agitated. 

We may relate the observed elastic neutron intensity to 

the dynamic scattering law, 

181 (Q,w "' 0) ~ S (Q,w"' 0) ( I ) 

taking into account that we observe elastic scattering 

onl y, elastic being defined as hro "' 8 µ eV. The scattering 

law S(Q,ro) defines both the spatial and the time dependence 

of the motion of the scatterer. In the present study, because 

of its large incoherent scattering cross section our scattering 

particles are the hydrogen atoms pre ent in the molecule. 

For incoherent scattering we may write 

inc 
S (Q,w) = DWF (A0 (Q) D(w) + 

n 

I (2) 
i = 1 

with 

f ~ sine (Q,w) dw = 1 (3) 

Here DWF is the Debye-Waller factor, exp(- Q2 <u2>/3), 

A0 (Q) is the elastic incoherent structure faqor, Ai (Q), i ~ I 

is the quasi-e lastic structure factor with ~ A; (Q) = I, the 

delta function, 8(00), being the trictly elastic part (present 

for all motions confined to a particular volume) and Li (ro) 

being normali ed Lorentzian functions. The width, ri , of the 

spectral function will increase with temperature and follow, 

in the most simple case, an activated temperature behaviour, 

(4) 

The s ignal measured in the e experiment will be a 

convolution of S(Q,ro) and the re olution function , R(ro). 

From eqn.2 we see that for small spectral linewidths only the 

DWF can reduce the observed elastic scattering intensi ty . 

In the ea e of unbroadened spectral function s, the lope 

of the ln(lel) versu Q2 plots defines the mean sq uared 

di placement, <u2>, with 

<u2> = <u2>rotation + <u2>vibration + <u2>translation (S) 

It is this property which was of interest in this tudy of 

the dynamics of different simple aromatic molecules with 

and without s ide-group . 
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Plotted in Fig. I are the relative (to 50 K) mean squared 
displacements, <u2>* = <u2 (T)> - < u2 (50 K)>, as a 
function of sample temperature. Previously, the zero-point 
vibrational motion of benzene had been determined by 
inelastic neutron scattering at temperatures about ~ I 0 K, 
<u20 > =.0 I ± .005 A2. For the three samples, the low 
temperature behaviour is seen to be linear with slopes, 
d<u2>*/dT, increasing from benzene to toluene 
to ethylbenzene. The rates of change of <u2>* 
with temperature in this linear region are 
(5.9 ± .5) x I o-4 A2;K (50 < T(K) < 120) for benzene, 
(9.3 ± .2) x 10-4 A2/K (50 < T(K) < 170) for toluene and 
( 1.0 ±. I) x 10-3 A2/K (50 < T(K) < 110) for ethyl benzene. 

For benzene it is known that at temperatures less than 
about 140 K the main contribution to the overall measured 
<u2> comes from out-of-plane motions of the benzene ring. 
It was suspected, therefore, that the increase in the rate of 
change of <u2> with temperature on going from benzene to 
toluene and ethylbenzene, at the same sample temperatures, 
is accounted for by the presence of the additional methyl and 
ethyl side groups. These side groups would undergo 

12.0E-2 
N 
•<( 

> 9.0E-2 
I\ 

N 
::, 

V 6.0E-2 

3.0E-2 

0 

133 143 153 163 

ethylbenzene • 
toluene o 
benzene + 

50 100 150 200 
temperature (K) 

Fig. I : Plot of normalised (to 50 K) mean squared amplitudes , 
<u2 >. versus sample temperature for benzene ( + ). toluene (◊) and 
ethyl benzene ( A ). The out-oFplane motion of the benzene molecule 
is represented by the symbol under the benzene curve at about 
/20 Kand rotations of the benzene molecule by the image under 
the benzene curve at higher temperatures. > 150 K. The onset 
of methyl rotation in erhy/ben:ene is represented by the image 
at the side of the peak in the erhylbenzene curve at T - 135 K. 
The increase in the slopes of the linear parrions of the three rnrves 
is ascribed to the additional side groups in the molecules. 
represented by the CH3 and CH2 labels. The upper part 
of this figure. labelled DSC, contains a scanning calorimetric 
measurement on ethyl benzene, see text for details of the result 
and interprewtion. 
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Fig. 2a: FWS for toluene. i.e. a plot of normalised. to 50 K, S(Q,w 
"" 0) versus sample temperature recorded at Q = 1.2 ± .I kl. The 
dashed line represents a fir to the measured data with a DWF 
( ohtained from Fig . I) only. The dashed and dotted line is a fit 
to the data with an activated 3-fo/d jump for the reorientationa/ 
motion of the methyl group. see text for details. The Jui/ line is the 
hest ftt with a DWF and an activated motion of the methyl group. 
The sample is clearly seen to melt at 178 K. 

tors ional oscillations leading to an increased overall 
amplitude of vibration. The first carbon atom of the side 
group is constrained by reasons of bonding to be in the plane 
of the aromatic ring , thereby determining the relative 
positions of the attached atoms. Thus, in Fig. I it is pos ible 
to see evidence for various degrees of steric hinderance. 
Whereas benzene, above 120 K, starts to deviate from a 
linear <u2 (T) > behaviour , due to the onset of large 
amplitude librational oscillation about the C6 axis, 
<u2 (T) > for toluene increases linearly with T up to its 
melting temperature ( 178 K). 

The C6H5 ring torsional vibrations in the substituted 
benzenes are hindered by the antenna-like CH3 and C2H5 
groups. A deviation from linearity , due to the onset of 
thermally activated methyl group rotations , would be 
expected and a consideration of the available values for this 
thermal barrier implies that such a motion would already 
have become established below 50 K. Indeed, from the 
modelling, via eqn.2. of the temperature dependence of the 
ela tic scattering, seen in Figs.2a and 2b, it was possible to 
reproduce the observed temperature and Q dependence with 
a model including three-fold jump reorientation of the 
methyl group protons only (the scaling factor used to weight 
the relative importance of the two contributions, DWF and 
rotational reorientation, bein g given by the ratio of the 
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Fig . 2b: FWSfor toluene at Q = 3.76± .08 kl. The dashed and 
dotted line represents the fit to the data with a thermally activated 
reorientation of the methyl group on./y. The full line represents the 
fit to the data with thermally activated -CH 3 rotation and a DWF. 

scattering from the methyl group protons to the total 
scattering per molecule). For this rotational modelling 
calculation, r O = 5.8 meY and Eact = 200 K were used and 
we see from Fig.2a that the fit to the data is poor. However, 
inclusion of a DWF, determined from the temperature 
dependence of the measured <u2> in Fig. I significantly 
improves the fits to the data at both high and low Q. 

In ethylbenzene the methylene group is strongly 
sterically hindered and fixed with respect to the plane of the 
benzene ring. Here the linearity in <u2> versus temperature 
stops at about 110 K, thereafter it increases rapidly to 135 K 
and subsequently falls over 10 degrees. This sharp increase 
in <u2> was interpreted to the onset of methyl group 
rotation. In toluene this same motion commences at a much 
lower temperature, whilst here in ethylbenzene it is much 
more sterically hindered. 

The rapid fall of the measured elastic intensity was 
successfully interpreted to the slowing down of the methyl 
group rotation. This would occur with the transference of the 
available rotationaJ excitation into vibrations or librations of 
the whole , C2H5 , side-arm unit. The presence of two, 
potentiaJly coupled, oscillators could well be the reason for 
the much higher activation barrier for methyl group rotations 
in ethylbenzene compared to toluene. That there is a 
coupling between side arm and ring librations is seen in the 
low temperature inelastic neutron scattering studies of 
Cavagnat et al. (J.Physique 45 (1984) 97) on toluene. 
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As the temperature increases there is another rapid 
decrease in the observed <u2 (T) > in ethylbenzene 
(lowering the value to that seen at the same temperature for 
pure benzene) interpreted as the coupling of the whole side 
arm, oscillations of the ethyl group, to the motions of the 
aromatic ring. FinaJly the available thermal energy can no 
longer be accomodated by molecular librations and this 
thermal energy is transferred to the lattice, leading to 
instability and melting. 

It was argued that in ethylbenzene, the discontinuities in 
the plot of <u2(T)> versus temperature were indicative of 
solid state phase transitions. This hypothesis was checked by 
differential scanning caJorimetry measurements. In Fig. I we 
include the DSC measurement for ethylbenzene. In addition 
to the exothermic peaks at 140 K and 166 K a very much 
larger endothermic melting peak at 178 K (not shown in 
Fig. I) was also seen. This exothermicity , at those 
temperatures where a slowing down of the molecular 
dynamics was observed, was taken as support for the above 
interpretation. Such exothermic behaviour would be 
explicable interms of crystallisation , however, additional 
X-ray and neutron diffraction measurements revealed no 
discrete Bragg lines . However, one cannot discount the 
possibility of a smaJl crystalline fraction hidden below the 
short range order peak. This would indicate that increasing 
molecular dynamics triggers an ordering transition. 

In conclusion, the reported elastic experiments give 
insight into changes of the dynamics of the different degrees 
of freedom of small aromatic molecules in their respective 
solids. It is found that these molecules show localized 
reorientational motions in the sol id and that the coupling 
between the different types of these motions may even slow 
down the reorientation of substituent side arms. These 
complex changes of dynamics are observed in relatively 
simple systems as the temperature increases towards the 
melting point. 

Melting of Aromatic Lattices 

Above, we discussed fixed window scans (FWS), that is, 
the change of quasi -elastic linewidth with sample 
temperature as the scatterer undergoes thermally activated 
osci llations. This analysis has much in common with 
melting and lattice dynamics (instability of the solid phase). 
One of the earliest theories of solid state instability leading 
to melting was due to Lindemann who conjectured that 
melting should occur at a temperature, TM , when the 
average displacement, <u>, of the atom or molecule which 
constitute the solid due to thermal fluctuations reach a given 
fraction , r* - 0.1 , of the intermolecular or interatomic 
spacing, R. 
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If we consider a Debye solid and neglect the frequency 
difference between longitudinal and transverse phonons we 
may write 

where To is the Debye temperature and m the molecular 
mass. This equation suggests the existence of a liaison 
between relative amplitudes of molecular oscillation in the 
solid and the melting point of the solid. Alternatively, we 
may consider the amplitude of angular oscillation, «1». 
Cruickshank has given a means of relating «1» to the 
vibrational frequency, v, of an appropriate molecular 
excitation, 4>2 = kT/41t2rv2 where I is the appropriate moment 
of inertia of the molecule. Bacon et al. have shown the large 
magnitude , 7.9 °, which occur near the melting point of 
benzene. It has recently been proposed that melting occurs in 
these samples when this mean amplitude of angular oscillations 
reaches some fraction of the free rotation amplitude, for 
example, some fixed fraction of 60° for benzene . A new 
analogy with the Lindemann theory of melting. 

Consider <<1>> in radians, if melting occurs when <I> is 
some fraction of the six-fold rotation angle, 60° for benzene, 
hexafluorobenzene and the adduct benzene: 
hexafluorobenzene, we may write <I>~ ""(7.9°/60°)2. 
We may then rearrange the above equation for <u2> for 
the maximum value of T, i.e. TM 

the melting point. It is well known that low frequency 
vibrations will dominate in any consideration of the origin of 
<<j>>. Again it is the lowest frequency vibrations which need 
to be considered when looking at the melting point. This 
weighting in favour of low frequency and hence large mean­
vibrational amplitudes reflects the coupling to the motions of 
the neighbouring molecules. 

Consider benzene, for $!,. "" (7.9°/60°)2, with a parallel 
moment of inertia of 29.6 x 10-46 kgm2 and given 
TM = 278.8 K we find v = 46 cm-I. Similarly for 
hexafluorobenzene with Iu = 164 .2 x 10-46 kgm2, 
TM= 278.5 Kand $!.. ""(7.9°/60°)2 we find v = 19.5 cm-I. 
For C6H6:C6F6, with a reasonable estimate for the moment 
of inertia taken as I = (reduced mass).(3. 77 A)2 = 130 x 
10-46 kgm2 , $!,. "" (7.9°/60°)2 and TM = 299 K we find 
v = 23 cm-1. A consideration of Fig.3 shows that these 
calculated frequencies agree rather well with the lowest 
frequency excitations measured in these systems by inelastic 
neutron scattering. This simple model has been extended to 
toluene and ethylbenzene. Taking the moment of inertia for 
the methyl rotor to be 53.45 x I o-48 kgm2 and the lowest 
torsional excitation of the methyl rotor in solid toluene as 
46.8 cm- I , <<I>> is found to be 44° at 178 K, which is 
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Fig. 3: Inelastic neutron spectra for Crfl6:C6F 6, benzene 
and hexafl.uorobenzene. The intensities are in arbitrary units. 
The C6H 6:C6F 6 and the benzene spectra were measured at the 
RAL, U.K. on TFXA and the C6F 6 spectrum on IN6 at the ILL , 
Grenoble. The sample temperatures were, benzene 25 K, benzene: 
hexafluorobenzene 25 Kand hexafl.uorobenzene 95 K. 

certain! y a large fraction of the free rotation angle 120°. 
A similar argument would apply for ethylbenzene. Cavagnat 
et al. (J . Physique 45 (1984) 97) point out how there is a 
strong coupling between methyl rotations and the phonon 
density of states in solid toluene at temperatures well below 
the solids melting point. It seem reasonable then to apply 
this new model and say that fusion occurs when the side 
group is no longer able to store the available thermal energy, 
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which in consequence has to be stored in other degrees of 
freedom which are more important in de tabilizing the 
lattice. 

In passing we note how the addition of a methyl group 
strongly depresses the melting point of a series of aromatic 
molecules. Benzene, naphthalene and anthracene melt at 
278.5, 353.5 and 489 K, re pectively. The addition of a 
CH3-group change the melting points to 178, 251 and 
358 K, respectively. The possibility of low frequency 
excitations in the side group strongly effect the ability of 
the molecules to relax in the solid, they cannot now undergo 
rotational relaxation. The effect persi t in the homologous 
eries, toluene, ethyl benzene, n-propyl benzene and n-butyl 

benzene with melting points of 178, 178, 173.8 and 184.5 K, 
re pectively . Whereas in benzene the molecule is able to 
store a great deal of thermal energy and yet remain a solid, 
once a side group has been introduced, strong coupling to 
the rotation of other molecules is produced. Then if this side 
group can no longer store the available thermal energy it 
must lead to whole molecule motion and thus to coupled 
lattice instabilities and finally to melting. 
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Fig. 4: The £/SF for UCp3CI at 300 K. The model curves both 
correspond to motion of all three Cp rings. The jump are assumed 
on a circle of radius 2.23 A with (a) jumps of 27d5 radian and (b) 
jumps of 27!1 10 radian. 
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Fig. 5: The £/SF for UCp3CI at 180 K. Model calculations are for 
rotations of one. f';vo and three Cp rings and 27d5 jump motions. 
For the rn,o ring rotation model we also display !he 27d /0 jump 
model (dashed line) . 

Motion of Cyclopentadienyl rings in UCp3Cl 

Organometallic systems containing actinide ions exhibit 
a number of interesting properties. The U-CI chemical 
bond have a cr nature, wherea the metal atom interacts with 
the aromatic cyclopentadieny l rings via 7t bonds. For the 
solid studied here, diffraction and NMR measurements had 
shown that two phase transitions occur, one at 245 K and 
another at 78 K. The experiments undertaken at the ILL 
were an investigation using quasi-elastic neutron scattering 
of the proton motions as a function of temperature near the 

pha e tran itions. 

A number of neutron spectrometers were used in this 
inve tigation, MIBEMOL (Saclay), IRIS (RAL) and IN 13 
( ILL). The samples were polycrystalline and placed in 
aluminium containers. In each case the neutron spectra 
consisted of a single broadened quasi-e lastic response. In 
analyzing the corrected data two quantities were of interest. 
The first is the ratio of elastic scattering to total scattering, 
which gives the well known elastic incoherent structure 
factor (EISF). This ratio can be re lated directly to the 
geometry of molecular motion. The second property of 
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interest is the width of the inelasti c response, which may be 

related to the residence or correlation time between two 

success ive in tantaneous jump of the proton. 

Figure 4 displays the EISF measured on MIBEMOL at 

300 K , it suggest that jump motions of 2rc/5 or 2rc/10 radian 

are the only jump geometries that need be con idered. With 

the known geometry of the Cp ring, it is likely that 2rc/5 is 

the appropriate angle. However, the Q-range of MIBEMOL 

is insufficient to allow an unambiguous determination of the 

motional geometry. 

Below 245 K the nature o f the quas i-e lasti c scattering 

changes markedl y. An analys i of the IN 13 data, Fig.5, at 

180 K sho w s tw o devel opm ents. N ow the Q- ran ge is 

ufficiently large to allow us to distinguish between 2rc/5 and 

2rc/l O m oti ons. It i s al o obse rve d th at th e motion is 

restricted to two of the three cyclopentadienyl rings. 

Finally, measurements on the high-resolution instrument 

IRIS showed that below 78 K all the rin g motions are 

bl ocked. However , at thi s tempera ture th e fir st-order 

crystallographic transition allows two of the three rings to 

begin to undergo thennally acti vated reorientations. 

Th e motion o f onl y tw o of the three rin gs may be 

understood on the basis of " frustration" effects ari sing from 

intermolecular interactions. The phase transition at 78 K 
causes one of the Cp rings to approach a c 1- anion, thereby 

se ttin g up a stron ger intermo lecul ar interac tion th an is 

experienced by the other two Cp rings. Above the transition 

at 245 K there is sufficient energy and freedom for the three 

rings to undergo rotation. 

Partially Oriented Samples 

There continues to be interest in College 9A in scattering 

ex periment undertaken on parti all y ori ented samples . 

A great many of the samples studied with quas i-ela tic and 

inelasti c neutron scattering are powders, that is, randomly 

oriented collec tions of microscopic crystals. Large single 

cry tals may be difficult or impossible to obtain and one has 

to work w ith averaged crystal ori entations and hence an 

average over scattering vector. 

However, much more in fom1ation can be obtained from 

such sca tterin g experim ent i f th e ori en tati on of th e 

molecules, catterer , in the solid sample is known. This ha 

bee n demonst rated by recent inelast ic exper iments on 

polyani line. 

Conducti ng polymers are of in tere I because of thei r 

nove l e l ectron ic sta tes and for t he high , meta l - l ike, 

conducti v ities atta inable upon doping. Polyanil ine is one of 

the more versatile conj ugated po lymers. The po lymer i 
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Fig.6: Experimental geometries (incide/1/ wave vector Ki , sca11ered 
wal'e 1'ector Kd)- (a) C.1 geometry. the average c chain axis is 
normal to the f igure therefore Q is perpendicular to the chain axis. 
(h) Cl/ geometry, Q is quasinorma/ to the chains for small 
scallering angles. /Jut it is parallel to the chains fo r large 
scattering angles. 

made up of , R- C6H4-NH--C6H4--NH--R, repea t 

units. The bas ic chain structure exits in three insulator states; 

the fu lly reduced leucoemeraldine base polymer and the two 

oxi dati on tate of th e bas ic chain , th e full y ox idi zed 

pemigraniline polymer and the intem1ediate ox idation level 

emeraldine base polymer. Protonation of emeraldine base, 

ox id ati on of leucoe meraldin e ba e and reducti on of 

pernigraniline ba e all result in fonnation of the conducting 

emeraldine salt polymer. 

O f interes t , i s th e rol e o f ph enyl - rin g torsi ons in 

determinin g the nature of the ground and charge-defec t 

states. Coupling of charge tran fer between the phenyl-rings 

and the intermediate atoms to the dihedral angle of the 

rings compete with a ub tantial steric repulsion between 

adjacent rings . It is believed that polaronic and soliton ic 

r ing-angle-a ltern ati on defec t tal es may be relevant in 

determining the nature of the charged tates of the polymer. 

To investigate the pheny l-ring dynamics, and the more 

general latt ice dynamics of the emeraldine-base polymer, 

incoherent scattering experiments have been perfonned on 

stretch-oriented fi lms of polyaniline. The u e of stretched 

f ilms, th at i s, parti all y ori ented sampl es, g i ves both 

polarization and energy infonnation about the lattice mode. , 

even when the mosaic distribution of chain axes is relati vely 

large. F igure 6 defines the ca tteri ng geometry of the 

experiment. 

These experiment have prov ided a new in ight in the 

three dimensional dy nam ics of po lyaniline. One may 

d i crimin ate betwee n modes po l ari zed pa rall el and 

perpendicular to the chain axe . In thi way one can identify 
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Fig. 7: Polyaniline density of states, G(E) , measured at 150 K, 
normalized over the range O - /00 meV, measured for small 
( case a, 20 = 2oO) and large ( case b, 20 = 920) scallering average 
angles in the C;; and C.1 geometries. The phenyl librations occur 
at 7 and JO meV. The excitation at 19 meV is believed to be 
a hydrogen bond stretch, RN-H - - NR2 : an inter polymer chain 
excitation . The higher energy excitations are vibrational 
deformations of the phenyl rings . 

phenyl group librations , they give rise to out-of-plane 
(the plane containing the polymer chain) scattering. The 
lowest frequency peaks observed in the density of states are 
assigned to phenyl-group librations in a non-planar chain 
structure, see Fig.7 . The importance of phenyl ring 
librations, in this and in other similar polymers, in 
determining dynamical properties is well known. For 
example, the concept of ring-torsional polarons has been 
proposed as an alternative to a chemical bond dimerization, 
or Peirerls distortion, as a means of describing the insulator­
conductor transition. In this proposed model, the electron­
ring angle coupling is analogous to electron-phonon 
coupling in polyacetylene and the ring librational dynamics 
play the same role as that of the C-C and C=C stretching 
dynamics in polyacetylene. 

Secretary: Jeffrey H. Williams 
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Vibrational Dynamics in Solid C6H(;: C6F 6 

Jeffrey H. Williams 

The ability to predict the solid state packing of 
molecules and to interpret the observed molecular 
dynamics from a knowledge of the electrical properties 
of the isolated molecules is a goal much sought after but 
not easily realized. We have investigated structure­
property relationships in solid, benzene: 
hexafluorobenzene. This is the simplest member of a 
very large class of layered organic compounds, 
sometimes referred to as charge-transfer complexes. 

The charge distribution of the simple aromatic 
molecules benzene and hexafluorobenzene are of 
considerable interest. They have large electric 
quadrupole moments, 0 , of opposite phase. Simple 
mixing of these two liquids produces, at room 
temperature, a solid by virtue of the strong interaction 
between these two electrical moments. Solid C6H6:Cif 6 
melts at a temperature higher than the solids of the pure 
materials, and unlike the pure materials it has a structure 
which exhibits instabilities, there are solid state phase 
transitions at 205, 247 and 275 K (1). 

Of interest with regard to the strength of the solid 
state interactions between the benzene and 
hexafluorobenzene molecules are the features, seen in the 
spectrum displayed in Fig. I below 120 cm- 1 and 
between 420 and 540 cm-1, seen in Figs. 2a and 2b in 
greater detail. The latter is a combination or phonon side 
band between the benzene v20 vibrational mode, 
occurring at 409.6 cm- I, and the vibrations of the 
intermolecular bond or phonons, the latter seen in the 
low frequency spectra between 20 and 120 cm- I. 
For comparison, in Figs. 2a and 2b, the intermolecular 
bands and the combination band have been plotted 
together. The v20 mode of benzene is an out-of-plane 
vibration and is thus ideally suited to couple with the 
intermolecular vibrations. 

The vibrational combination band or phonon side 
band involves a simultaneous change in the quantum 
number of the intermolecular bands together with a 
change in intramolecular mode of the benzene ring. 
The frequency is close to the sum of those associated 
with the relevant transitions considered individually, 
i.e. VDJFF = Vvdw + v20 where Vvdw is the frequency of 
the phonon transitions. A comparison of the spectra in 
Figs. 2a and 2b hows a good match of features if we 
assume the v20 frequency, 409.6 cm-I, to be the origin 
of the van der Waals vibration. 

The actual degree of anharmonicity may be 
determined from the spectra displayed in Fig . 2a and 2b 
by observing the difference between the sum of the 
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isolated vibrational frequencies and the measured 
combination sum frequency. The lines are red shifted in 
the combination sum band by an amount 1 to 3 cm-1 . 
This red shift is not constant over the whole phonon 
spectrum (20 - 120 cm-1) but is largest, 2.5 cm- I, for the 
line at 67 cm-1. 

For such a phonon side band, it is possible to 
construct a direct mechanism for its origin; a coupling of 
the two different vibrational modes (the benzene out of 
plane vibration and the phonon mode), through their 
electric moments. That is, the total moment responsible 
for the transition from the ground state to the manifold of 
two-phonon states arises by the interaction of the dipole 
moment, µD, caused by vibrational distortion of the 
benzene ring and the dipole moment arising by distortion 
of the electronic charge clouds of the chains of molecules 
caused by coupled vibrations, i.e. phonons, µT. 

For the v20, out-of-plane, vibration the induced 
electric dipole moment has been determined from 
infrared measurements to be 0.610 (3). For the optic 
phonon induced electric dipole moment we may use the 
model presented elsewhere (3) which for a chain of 
alternating benzene and hexafluorobenzene molecule 
shows that for equi-spaced molecules the sum of the 
induced electric dipole moment, which arises by mutual 
polarization, is zero. However, if there is a slight 
difference in the distance between a benzene­
hexafluorobenzene pair then a net induced electric dipole 
moment can arise through the polarization of one 
molecule by the field of the electric quadrupole moment 
of the other molecule. 

4 

0 L_....i._~~~~ ~ ~:::'.i....:'.::::...i._..1...____1__J 

0 200 400 600 800 
energy transfer/cm·1 

Fig. 1: High resolution inelastic neutron spectrum 
of C@16:Cif 6 recorded at 25K. 

1000 
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Consider a chain of alternating benzene and 
hexafluorobenzene molecules, the centres-of-mass lying 
on the chain axis. On the time scale of a diffraction 
experiment (<J0-14 sec) the benzene and 
hexafluorobenzene molecules appear equi-spaced along 
the c axis (2). However, on the vibrational timescale 
oo-12 - 10-13 sec), the chains of molecules will be 
unstable to vibrational motions, a Peierls distortion. If Rij 
is the distance between a benzene molecule and a 
neighbouring hexafluorobenzene molecule and Rjk is the 
distance from this hexafluorobenzene molecule to the 
next benzene molecule, then the total induced electric 
dipole moment, µT , is given by 

µT _ 1 2 a: e ( 1 _ 1 ) _ 1 2 a: e ( 1 __ 1) 
47t£o Rff Rt 47t£o (R+x)4 R4 (l) 

benzene: hexafluorobenzene 25 K 
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Fig . 2a: Detail of high resolution inelastic spectrum at 25K 
of C@16:C{/' 6. 
Fig . 2b: Detail of high resolution inelastic spectrum 
of C@16:C{/' 6 at 25K showing the phonon side bands 
with the van der Waals or phonon vibrations (Fig . 2a). 
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where we represe~t the non-zero difference Rij - Rjk, 
as (R + x) - R. Here ex i the mean electric polarizability 
in the chain direction for the pair and 0 is the mean 
electric quadrupole moment. 

The hift of the phonon ide band lines from the 
unperturbed or uncoupled phonon line ari es from the 
coupling of the induced vibrational dipole moment of the 
v20 vibration and the phonon induced dipole moment, 
~F• , for C6F6. Then for a simple electrostatic 
interaction the interaction energy, uoT, which we equate 
with the red shift present in the phonon side bands is 
given by (4). 

µ µC0F6 

u0T = 0 I R3 (2 cos01 cose2 + sine, sin02coscp) 
(41teo) 

(2) 

R is the di tance between the centres-of-mass, along 
the chain direction, of the interacting benzene and 
hexafluorobenzene molecules. The angles are specified 
in Fig. 3. 

We ee immediately the large difference in the 
interaction energy which will ari e when we consider the 
coupling of in-plane and out-of-plane vibrationally 
induced dipole moment with the electronically induced 
dipole moment of the hexafluorobenzene molecule. For 
out-of-plane vibrations, such as v20, 90 $ 01 $ 180° and 
02 = 180; the two induced moments lie parallel to the 
axis joining the molecular centre -of-mass, the cry tat 
c-axis (2). For an in-plane vibrational deformation of the 
benzene ring, 01 = 180° and 02 = 90°. ln both cases it is 
reasonable to con ider coscp to be finite. It is seen how, to 
first order, it i only in the case of out-of-plane benzene 
vibrations that there will be any coupling between the 
vibrational and electronic distortions within the chains of 
alternating benzene and hexafluorobenzene molecules. 

With R, taken from the observed crystal structure, to 
be 3.769 A (2) and µD = 0.6 lD we find, from Eq. 2, 
~F• = .017 D, assuming uoT = 2 cm-1 and then from 
Eq. I we find x - 0.04 A. Thi i of order the mean 
amplitudes of vibration measured for C6H6 in 
C6H6:C6F6 by the Q-dependence of the scattering Law, 
S(Q,ro) at temperature less than 20 K (5), 
i.e. 0.07 $ <u2(T)> (A2) $ 0.11. We find, therefore, that 
it is pos ible with simple electrostatic models to interpret 
certain feature of the moderately high resolution 
inelastic neutron cattering data from olid C6H6:C6F6. 

Another ob erved property of the pectra which 
involves the nature of the olid state intermolecular 
potential is the trength of the mechanical coupling 
between the motion of the benzene ring and that of the 
hexafluorobenzene ring. ln Fig. I, feature at 319 and at 
383 cm- 1 correspond to the v l 4, E 1 u vibration and the 
v11, E1g vibrations of the C6F6 ring, respectively. Their 
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integrated intensities may be determined and compared 
with that of the equivalent vibration of the C~6 ring. 
The inten ity ratio of a C6F6 to a C6H6 vibration , as 
een in Fig. 1, should be oforder l: 162. 

In Fig.4 we give the ratios of the integrated intensitie 
for a series of vibrations of the aromatic rings, G;l-\;1G;Fs 
. It will be noted that although the intensities of the Cif 6 
vibrations are lower than the corresponding vibration in 
C6H6, they are lower only by a factor between 3 and I 0, 
depending upon the vibration. 

The hexafluorobenzene molecule has therefore 
considerably more vibrational amplitude than one would 
expect from a consideration of its mass and scattering 
cro ection. We interpret this observation as arising 
from the strong coupling of the hexafluorobenzene 
oscillator with the benzene oscillators via the 
intermolecular vibrations, see Fig.3. 

If there is an anomalous scattering intensity it must 
arise because another o ciUator is scattering at the same 
frequency. There is thus a forced or driven oscillation of 
one vibrating system caused by the vibrations of the 
hexafluorobenzene molecule. In such a situation the 
frequencie of the forced oscillators, here the benzene 
molecules, are determined by the frequency of the 
driving force and not by the natural resonant frequencies 
of the molecule. 

If Fj is a generalized force corre ponding to a 
coordinate, Tlj, then the generalized force, Qi for the 
normal coordinate, Ji, is given by the tran formation 

The equation of motion for the oscillations, expre ed 
in normal coordinates is 

--·R-- --R 12 · - --·R--
C6H6 C/ 6 C6H6 C/ 6 

....__,/ 

Fig . 3: Definition of the angles used to describe the 
electrostatic interaction between two electric dipole moments 
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The driving force, the vibrations of the 
hexafluorobenzene molecule, perturb the normal 
coordinates of the benzene , each atom in the 
hydrogenous oscillator being subject to a mechanical 
force whose frequency is that of a hexafluorobenzene 
vibrational resonance, c.o. 

ln such systems, the driving force Qi can be 
represented as 

where <l>i is a phase. After standard manipulations, 
the complete motion of the benzene molecule may be 
written as 

(6) 

Thus the vibration of each particle is composed of 
linear combinations of normal modes, but now each 
normal oscillation occurs at the frequency of the driving 
force. 

Two factors determine the extent to which each 
normal mode is excited. One is the amplitude of the 
generalized driving force, Qoi· If the force on each 
particle has no component in the direction of vibration of 
some particular normal mode, then the generalized force 
corresponding to the mode will vanish and Q0 i, will be 

zero. An external force can excite a normal mode only if 
it tends to move the particles in the same direction as in 
the given mode. In consequence of the denominators in 
Eq.6 the closer c.o approaches to any C.Oi the stronger will 
that mode be excited relative to the other modes . 
However, because of dissipative forces and the small 
amplitudes of oscillation, the amplitude of the mode will 
remain finite at resonance. 

Our measurements bear out this analysis in that we 
see how the intensity of the driven oscillations (in the 
benzene molecules) increases as one moves towards the 
lower frequency vibrations of the hexafluorobenzene 
molecules, see Fig. 4. It is seen that the ratio of the 
intensity of a distortion of the benzene ring to that of a 
hexafluorobenzene ring, of the same symmetry type, 
decreases as one moves towards lower frequency. 
Evidence for the resonance implied by Eq. 6, as it is here 
that one finds the hexafluorobenzene vibrations. 

One has also to take into consideration the symmetry 
of the vibrations and the excess intensity, that is, not all 
the vibrations of the C6F6 ring couple to the driven 
oscillator to the same extent. The E2g vibration couples 
most strongly, this is an in-plane extension of a pair of 
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C-F bonds, whilst the El u, an in-plane distortion of the 
whole molecule (the C6 ring moving in the opposite 
direction to the F atoms) couples the least strongly. The 
others are intermediate, however, the out-of-plane 
distortions all couple strongly. The crystal structure of 
this , the lowest temperature phase of C6H6:C6F6, is 
known (2) and the above observations are in line with the 
determined molecular orientations. 
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Fig . 4: Ratios of intensities of inelastic neutron scattering 
for various vibrations of the benzene and hexafluorobenzene 
molecules in solid C(5H 6:C6F 6· The intensity ratio is defined 
as, (I C6H6/I Cif 6)- This ratio is seen to decrease 
as one compares lines, of similar type, with decreasing 
frequency difference. See text for details . 
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Large Molecules 

Members of the College 
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1992 was a difficult year with regard to scientific life at 
ILL and in particular in College 9b. Many colleagues took 
advantage of other facilities all around the world for 
performing experimental work and the scientific activities 
are temporarily shifted outside the ILL. This means that only 
a few examples can be presented at the time of writing. 

Scientific Highlights in 1992 
2-D crystallization of fatty alcohols 
at the air-water interface 

The phase transitions in Langmuir films of insoluble 
molecules have been the subject of many investigations 
mainly based on macroscopic measurements, but in the past 
few years novel techniques using neutrons and synchrotron 
radiation have brought new insights in the microscopic 
structure of thin films made of amphiphilic monolayers. 

For many Langmuir films at the air-water interface the 
presence of traces of impurities smears out the 
thermodynamical anomalies associated with the phase 
transitions and complicates the determination of phase 
diagrams. These are however systems which are less 
sensitive to impurities. Recently, 2D crystallization of fatty 
alcohols using both macroscopic techniques (ellipsometry 
and surface pressure measurements) and grazing incidence 
X-ray diffraction has been investigated at LURE. 

For the series of alcohols between 1-nonanol and 1-
tetradecanol, the ellipsometry results show an abrupt 
discontinuity of the monolayer thickness at a temperature Tc 
which increases with the chain length (Fig. I). From X-ray 
diffraction results this is interpreted as the 
melting/crystallization temperature of the monolayer as the 
Bragg peak observed at low temperature disappears at Tc 
(Fig. 2). In addition, upon cooling below Tc this single 
narrow Bragg reflection in the powder diffractogram 
increases in intensity and shifts towards higher Q indicating 
a high disorder and a large thermal expansion coefficient of 
the 2D lattice (a = 10-3 K-1 ). The complete interpretation of 
this unusual behaviour in terms of possible tilt of the chains, 
Debye Waller factor, proliferation of defects, etc. requires 
additional information to be obtained on the vertical 
structure of the monolayer. As shown by J. Penfold et al. 
such information can be obtained by neutron reflectometry 
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techniques using molecules with deuterated chains while 
X-ray reflectometry measurements would suffer of a lack 
of contrast between the monolayer and the water. 

(ILL Grenoble, Laboratoire Spectrometrie Physique 
Grenoble, lnstitut Curie Paris, DRF-CEN Grenoble). 

Semidilute polymer solutions under shear 

There is increasing interest in studying the scattering of 
polymer solutions under shear, both from experimental and 
from theoretical aspects. Previous small angle neutron 
scattering experiments on dilute solutions in a good solvent 
have revealed the shear induced deformation of one single 
chain. In this case, the chain appears elongated along the 
flow direction. Striking effects are to be expected when a 
semidilute polymer solution is subjected to shear flow and 
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Fig . 1 : Change in the thickness of the monolayerfilms 
as deduced from ellipsometric measurements. 
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the environment (thermodynamics) for the entangled system 
is changed from good solvent- to theta-conditions. Small 
angle neutron scattering experiments with a semidilute 
polymer solution in laminar shear flow have recently been 
performed at the Laboratoi re Leon Brillouin in Saclay. 

The picture on page L02 presents an interpolated colour 
image of the raw scattering mea ured at a temperature of 
30°C (near the theta point) at a shear rate of 300 s-1 
(flow direction horizontal). In comparison to the isotropic 
scattering of the solution at rest (not shown) the contours are 
slightly anisotropic at large q, with a long axis perpendicular 
to the flow direction. At low q , a different behaviour is 
observed: a pronounced increase parallel to the flow 
direction leads to a double winged shape of the pattern. 
Thi resembles closely the butterfly pattern already 
ob erved with SANS in deformed gel and rubbers. 

(ILL Grenoble, LLB Saclay). 
Secretary: P. Lindner 

Les Journees des Polymeres et des Collo'ides 
(14-15 April 1992) 

The meeting, which was held in the past in the form of 
a "Joumee des Polymeres" was extended to two days this 
year , as it expanded to cover collo'idal systems . 
The "Joumees des Polymeres et de Collo'ides" were held 
at ILL on 14 and 15 April 1992 under the aegis of the 
French Polymer Group and the lLL. 

This meeting of about sixty physici ts, chemists and 
biologi ts from the Rhone-Alpes region on various aspects of 
soft matter, consisted of 35 communications, including about 
20 oral presentations and about fifteen posters . 
The numerous ubjects covered included radiation scattering, 
structure, rheology, the electrical and mechanical propertie of 
polymers and their application in indu try , and the structure 
and formation of membranes and amphiphilic systems. 

E. Geissler 
P. Lindner 
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Neutron, X-ray and light scattering 
in the study of 'soft matter' 

For the second time a European School on "Neutron, 
X-ray and Light Scattering as an Investigative Tool for 
'Soft' Condensed Matter" was held in Bombannes, Gironde, 
France, from May 31 to June 6 1992, following the first 
workshop of this kind in Spring 1990. 

Both workshops were devoted to a simple practical 
approach to neutron, X-ray and light scattering experiments, 
involving mathematical transformation back to real pace 
and structural model calculation of the scattering. They were 
aimed at colloid and polymer cientists using scattering 
method in their home laboratory or at common research 
facilities, who already have some background in this domain 
and want to exchange their experience and computing 
program . The primary objective was to explain the current 
methodology of elastic and quasi-elastic technique 
(avoiding both under and over-exploitation of data) rather 
than a general course on colloids and polymers. Basic 
information on data interpretation, on the complementarity 
of the different types of radiation, as well as information on 
recent applications and developments was presented. 

Experience with the 1990 workshop showed that there is 
a need for a basic course on scattering and that there is a 
demand of about 50 young scientists in two years, who wish 
to be trained in such a school. This European community is 
spread out in physical chemistry, chemistry, physics and 
biology laboratories, but the language in scattering is 
common. It had been proved to be extremely important that 
the workshop be held in a remote area with housing and the 
lecture rooms located in the same environment, providing a 
common leisure activity (in this case sailing) nearby. This 
ensures permanent contact between lecturers and students 
and is a guarantee that all participants stay the whole week! 

The 1992 meeting gathered together 44 participants from 
9 European countries, i.e . Germany, France, Spain, Portugal , 
Switzerland, Austria, Italy, Sweden and Czechoslovakia. 
The morning and late afternoon lectures (22 hours of general 
presentations given by 14 lecturers during the whole week) 
were followed by late after-dinner evening sessions. Those 
were devoted to obligatory short contributions (20 minutes) 
given by the students, where the specific project or problem 
of each participant was discussed. 

The workshop was jointly supported by: Institut ftir 
Festkorperforschung, Jiilich; Institut Laue - Langevin, 
Grenoble; European Synchrotron Radiation Facility, 
Grenoble; Laboratoire Leon Brillouin, CEA Saclay and 
Service de Chimie Moleculaire CEA , Saclay. Financial 
participation of aJI partners is gratefully acknowledged. 

Peter Lindner 



DISMANTLING OF THE HFR IN - PILE UNITS 

Lead coffin for the removal of the H5 liner 
(Horizontal Cold Source). 

Removal and cutting of the rear part of a liner. 

Removal of the HI -H2 
coupling sleeve. 
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Cutting the H I -H2 heam-tuhe coupling sleeve 
in rhe swimming pool. 



DISMANTLING OF THE HFR IN-PILE UNITS 

Positioning in the HFR storage pool of the turn-table 
f or cutting the reactor vessel. 

Positioning on the turn-table in the storage pool 
of the reactor ,,essel and upper structure assembly. 
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Dismantling of the reactor vessel and upper structure assembly 
in the swimming pool. 

The empty swimming pool of the HFR 
(December / 992 ). 



NEW CONSTRUCTION TECHNIQUES 

Some examples of the ftnite-element analysis carried out by the mechanical engineering group of the D.l.M. 

(The models shown in photos 2 to 6 represent the "asymmetric units" of the structures in question). 

( 1) Results of a static analysis of the D22 vacuum 
vessel - these calculated displacements were 
confirmed by physical measurements. 

(3 ) Results of a seismic analysis of the reactor vessel, 
showing the stress distribution and the mode-shape 
for the first natural frequency. 

(5) Finite element model of the evacuated flight box 
for the new TOF spectrometer IN4C (a snapshOl of the work 
in progress on the optimisation of this component) . 
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(2) F.E. model and results of a non-linear thermal 
analysis of a possible higher temperature hot-source. 

(4) Results of a thermo-elastic analysis 
of a synchrotron mirror, showing the temperature 
distribution (work subcontracted for the ESRF) . 

(6) Displacement distribution of the IN4C fl ight box 
(vertical direction) - showing that f urther 
reinforcement is necessary. 



INSTRUMENTATION 

Fig. 3: The principle of the Mambo II experiment 
(see report page 127). 

The microwa ve excited mercu,y discharge lamp, which generates 
the 204Hg ultra-violet resonance radiation used to monitor 
the orie11rario11 of /99Hg nuclei in a cell which is about Im away 
inside the magnetic shield and vacuum system of the new ron 
EDM experiment . 
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The vacuum vessel housing the Mambo II equipment 
(see report page 126). 

The new mulriderecrorfor the high flux diffractometer D20 
(see report on page 124). 



I NSTRUMENTATION 

The gamma ray spectrometers CAMS/ and GAMS2!3 use 
germanium crystals which act as diffraction gratings to provide 
high resolution with respect to wavelength. To adapt efficiently 10 

the angular dii•ergence of the arriving gamma ray heam, each 6 cm 
long plate of single crystal must be henr slightly into a circular 
arc. Shown here is a mo11111ing used to bend a crystal with high 
precision. The elaborate culfing of the end plate provides a graded 
system of mechanical levers used to push 011 one end of the crystal. 

A H,r/ 2 crystal grown from the 
1•apo11r phase in microgra1•ity 

is mounted in the 
y--diffracrometer 

(see report on page I 36). 

Double-spiral correction coil 
to he used on IN20 TASSE 

as part of the design of rhe new 
superconducting OFS precession coils 

(see report "/nsrrument Groups". 
3-axis spectrometers). 
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Automation of the dilution refrigerator inserts 
(see report on page 104). 



INSTRUMENTATION 

In-pile part of the H I -H2 neutron guides. View of the support 
structures after the dismantling of the glass elements. 

Extraction of the support structure 
for the cold guides HI from the housing. 
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The detector of D22. 



R EF COLLEGES AND INSTRUMENT GROUPS 

Symmetry breaking of inelastic scattering in ~-Zr 

{ l lOJ plane T = 1333 K 
M.=lTHz 

Fig. I , Coll. 4: lsointensity plot of the dispersion swface at I TH z 
in the ( 110) plane of JJ-Zr at 1333 K. The Brillouin zone boundaries 

are shown as solid lines. 

Fig. 2, Coll 8: Laue picture of a large crystal of triclinic hen 
egg-white lysozyme observed with cold neutrons at the radiology 
beam line of the Orphee reactor. Regions of higher intensity are 
coloured red. The recording device was an X-ray imaging plate 

equipped with a gadolinium oxide converter screen (collaboration 
involving staff from EMBL, ILL, LLB and CEN Saclay) . 
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Fig. 7, Coll 5: Counter plot of the reciprocal space mapping 
of a lnP swface grating in the vicinity of (002)/nP . 

> 
flow direction 

Fig. 3, Coll 9b. Interpolated colour image (raw data) of a sheared 
semidilute polymer solution as measured at PAXY!LLB 

with 1he ILL couetre type shear apparalus. 



INSTRUMENT O PERATION DEPAR T M E N T 

- SPECIAL CRYOGENICS SERVICE P. 104 

- CENTRAL SERVICE P. 104 

- BUILDING MAINTENANCE P.105 
AND MODIFICATIONS SERVICE 

- OUTLOOK P. 105 

- INSTRUMENT GROUPS P. 106 

) N UCLEAR AND FUNDAMENTAL PHYSICS P. 106 

0 THREE-AXIS SPECTROMETERS P. 110 

0 TIME-OF-FLIGHT, HIGH RESOLUTION P. 111 
AND DIFFUSE SCATTERING 

DIFFRACTION INSTRUMENTS P. 119 

0 SPECIAL INSTRUMENTS AND EXPERIMENTS P.125 
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INSTRUMENT OPERATION DEPARTMENT 

Introduction 
The dismantling of the in st ruments and of the 

experimental sites in the reactor hall which had started in 
October 199 1, was finished at the end of February 1992 
under the coordination of the Department EDEX. We have 
started to prepare the programme for the reinstal lation of this 
equipment in 1994. The basic idea is to restart and test all 
the instruments in the two neutron guide halls by the end of 
1993, in order to have all the remaining technical staff 
available for the immense amount of work in the reactor hall 
in 1994. We foresee difficulties in the execution of our 
programme due to the loss of experienced personnel. 

During the year 1992 the total number of staff in the 
Department was reduced by more than 35 %. This was 
achieved by detachment of personnel to other sectors in the 
ILL and to outside companies as well as staff leaving the 
lnstitut defi nitively. The work of the remaining staff was 
concentrated on the following actions: 

• Maintenance of site and buildings. 
The staff of the Maintenance Service took on most 
of the maintenance work which is normally 
subcontracted to outside companies in order 
to make economies. 

• Some development work on our instruments 
(small improvements). 

• Work on the replacement of all beam hutters 
of the ILL instruments. 

• Development work for external institutes 
in the domain of sample environment 
(6 furnaces, 2 transuranium sample inserts, etc.). 

• Technical support on experiments performed 
at other neutron sources. 

• Preparation of posters describing the ILL instruments. 

Special Cryogenics Service 
The activity of thi s se rvice has been oriented in two 

directions: 

• Loan of specialised equipment, including 
the corresponding technical assistance for experiments 
(LLB, ISIS , RIS0, HMI, CENG). 

The main long term loans are: 3 cryomagnets, I dilution 
refrigerator, 20 temperature controllers and several 'Orange' 
cryostats. 

• Developments 
Previously started developments have been continued: 

The automation of the dilution refrigerator have been 
fini shed (see photo on page I 00). 

0 The final setting-up of a gravity insensitive dilution 
refrigerator for use on a Eulerian cradle has been completed. 
Temperatures down to 65 mK have been reached. 
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O The construction of the 5 mK dilution refrigerator 
in collaboration with the CRTB (CNRS, Grenoble) has been 
continued. First tests have been done. 

0 The development of the new sample environment 
controller ILLSEC has been pursued energetically. 
The order for the delivery of two prototypes has been placed. 
Tests on these are planned in 1993. A first batch of 20 new 
controllers will be avai I able in 1994 for the start up of the 
instruments. 

The following projects have been started: 

O The study and design of a special He cryostat 
for neutron polarization analysis (Cryopad 2). The order 
for the main parts has been placed. 

0 A feasibility study of a special cryomagnet for neutron 
polarization via the Zeeman effect has been carried out: 
a horizontal magnetic field of 7 Tesla in a room temperature 
bore of 46 mm diameter can be obtained at relatively low 
cost. The order has been placed. 

O A design study of a 3He purifier has been made to 
allow the purification and recycling of large amounts of 3He 
used in neutron multidetectors. 

Central Service 
The Central Service is responsible for the ge nera l 

organi sation and maintenance of the ex perimental hall s, 
assistance for the running of instruments and provi sion of 
sample environment between J .2 K and 2000 K and at high 
press ures. The staff of thi s service has been temporarily 
reduced by about 50 %. The major work carried out in 1992 
includes: 

• Dismantling of instruments. 

• Participation in the modernisation 
of all beam shutters. 

• Preparation and surveillance of two ri sk experiments 
at the ILL without neutrons 
(Curium on PN I and Lutetium on PF2). 

• Video recording of all major technical events 
(instrument and reactor dismantling). 

• Maintenance and improvements 
of sample environment equipment. 

• Work for external institutes (see introduction). 

• Test rig for pressurizing a I 2 kbar clamp in situ 
in an 'Orange ' cryostat. 

• Technical assistance in high pressure experiments 
with ILL equipment at PSI (Wi.irenlingen). 
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Building Maintenance 
and Modifications Service 

The essential acti vi ties of the Service are maintenance, 
re pa irs, impro veme nts and cons tru c tion , re no va ti on , 
modifi cations and equipment of s ite buildings, technica l 
insta ll ations (except the reactor), instruments (shielding) and 
zones around instruments. 

The major difficulties encountered by the Service re ult 
from the budget and staff reductions, which no longer allow 
necessary repairs, and requests for work, to be carried out as 
quickl y as previously . 

In 1992 the Service was mainly involved in : 

A Completion of the di smantling of the experimental 
sites in the reactor hall. 

A The installation of the new site entrance guard house 
and the ILL/ESRF Joint Medical Service building. 

A Completion of installation work in the second guide 
hall ILL22. 

Outlook 
The new ma nageme nt s truc ture of the ILL will be 

implemented in the middle of 1993. The EDEX Department 
will be di vided in to three di ffe re nt secti ons. Before thi 
happens I would like to take the opportunity to thank all the 
members of my department fo r their excellent work and for 
the co llaborative spirit which was always present. It was a 
pleasure for me to work with thi s cooperati ve team and I am 
convin ced th at th e EDEX me mbe rs will be a t leas t a 
e ffi cient in the new organisation as they were in the old one. 
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Nuclear and fundamental 
physics 

P I Fis ion product eparator LOHE GRf on beam 
tube H9 (H.R. Fau 1, G. Fioni, I. Gart hore) 

P 3 Two curved crystal spectrometer GAMS 1, 2/3 
and one flat crystal spectrometer GAMS4 on the 
through beam tube H6-H7 (S. Ulbig, H. Boemer, 
A. Williams, R. Oliver) 

PN4 Ge ( Li ) pair spectrometer on beam tube H7 
(A. Williams, U. Mayerhofer) 

PFI Former P 7 - cold polarized beam at the end 
position of guide H 142 (J. Last, U. Mayerhofer, 
H. Just) 

PF2 Ultra-cold neutron source and di stribution system 
on level D using the vertical guide from the cold 
source and the neutron turbine 
(W. Drexel, W. Mampe, H. Just, R. Bender) 

PNl Fission product separator 
The project to provide energy focussing in the ion optic 

of the LOHENGRIN mass separator has reached its most 
active phase. When completed it wi ll increase significantly 
the ion collection efficiency and reduce the background. The 
principal new element is a reverse energy dispersion (RED) 
magnet which weighs 6 tons and which was delivered at the 
end of 1991. Modification of the focal plane region of 
LOHENGRI N is nearl y complete. Changes have been made 
to the roof and to the wal ls of the casemate and 5m2 of 
marble floor have been laid so that the magnet position can 
be adjusted using air pads. A new magnet vacuum chamber 
was designed and completed in June and the support frame 
for the magnet is expected at the end of 1992. 

Following the installation of the power supply unit, 
including it connection to a PC-compatible computer for 
remote operation, the RED-magnet has been te ted on P I 
u ing a-particles from a 241 Am radioactive source, assumed 
to be monochromatic with an energy of 5.479 MeV. To 
imulate the energy di s pers ion found along the 

LOHE GRI parabola, the a -particle were injected at 
three different po ition along the magnet face, and different 
values of the magnetic field trength were set according to 
the po ition. The positions corresponded to the highest, the 
average, and the lowest energy points of the parabola. The 
a-particles were detected us ing a 5 x I cm2 po ition 
ensitive si licon detector. For each of the three injection 

position , measurements were made with the detector at 
everal different distances from the exit face of the magnet 

covering a range of 6 cm around the calculated focus. The 
expe rim e nt s were repeated with everal alternative 
collimators for the a-particle ource giving angular half­
widths ranging from 0.37 to 0.91 degree . The resu lts 
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obtained for an input beam collimation of 0.81 degrees are 
displayed in Fig. I where the error bars correspond to the 
half-widths of the beam . The focal di tance and the total 
latera l width are both in agreement with calculation . In 
order to check the influence on mass re olution which 
involve the direction perpendicular to the plane of Fig. I, 
the detector was rotated through 90 degrees. In thi case 
only the beam collimation of 0.36 degrees was u ed, and the 
results hown in Fig.2 confirm the prediction of a con tant 
image width over more than I O centimetre . 
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Fig. I : Measured trajectories at the focus of the LOHENGRIN 
mass separator when using the new magnet for energy focussing . 
These results were obtained in a simulation with an alpha particle 
source collimated ro 0 .81 degrees. Without the energy focussing , 
these trajectories would have been spread over a width of 40 cm. 
In addition the new system will reduce the flux of background 
particles arriving at the forns. 

20-----------------~ 
E 
.§. 10 
c 
~ 0 1----.... - ---++-------1-411'"'"'""---l 
Q) 
u 

% -10 .,, 
-=u 
o -20 
~ t:;. low energy 
~ ..JO • central trajectory 

O high energy 
-40 ~~--...__ _ _.__ _ __,__~ __ .,_____, 

300 320 340 360 380 400 420 440 
distance from the magnet exi t face (mm) 

Fig . 2: Trajecto,y disp/aceme111s in the vertical, mass resolving 
direction for LOHENGRIN with the new energy focussing in 
opermion. The measurements were made in a simulation using 
an alpha panicle source collimated to 0.36 degrees. These results 
confirm the prediction of a constan1 image wid1h over a distance 
of more 1han I O cm in 1he viciniry of !he focus . 
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The new ionisation chamber 

To exploit the energy focussing capability, it has also 
been necessa ry to deve lop a new detect ion sys tem . 
According to Liouville 's theorem the pha e space occupied 
by a beam of particles will be conserved when they are 
pa s ing at consta nt energy through a well behaved ion 
optical system. Thus, the reduction in area of the focal image 
will be accompanied by an increase in the divergence, with 
the angles of the trajectories at the focus now reaching as 
much as + 17 or - 11 degrees. This divergence spoil s the 
charge resolving power of the detector unless the angles can 
be allowed for. 

An ionisation chamber has been developed ( ee Fig. 3) 
which pos e es both LlE and ER sections to provide charge 
re olution for fi sion fragments. A new method based on the 
time delay .1T for the electron signals from the two parts of 
the anode ha proved to be suitable for the measurement of 
the angle of the incoming particle . The sys tem has been 
te ted with an a-particle source and the behaviour over a 
range of values of electric fi e ld strength and pressure has 
been investigated. In Fig. 4 the correlation is shown between 
the angle of the trajectory 0 and the measured .1T between 
the signals LlE and ER. The plots are labelled with the ratio 
of the electric field trenght to pressure,E/p. They show that 
there is an approximately linear relation between .1T and the 
angle 0 which obtains for the wide range of E/p values 
which may be used. With a -particles, the resolution in angle 
reached about ± 1.5 degrees, which is largely sufficient for 
the requ irements . 

PN3,4 Gamma ray spectrometers 
The upgrade of the GAMS spectrometers ha begun with 

the rebuilding of the interferometers of GAMS2/3 as a 
Munich-ILL collaboration. 

For the inte1ferometers giving control of the angle of the 
crystals, a design was chosen which is based on a newly 
developed and tested approach. Laser beams are split and 
reflected from two arms on opposite sides of the pivot and 
brought together to interfere with each other as shown in 
figure 5. A measure of the ang le about the pivot is provided 
by the path difference in the two arms. Ultimately, the phase 
representing a tiny fraction of an interference fringe must be 
resolved. A two frequency laser with orthogonal planes of 
polari zation in the two beams is used. Both arms of the 
interferometer are fed with light of both polarizations so that 
there are two ets of interference fringes , one for each 
polari sation. Comparison of the two intensities at a special 
detector allows the phase difference between the arms to be 
determined free of errors due to laser amplitude variations. 
Signals representing deviation from a cho en reference 
phase are fed back to control the angular position usi ng 
piezoelectric crystal . 
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Fig. 3: The new ionisation chamber for PNI in 1he tes/ 
configura1ion used to invesligate ifs resolwionfor particle 
trajectory angle. The angles were measured independantly using 
a position sensitive silicon detector and the results were correlated 
with the time delays !:,.T between the electron signals from the DE 
and ER parts of the anode. 
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Fig. 4: Plots of the trajectory angle 0 as a function of the time 
delays t:,.T between signals ji·om the two parts of the anode 
in the new ionisation chamber for PNJ . The plots are labelled 
by the various ratios of the electric field to pressure, £ Ip. 
which were used inside the chamber. 

The support frame of the instrument has been modified 
to increase its stiffness and resistance to relative rotation of 
the upper and lower crystal interferometers as a whole. 
In order to g ive bette r vibrational damp ing, the entire 
instrument is now suspended on three chains to minimise 
coupling to ground vibrations. For the data aquisi tion and 
control of the spectrometer, new hardware and software i 
being developed with the aim of being compatible with the 
other GAMS spectrometers. By the end of the yea r it i 
envisaged that the assembly of the instrument will have been 
completed so that testing can be carried out in 1993. 
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Fig. 5: The new interferometer arrangement being installed 
to control the angles of the crystals in the GAMS2 gamma ray 
spectrometer. 

A test version, GAMS5T, of interferometers forseen for 

a new two axis bent crystal spectrometer, ha now been 

designed in a Munich-ILL collaboration financed by the 

BMFT. It is based on the use of glass ceramics for key 

interferometer parts exploiting the very low thermal 

expansion coefficients of the e materials. Assembly and 

testing is scheduled for the first ha! f of 1993. A new 

generation of high precision crystal benders for the new 

spectrometer have been designed and built (Goettingen-ILL 

collaboration). These are due to be tested in 1993 at NIST, 

USA. The crystals to be u ed are currently being shaped in 

collaboration with the ESRF. 

PFl (PN7) cold polarized beam facility 
A refurbishment of the polarizer system is being carried 

out in preparation for the reactor restart. Part of the old 

support structure for the supermirror polarizer has been 

replaced by a stepping motor controlled table whjch allows 

for computer controlled fine tuning of the polarizer angle 

around a vertical axis. An identical y tern has been aquired 

for the analyser mirror. Since a change in the angle of the 

polarizer lead to a change in the outgoing polarised beam 

direction, the analyser system will have to be mounted on a 

further table which allows it to be di placed horizontally. 

Two new supermirror polarizers for PF I have been built 

by 0 . Schaerpf, I. Anderson and W. Graf. These have a 

multilayer coating on both faces of each glass sheet which 

increases both the neutron transmission and the polarization. 

It is planned to test the polarizer in HMI shortly . 
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The planning and pricing of a new building to house the 
PFI facility, in place of the temporary shelter in which it has 
existed for some years, has been finalised in 1992. The support 
of the EDEX team who did this work is much appreciated. 

A significant effort has been devoted to a theoretical 
study of a neutron focussing device which could be used 
with the new guide NG13 which i planned for this facility. 
The original idea was to use two symmetric stacks of 
concentrically bent glass plates whose length increases as a 
function of the distance from the central axis as shown in 
Fig . 6. Neutrons would be guided through the narrow 
channels between the supermirror coated plates. As shown 

neutron beom 

Fig. 6: A schematic view of a neLllron focussing element using 
curved channels between two stacks of appropriately bent 
and cut glass plates. 
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Fig. 7: The cut-off line for the glass plates of a focussing element 
is a Thales circle with the radius and the position of the centre 
depending 011 thefocul length and bending radius. 
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in Fig. 7 the cut-off function of the glass stack is a Thales 
circle whose centre and radius are function s only of the 
radius of curvature for the stack Ry and the focal length f. A 
typical value for Ry is 30 m at a focal length of 2.5 m. 
Although detailed Monte-Carlo studies of such a device 
show that concentration factors up to one order of magnitude 
can be achieved (Fig. 8), the practical realisation of such a 
glass lens hardly seems possible because of serious 
mechanical problems. The latter come mainly from the 
requirements for the precise mounting of the more than I m 
long 0.2 mm thick glass strips and the sensitivity to surface 
waviness. 

These problems could be overcome if, instead of glass 
plate , stacks of thin silicon wafers with supermirror 
coatings were used . In thi s ea e , the neutrons would be 
guided internally through the silicon bulk material. Because 
the channels can then be much narrower, a silicon lens could 
be made as short as I O cm using a radius of curvature of the 
order of 2 m. A major disadvantage i the reduction in 
transmission due to neutron scattering in the silicon. Taking 
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Fig. 8: Results of a Monte-carlo simulation for the upper half 
of a glass plates f ocussing element as shown in Fig. 6. 
The original beam is homogenious and extends from Y = 0 
to Y = 0.1 m. The peaked distribution centred on Y = 0 

0.1 

is the neutron intensity at f = 2.5 mfor the case where the radius 
of curvature Ry = 30 m. For a beam of large vertical extent. 
such as that from the projected NG 13 guide, the lower half 
of the focussing device would also co111ribute to the peak thereby 
doubling its intensity. 
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into account results from transmi sion measurements by 
Magerl et al. , calculation how that concentration factors in 
the range of 3 to 5 are possible. Further studies will therefore 
pursue the silicon version. 

The BILL magnet at PFJ 

The second magnet of the BILL spectrometer was 
moved, from its position as part of what was the P 2 
in trument on level D to the site of the PFl (PN7) facility . It 
was decided that we should use thi s opportunity to carry out 
an experiment of great topical interest, the search for a heavy 
( 17 keV) neutrino as a component of beta decay . An 
experiment of this kind, carried out at PN2 two years ago, 
had been limited by the high background level associated 
with the use of an inpile target. It wa estimated that a better 
experiment could be achieved by placing the spectrometer 
well away from the reactor and u ing a source transported to 
the pectrometer after being produced by neutron activation 
in the neighbouring reactor SILOE ( ENG). At the ame 
time, the experiment has provided some experience of using 
the spectrometer in a situation which is imilar to that which 
would exist if it was used to analyse electron spectra from 
in-beam neutron capture sources at PF I. 

To run the spectrometer in this way, a ource chamber 
suitable for radioactive sources has been designed, built and 
insta lled as a T.U. Munich-ILL collaboration. The chamber 
is suitable for the 100 mCi I 76Lu source needed for the 
heavy neutrino search and the relevant procedures have been 
agreed with the Radioprotection Service. Spectra have now 
been obtained from two source and the programme of 
measurements wi ll continue into 1993. The resolution of the 
spectrometer, consisting now of only the second magnet, has 
been found to be comparable with that of the previous two 
magnet arrangement. 

PF2 ultra-cold neutron facility on level D 
The work on the reactor has resulted in the temporary 

displacement of the vertical cold source and of the straight 
vertical neutron guide and the curved neutron guide which 
lead neutrons from the cold ource to the UCN turbine. It 
has been possible to profit from this situation to put in hand 
the refurbishment of the vertical neutron guide by ILL staff, 
and of the curved guide, by ILL staff in collaboration with 
the original fabricators T.U. Munich. On the output side of 
the turbine , the electronics for the UCN distribution 
switching which had developed erious faults, i being 
replaced by a y tern conforming to ILL standards. 

Concerning experiments at PF2, the diffractometer and 
the long-wavelength interferometer have been taken away to 
be worked on in the in titutions from which they came. For 
the neutron electric dipole experiment, the magnetometer 
development program has been continued on level D without 
interruption. 

M. Pendlebury 
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Three-Axis Spectrometers 

IN I. IN I B 3-axis and Be-fi lter spectrometer on the hot 
source beam tube H8 (H.J . Lauter, 
B. Domer and P. Palleau). 

IN8 3-axis spectrometer on the thermal beam-tube 
H LO (J.L. Martinez, J. Bossy and T. Hornsby). 

I 12 3-axis spectrometer on the cold guide HI 42 
(S. Bramwell, B. Hk, and D. Puschner). 

IN 14 3-axis spectrometer on the cold guide H53 
on the horizontal cold source 
(R. Currat and A. Brochier). 

IN20 3-axis spectrometer for neutron polari zation 
analys i and spin-echo option on the thermal 
beam-tube H 13 (M. Alba, J. Ku Ida, C.M.E. 
Zeyen and A. Dorn). 

The state of the instruments at the end of the year is as 
follows: 

I) IN I , IN8 and IN20 have been di sassembl ed in 
connection with the current operations on the reactor beam 
tubes. The instruments lN I and 1N20 are stored near their 
respective site in the reactor hall while parts of IN8 have 
been transported into the new guide hall. 

2) 1Nl4 (on the hori zontal cold source), IN3 and IN1 2 
( in the guid e ha ll ) a re not a ffec ted by th e reac tor 
refurbi shment programme. 

The reassembl y work is du e to beg in in th e spring 
of 1994 after the new beam tubes are installed. 

A limited in s trument deve lopment programme was 
maintained during 1992 and will be pursued into nex t year. 
So far it has involved the replacement of the haft encoders 
and related electronics, on I I and 1N8, a step motivated by 
maintenance difficulties on the existing electronics. 

A modi fica tion of th e l 14 mon ochrom ati c bea m 
geometry i presently under study. The aim is to reduce the 
monochromator-to- ample di tance by integrating part of the 
beam equipment (beam shutter and Soller collimator) in the 
prim ary protec tion . Al so planned fo r nex t year is the 
in tallation on IN8 of a horizontally curved graphite analyser 
together with a vertical-ax is counter. 

Under the proposed ILL "Un ix plan", it i planned to 
repl ace th e PDP 11 in strum ent co mpute rs by Uni x 
workstations. The type of workstation to be installed is the 
subject of current consultations. The new control ystem wi ll 
be implemented on IN ! and I 8 for the reactor start-up, and 
on IN 14 at a later stage. 

No upgrading work, other than required by operational 
afety, i envisaged on I 12: as a consequence of the recent 

decision to reduce the number of scheduled ILL instruments 
fro m 30 to 25, IN 12 has been put on the list of proposed 
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CRG instruments, which already inc ludes the thermal guide 
pectrometer I 3. As a cold-neutron 3-ax is spectrometer, 

I 12 is econd only to IN1 4, in terms of flu x (only down by 
30 % at Eo = 2 meV). The instrument also offers a uniquely 
uncontaminated monochromatic beam in the energy range 
6 < Eo < 10 me V , whe n hi g he r-o rde r ne utron a re 
suppre ed by the cut-off of the s-c urved H 142 g uide. 
The instrument is equipped with a upermirror bender and 
a Heus le r ( I I I ) anal y e r and is fu II y opera tiona l a a 
polarised-beam spectrometer. 

Th e La rmor prece s io n mag nets fo r th e ne utron 
spin-echo option to be implemented on lN20 (TASSE) are 
under development. 

For thermal neutron pin echo, line integrals of the order 
of I Tes la x Me te r ( I 06 Ampe res) a re required. For 
reasonable magnet length , even OFS (Optimal Field Shape, 
Zeyen 1988) magnets of fi eld lengths L of I to 1.5 m have 
relative res idual radial and path length inhomogeneities of 
th e orde r of I o-4 . Furthe r I ine integral corrections are 
obtained by introducing suitable current distributions in the 
beam. The best corrections are obtained for an OFS coil with 
a set of two s piral s (second ord e r spiral s with s mall 
quadratic contribution) placed at particular axial di stances zc 
from th e coil middl e. TI:i e optima l pos ition s ca n be 
ca lcul ated ana lyti ca ll y, for OFS on e find s zc = 0 .37L 
(for solenoids a s lightly larger value). The fi gure (photo) 
show s a rece ntl y deve loped doubl e Aluminium spiral , 
spark-ero. ion cut fro m a mass ive plate, which could al o be 
a single crystal if SA S has to be avoided. The usable beam 
diamete r is 35 mm and the cutting gap is 0.2 mm . Two 
spirals are connected electri ca ll y in the centre ( crew), and 
slightly he ld apart at the circumfe rence to assure electrical 
insulation of the windings, better cooling and mechanical 
tability in a magnetic fi eld (the slight deformation of the 

spiral is taken into account in the haping). The minimum 
conductor cross-section i I mm2 and the maximum current 
is 5 Amperes. Thi s g ive a total max imum correc tion of 
200 Amperes , or 2 x I o-4 Te la x Meter, enough to correct 
the uperconducting OFS coil s for the IN20 TASSE option . 
Thicker or larger co il are feas ible by the same technique. 
Larger corrections can also be obtained by using more coil , 
the neutron absorption being neg li gible. 

Coordinator: R. Currat 

Ref. Zeyen C. M.E. and al, Optimal Larmor precession 
Mag ne ts, IE EE Tra nsac t io ns o n Mag ne t ics 24, 
pp I 540- 1543 ( 1988). 
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Time-of-Flight, High Resolution 
and Diffuse Scattering 

Due to the tight budget ituation, it wa po sible to do 
active work only on ome instruments. This is why this year 
presentation has been changed , and a report is given only for 
tho e ins truments where a sizeable investment was reali zed. 

IN4C Thermal TOF project wi th Brillouin option 
on the thermal tube H 12 (H. Mutka) 

IN I 0A/B Backscattering spec trometer 
o n the cold guide H 15 
(J. Cook, P. Joubert (technicien)) 

I 11 Neutron Spin-Echo on the co ld guide H4 l 
(B. Farago, J .F. Legrand, E. Thaveron (techn icien)) 

I 15 H igh re o lution spin-echo spectrometer 
fo r long wavelengths on the cold guide HS 11 
(C. Lartigue, F. Douchin , 
J .F. Barthelemy (technicien)) 

IN 16 New backscattering spectrometer 
on the co ld guide H53 (formerl y IN I 0C) 
(B. Frick, R. Rebesco (technicien)) 

07 Diffuse scatte ring instrument with polari zati on 
analys is on cold guide H 15 
(0 . Scharpf, R. Rebesco (technician)) 

D l l Small -angle scattering di ffrac tometer 
o n the cold guide H 15 (P. Lindner, P. Timmins, 
R. May, R. Bak.er (technician)) 

D 17 Low-Q, low-reso lution diffractometer 
o n the co ld guide H 17 (R. May, P. Terech, 
M. Cruz (technic ian), R. Gay (technician) 

D22 New low-Q diffractometer on the cold guide 
HS 12 (project) (R. May, M . Thomas, 
R. Gay (technician)) 
Group Engineer : F. Douchin 

IN4C Thermal TOF project with Brillouin option 
on the thermal tube Hl2 

A deci ive momentum to the proj ec t ha been g iven 
through the association of an Ita li an partner (coordinator F. 
Sacchetti , Perug ia) whose contribution to the spectrometer 
wi ll be of g reat importance. The firm engagement on their 
s ide has been demonstra ted by the purchase of pyrolytic 
graphite cry ta l tha t will cover one face of the double 
curvature monochromator. These crystals have already been 
tested in Ita ly. Meanwhile, growth of copper single crystal 
is in progress at the ILL monochromator group. 

The persisting progress in the des ign of the instrument 
has been ass ured by the efforts of the project office. The 
e le me nt s of th e prim a ry s pec t ro me te r, inc lu d in g th e 
choppers wi th the ir mo untings and the monochromator 
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a embly. have fo und thei r positions inside the necessary 
hielding. The di mensions and materia l of protections have 

been defi ned and fa bricat io n will be fi ni shed before end 
of 1993. (See fig . l) . 

The detector group of the ILL has constructed and tested 
a prototype of a small -angle detector wi th three sectors of 
45 degrees and six radial cell s. The basic concept proved to 
be so und and a fin a l des ign cons ist ing of 96 e lements 
(8 sectors, 12 radial cell s) is underway. This detector wi ll 
equip the small angle region of the vacuum flightpath whose 
detai led des ign is a major part to fi nish. 

In para ll el with the main des ign, the small-angle inelastic 
in strum e nt , Brill o uin spec tromete r, has been la id o ut. 
The ope ra tional capac iti es of thi instrument have been 
evaluated in detail (H. Mutka, J. Mol. Struct. , to be publ ished, 
Proceedings of the EPS conference on Neutron Scattering 
from Liquids), and a future accommodati on will prov ide 
unique means fo r investigating long wavelength excitation 
in variou systems, such as fluids and magnetic materials. 

INl0A/8 Backscattering spectrometer 
on the cold guide HIS 

Th e progra mm e of mode rni za t io n of the I I 0 
e lec tronics, proposed last year, is under way . Currently, 
4 motor axe have been equipped with the "Synchro" or 
" Moore-Reed" type coders which are compatible with the 
new "N IM " mo to r-co ntro l/co der read ing unit s. It is 
env isaged that the movements which are essential fo r the 
operati on of INI0B will be completed in the first half of 
1993. The construction of the " hi gh-temperature" IN I 08 
monochromator cryofurnace prototype is virtually complete. 
The onl y task that remains is the we lding of the niobium 
heat exchanger to the stainless stee l sample well. This has 
been referred to a spec iali st company. A mechanism for fas t 
exchange of the Dopple r drive (INI0A) and the INl0B 
cryofurnace is currentl y being studied. 

A new and cheaply implemented monochromator option 
is currentl y being researched. This involves the ultrasonic 
e xc it a ti o n o f a monoc hrom a tor vi a a pi ezoe lec tri c 
transduce r. Following promi sing initi al measurements on 
IN I 0 with a LiNbO3 transducer [I ], it has been shown that a 

resonant ultrasonic wave creates a strain fi eld in which the 
lattice spacing is modulated (in space and time) according to 
the form of the ultrasoni c sta ndin g wave . It has been 
demonstrated that, by varying the ex citing amplitude for 
e lastic crystal deformati ons, the resulting energy resolution 
of the refl ec ted ne utron beam is a linear functi on of the 
ultrasonic tra in . By using thi s technique, a continuously 
tunable energy resolution - intensity can be achieved (fi g. 2). 
Work is currentl y under way to compare the performance of 
LiNbO3 and quartz tra nsducers. lndium foi ls are be ing 

in ves ti ga ted as a poss ibl e bondin g-co uplin g medium 
between the silicon and the transducer. 
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Fig. I: The main elements of the IN4C thermal time-of-flight spectrometer along the beam path are the background choppers, 
the double curvable multi-face monochromator, the Fermi chopper, sample environment and the secondary flight path with the detectors. 
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Fig. 2: The normalized transmission curves measured on a silicon 
crystal of thickness D = 9.933 mm vibrating at a frequency 
off = 2.37 MHzfitted by the mosaic crystal profile (solid line); 
the curves correspond to transducer voltages of 0 V, 12.0 V 
and 35. 0 V. 

112 

[I] Hock R., Vogt T., Kulda J., Mursic Z. , Fuess H. 
and Magerl A ., Z . fUr Physik 8: Condensed Matter 
(to be published). 

INll Neutron spin-echo on the cold guide H41 

We are trying to profit from the shutdown of the reactor 
to bring some improvements to IN I I within the tight budget 
situation of the ILL. 

The largest investment will be the change of the main 
precession coils. There will be no fundamental changes, but 
more carefully wound coils were ordered . From test 
measurements we know that the imperfections of the 
windings of the old coils led to limitations of the resolution . 
This was a relatively cheap improvement, since the existing 
power supplies are capable of providing twice the power 
used so far. In addition, after more than 15 years of service 
we have to fear corrosion problems in the hollow copper 
conductor. 
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In collaboration with the KFA-Jiilich we are trying to 
develop new Fresnel correction coils with less neutron 
absorption for higher correction currents. 

IN 11 C will be an optional extension of IN 11 for large 
scattering angles (20 > 15 °) (see fig. 3). It will have a 
detector bank covering 30° scattering angle for simultaneous 
measurement. The price for this intensity gain will be a 
reduced resolution compared to the single detector INl 1. 

The magnets are at hand, the main parts of the mechanics 
are expected before the end of the year, or will come from 
recuperation of existing parts. The instrument is expected to 
be available for tests at the restart of the HFR. 

IN15 High resolution spin-echo spectrometer 
for long wavelengths on the cold guide HSU 

The VME electronics as well as the software for running 
the experiment from the VAX were intensively tested and 
debugged. A special box for housing the sample with an 
opening of 30°, glass windows and controlled atmosphere 
(inert gas as well as vacuum) for small angle scattering has 
been made. 

In order to check the performances of the prepolarizing 
FeCo neutron guide, we tested two pieces at BENSC in 
Berlin with neutrons. The polarization and the reflectivity 
were measured as a function of the magnetic field. It has 
been shown that within the ±0.5° divergence used on the 
instrument there are 16-20% intensity losses in the guide and 
only a small gain in polarization at wavelengths shorter than 
10 A. The transmission polarizer which follows the guide 
should achieve the necessary polarization at '),.,, ?'. 9A, while 
intensity can only be recovered by changing the coating. The 
possibility of improving the guide is under study. 

The prototype toroYdal mirror for the focussing option 

("'10.7 m focal length , 50 cm length) coated with Cu65 to 
ensure a µ-roughness less than 3 A pp was delivered from 
Zeiss in November 1991. A test experiment was installed at 
the LLB-Saclay in February. The source (exit of the velocity 
selector) and the detector were respectively set at each focus 
of the mirror. At 10 A, a 1 cm diameter spot was perfectly 
imaged on the detector, while at 20 A one could observe 
aberrations due to falling neutrons (with gravity). However, 
the important result concerning the background to peak ratio 
around the image could not be measured precisely: the 
surface of the mirror which was perfect before starting the 
experiment was suddenly damaged by a strong oxidation. 
The effect is clearly seen on the scattering pattern. This 
oxidation is still a mystery: we were unable to explain and 
reproduce it on natural Cu coating. A new sample coated 

with Cu65 will be delivered by the end of the year to be 
tested at BENSC-Berlin. Great care of all details will be 
taken to avoid oxidation. 

For the time-of-flight option, after some modifications of 
the software and optimization of the parameters to drive the 
"big" chopper, the whole system of 4 choppers is still under 
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tests at the ILL using the control from the Macintosh. The 
first 3 choppers can be perfectly phased with an accuracy of 
0.2°, while 0.5° is achieved for the "big" chopper. The zero 
positioning of the latter needs to be revised as well as the 
modification of the theoretical flipper functions. The 
software for the remote control (OS9 system+Vax) is being 
developed by both the ILL and the KFA-ZEL group at Jiilich. 

IN16 (formerly INlOC) New backscattering 
spectrometer on the cold guide H53 

The new backscattering spectrometer is finished as 
regards all technical components. A formal procedure for 
taking over the instrument from the DIM department was 
undertaken and reviewed the status and the remaining work 
to be carried out. The major task is the analysis of crystal 
deformation on the polished "high resolution" analysers and 
monochromator. The construction budget for IN 16, ending 

in 1992, was spent by the purchase of a second set of 7 m2 
unpolished Si( 1 I 1) analyser single crystals (the "low 
resolution" set-up). These crystals will be glued under 
deformation onto the spherical analyser supports in order to 
increase ~d/d and the reflectivity, and to obtain an energy 
resolution of about 1.2 µeV. 

For the high resolution crystal set, an undesirable 
deformation had been detected by photographic and y-ray 
investigations and this was studied intensively by neutrons 
in 1992. As no suitable backscattering instrument is 
currently in operation around the world, we prepared at the 
beginning of 1992 a miniature backscattering set-up using a 
Mossbauer drive (from Univ. Miinchen) for mounting a 
perfect Si( I I I) single crystal in transmission and the test 
analysers in reflection. The data acquisition experiment 
control was handled by dedicated VME electronics. We 
acknowledge the support by both LLB Saclay and NIST 
Gaithersburg, in giving beam time on regularly scheduled 
instruments for these test experiments. 

A first measurement of 4 days was undertaken in March 
1992 at the cold triple axis spectrometer of LLB, Saclay 
(Brocker, Frick, Liss, Neumann). Two analyser sets of IN16, 
a polished analyser of IN I O as a reference, several 
unpolished deformed crystals, Boron doped Si(l 11) crystals 
of different thickness and a SiGe prototype crystal were 
investigated. In spite of the short time available, and the long 
time required for high accuracy adjustment, the results were 
encouraging, but not conclusive, concerning the question of 
deformation. The measured spectra were resolution limited 
(FWHM - 0.7 µeV) due to beam divergency and deviation 
from backscattering geometry. A comparison with the INIO 
polished Si( 111) analyser resulted in a similar linewidth. 

A second attempt at NIST, Gaithersburg, was undertaken 
in October 1992, using very clean collimation conditions, 
exact backscattering and improved background level. These 
conditions have drastic consequences for the available flux, 

as only 2cm2 of beam cross section can be used, in addition 
flux losses from the chopper and the 50% efficiency detector 
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add up to nearly a factor of ten. Fig. (4) shows the spectrum 
measured at NIST (Frick, Gehring, Neumann) testing the 
mobile analyser of IN 16. An energy resolution of about 
FWHM = 0.39 ± 0.03 µeV was measured, a value still being 
slightly too large for perfect Si(l 11) ingle crystals but 
diminishing the importance of the crystal deformation . 
About 0.3 µeV could be expected with the configuration 
used. Currently laser interferometer measurement are 
carried out, in order to test the precision of the Mossbauer 
drive motion and to calibrate the energy scale. The main 
difficulty, however, seems to be the alignment of the cry tals 
to perfect backscattering, a task which becomes very 
difficult with the low neutron inten ity available (the 
spectrum in fig. (4) wa measured for 39 hours). A further 
improvement in this direction is planned. 

At the instrument IN 16 the following work was carried 
out during the past year: 

• the shielding of the secondary spectrometer 

was improved, 

• at the entrance of the focussing guide into 

the shielding, pneumatic mobile shielding block 
and a system of security end witches were installed, 

• a conical helium flightpath from 

the graphite-deflector-chopper to the Doppler drive 
was installed in order to reduce neutron lo es 
from air scattering and absorption, 

• the mechanical coupling of the analysers to the mobile 

platform and the height of the monochromator 
was checked and adjusted, 

• an electric security system for the control of the water 

cooling, the presence of vacuum and the vibration 
level on the two chopper and the oil flow 
on the Doppler were installed, 

• the electronic phasing of the choppers was tested, 

• the connection of the instrument to the local network 

of electricity, gases and effluents was installed and the 
cabling to the electronic cabin wa completed. 

D7 Diffuse-scattering instrument with polarization 
analysis on cold guide HIS 
(See Blue box in this section) 

D11 Small-angle scattering diffractometer 
on the cold guide HIS 

Despite the shutdown of the reactor , work on the 
improvements to D 11 has continued during 1992. Indeed 
these otherwise unfortunate circumstances have enabled the 
instrument team (technician and physicists) to carry out 
work from design to manufacture of some components. 
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The projects initiated in 1991 have largely been 
completed. The new velocity selector has been exhau tively 
tested and a piece of guide tube added to compensate for the 
60 ems of difference in length compared with the previous 
selector (Brunhilde). A new attenuator ystem has been 
designed and built. It comprises three separate attenuators 
(attenuation factors 300, l000 and 3000) consisting of 
cadmium plates with small holes drilled in them . The 
attenuator are fully automated and under computer control. 
The 20 metre section of guide after the velocity selector is 
now motor driven and the movement has been integrated 
into the new collimation control system installed last year. 

Fig. 3: Schematic view of the /NI IC option. The fi rst part of IN/ I 
(solenoids) is kept, the second part is detached from the sample 
table , and the sector magnet assembly is al/ached as a 
replacement , covering 30° of the scauering angle. 
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Fig. 4: Resolution measurement of the mobile IN 16 analyser 
at NIST using a test backscattering set-up 
(Frick, Gehring. Neumann). 
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Improvements to the sample area are being continued with 
the design of new sample diaphragms and an improved 
sample table XYZ adjustment. 

D17 Low-Q, low resolution diffractometer 
on the cold guide H17 

A number of improvements were tarted on D 17 in 1991 
when it became clear that the HFR would be shut down for 
two year . The drives of all mechanical velocity selectors 
(5, 10, 30 %) are being changed from DC to AC motors. 
This will allow for selector speed control by the new ILL 
tandard REFU 3 17 power supply which has been purchased 

for D 17. Furthermore, connection of the REFU with the 
MicroV AX instrument computer will make automated 
wavelength change possible in the future. 

A completely new, compact attenuator and alignment 
system imilar to D 11 is under construction. A choice 
between three different attenuators (2 made of Cadmium 
sheet and one made of PMMA) will be available. 
The process controller of the compre ed air pistons will be 
connected to the instrument computer via the CAMAC 
system. The alignment system will consist of a combination 
of a laser and a stroboscopic light ource mounted outside 
the collimating guide. The light beam will be reflected from 
a neutron transparent silicon wafer into the path of the 
primary neutron beam. 

For 1993 further improvements are planned in the sample 
area, in particular with regard to D 17' s reflection mode. 

022 New low-Q diffractometer on the cold guide HS12 

The budgeting and the construction of 022 finished at 
the end of 1992. The I x I m detector with 16K pixels of 
0.75 x 0.75 cm from CERCA was tested at a beam-line of 
the Orphee reactor at Saclay. It wa delivered to the ILL in 
the first week of December, I 992. The detector was then 
mounted on it carriage for te ts and ub equent installation 
in the 2.5 m diameter and 20 m long vacuum beam tube. 

The mechanical items still mi sing at the beginning of 
1992 , uch as the beam-shaping device in front of the 
sample, the entrance cone to the detector tube, the beam-stop 
mechanism, and most of the sample environment, including 
a platform serving for ancillary equipment and as a support 
for the radiation protection, have been designed, 
manufactured and installed in the course of the year 1992. 
Some mounting remains to be done in 1993. 

The Dornier velocity elector, turning at a maximal 
peed of 28300 rpm for neutrons of 4.5 A at a resolution 

(tf).J')..) of I O % (FWHM), was successfully te ted at the ILL 
for I 00 h at full speed. After a check on of its bearings, it 
will be installed on a translation and rotation table in its 
"casemate". Device for monitoring its vacuum, vibration 
and temperature have been purchased, and it uperv1s1on 
will be incorporated into the indu trial process control 
system already installed for the collimation and the 
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instrument vacuum and temperature control. The supervision 
program (InTouch) running on a PC compatible under 
Windows has been interfaced with the instrument control 
computer, a Vaxstation 3200. 

The data acquisition and shaft-control electronics (VME) 
was implemented by the ILL electronics group in the course 
of 1992. A preliminary version of the user interface program 
(compatible with that of DI I and Dl7) written by the ILL 
instrument computing group has been tested, and will be 
finished in early I 993. 

The feasibility of an on-line direct-beam monitoring 
ystem incorporated in the beam stop mechanism was tested 

at the sample position of the SANS facility of the Hahn­
Meitner lnstitut in Berlin. It will be mounted on the detector 
carriage and tried out with the first neutrons to arrive. 

Coordinators: A.J. Dianoux 
R.P. May 
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D7 What it can do: SRO-parameters, 
magnetic moments, order and disorder 
in polymers, elastic and quasielastic nuclear 
and magnetic scattering. 

At the ICNS9 l conference in Oxford, 7 experiments 
performed on D7, without and with polarization analysis 
[l ,2,3,5,6, 11, I 2) have been reported. These papers give a 
good survey of what sort of problems can be treated on thi 
instrument. They include mea urement on hort range order 
[ I 2), experiments for which the instrument wa originally 
developed by Bauer [4] in Jiilich and built by W. Just in the 
ILL, and which are now even easier with the witch over to 
measurement without analy is, u ing in thi case 64 
detectors with an angular di tance of 3 degree , and with 
three different wavelength and a double focus ing 
monochromator. 

Another group of measurement , which were reported at 
this conference, were obtained with polarization analysis, 
and concern the eparation of coherent and incoherent 
scattering. Thi possibility wa reported with mea urements 
on polymer [5,6,3) and ionic conductor [11). In [3] it wa 
demonstrated that the origin of Ri in t ,b, ' '"J0/ ·1 for 
amorphou samples has to be taken as the "centre 
of cattering", given by i :~ . This relation wa u ed to get 

meaningful results in calculations [8] for mea urements on 
polymer with polarization analysi . Thi report describes 
the method u ed on D7 for such materials very 
comprehensively, and serves for users applying this method 
to polymer a an introduction to the problem which can be 
solved on D7 [9,6,3,5) and to the methods applied. 

Two other publications di cus ed at Oxford [5,6) showed 
that the in trument D7 with polarization and TOF analysis is 
well uited to the analysis of short range order in amorphous 
polymers and that the simulations of the structure u ed in the 
past, uch as the "amorphous cell' method [7] , need to be 
modified . The measurement on D7 permit an easy 
quantitatively absolute cros -section determination by the 
" internal calibration" method, relating the observed 
scattering to the incoherent scattering from the known 
hydrogen/monomer content. Thi incoherent cattering is 
eparated by spin flip cattering and i then used for 

calibration in tead of a vanadium calibration ample. Thi 
new po ibility require that any theory ha al o to deliver 
the ab olute cro section and not only the qualitative 
behaviour. Fig. I hows that the quantitative behaviour is not 
yet well described by the theory , only the qualitative 
behaviour, so that here too the mea urement on D7 gave 
completely new insights. 

Re ult on liquid were pre ented at the conference on 
Qua iela tic neutron scattering at Wind or 1992 [ I 0). We 
further mention a paper about Li diffusion in the superionic 
conductor Li2S measured on D7 in quasielastic mode to find 
whether there i a coherent contribution [ 11 ]. 
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A third group of publications (fig.2) is related to 
magnetic cattering. Mezei et al. [ 12) how an example of a 
measurement on V 509 with the polarization analysi of D7. 
Thi is an example of a material showing a metal -in ulator 
pha e transition . Here again the D7 results contradict all 
expectations, thi time concerning the magnetic behaviour at 
metal-insulator phase transitions, and they call for new 
theoretical ideas for the understanding of the transition in the 
V n02n- l eries. 
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Fig. 1: Coherent structure factors for the polycarbo11ates measured 
by spin polarized neutron scattering, compared ro calculated 
structure factors obtained from amorphous-cell results for 
bisphenol-A-polycarbonate. Notice especially the absolute scale 
011 the ordinate. 
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Fig. 2: Wave number dependence of the magnetic neutro11 
scattering cross section in a V 509 powder sample in the metallic 
phase at 70 K. The error bars indicated are representative for 
all the data points. Only the higher q data are given, corrected 
for the magnetic form factor of vanadium. This contradicts all 
expectations about the magnetic behaviour at metal insulator 
transitions and calls for new theoretical ideas. 
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In a forthcoming publication [ 13) a theory of polarization 
analysis from magneti c scattering into a multidetector has 
been de rived. Here the I I..L method of [ 14] is generali zed to 
the xyz or three dimensional po lari zation analy is. The 
formulae can easily be extended to include the most general 
case of Blume [ 15] and even the case of nuclear polarization 
[ 16, 17) , using the method of treatment deri ved there. 

The way the polarization rotates in the three directions 
x,y or z is also investigated in detail. Fig.3 shows the guide 
fi e ld resulting from the permanent magnets on the banks. 
Fi g.4 shows thi s fi eld in and around the spin turner coils. 
Fi g. 5 sho ws the rotati on of the fi e ld in stereographic 
projection on the way from the ample to the detector just 
behind the corne r of the coil. From this an es timate of 
deviations is found which turns out to be smaller than the 
size of the detectors. The error resulti ng from this deviation 
is also estimated and hould be not more than 0.15%. 

The de rivation of th e c ross sec ti o ns for mag netic 
scatte rin g with polari zed neutrons in three dimens ional 
polari zation analysis shows that the investigation of helical 
structures should also be possible, not only with one detector 
but s imultaneously with 32 detectors and with polarization 
an a ly sis and tim e-of- fli g ht e ne rgy ana lys is on a ll 32 
detectors. This operating mode can very easily be switched 
ov e r to the mode with o ut polarization analy sis to see 
whether there are contributions with higher energy, which 
may be lost by the analyzer . At least without polarization 
anal y is o ne ca n find th e m in up scatte rin g and th en 
concentrate on further investigations of these. 
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Fig. 3: (a) Field pall em of one detector bank in a vertical cut. 
Some lines (doffed) of constant field stre11g1h are given. near the 
points where the field changes strongly . The arrows show the field 
direction in the centre point of !he arrow line. (b) Field strength 
in rhe sca11ering plane on the way from the sample centre 
to rhe centre of the detector withow current in the spin rurn coil. 
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Fig. 4: The f ield in and around the spin turn coil of D7. The do11ed 
lines are lines of constant field srrengrh in mT f or a current 
of 7.7 Ampere. Th e arrows in rhe lower left quarter show the f ield 
direcrion in rhis par/ of the plane at rhe centre of the arrows. 
Solid thick lines: position of two circular coils with rhe coil axis z' 
in the figure plane through the zero point of rhe abscissa. 
This makes ir possible to f ollow exactly rhe direcrion of the field 
in the ins/rumen/ and to verify whether the spin direction 
can f ollow this fie ld direction and ro whar degree. 

An oth e r publi ca tion in th e press [1 8] de sc ribe 
ex tensive ly investigations of the quantitative exactness of 
the magnetic cros section measurements (fi g.6). With thi s 
possibili ty of measuring absolute cross sections one has for 
exa mpl e a new way to look for intermedi ate va lence , 
because these materia ls should then have anothe r tota l 
magnetic cross section. It i also shown that the temperature 
dependence of the absolute magneti c cross section can in 
certain cases replace the measurement of the energy of a 
crystal field transition. In fact it is itself a quantity which can 
re pl ace ano ther parame te r no rm all y measured but no t 
access ible in a particular case, for example becau e it is at a 
much too high energy. Another result of these investigations 
is th at one can even fi nd co rrect cross sec ti on in the 
superconducting state, something which wa very often in 
doubt. For this one has to use a procedure described in the 
paper cited. A criterion is al so given as to whether in thi s 
case the method works correctly. 
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y 

Fig . 5: Stereographic projection of the rotation of the field 
direction on the path from the sample to the detector. This path 
has an angle of 50 degrees to the forward direction and passes 
just behind the corner of the coil, where the field direction 
is changing considerably. 

5 

no form factor, no absorpt. 

4 

~ 

"' 3 ....... 
C 

0 
..0 

form factor i ncl. 

................... 
............ 

.......... 
............... ..... _ 

a 
"U 2 ....... 
0 

"U 
I Jj-~--f~U-Jirll·!"'iJ-t-·-I 

I I I~ 

absorption and form factor included 

T=300K 
0 ~--- --_.__ _____ _._ ___ __, 

0 2 
wave vector q(A-1) 

Fig. 6: Comparison of the experimental data for T=300 K 
with calculations of the magnetic cross sections as a/unction 

X 

of the wave vector q (dash-dotted curves: not including analyzer 
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The measured points show how well the theoretical behaviour 
is reproduced, if all corrections are included. 
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How important such quantitative possibilities are can be 
seen in publications on magnetism in high Tc 
superconductors. There one can get the impression that they 
are fully magnetic. But if the ab olute size of the cross 
section is measured one can see that it is really very weak. In 
the case of G.Shirane's Koshu #l [19], where the magnetic 
scattering is so strong that we could even find on D7 the 
whole magnetic ridge (fig.7), but broader and lower than in 
the pure crystal without strontium, this scattering is just 3% 
of the scattering expected for I µB . If you find only 3% of 
what you expect you ask whether it is clear that this is 
coming from the superconducting phase, especiaJly if you 
hear that this sample is only 80% [ 19] Meissner effective. 

With these publications on multidetector polarization 
analysis things routinely possible on D7 are put now on a 
solid foundation, enabling the users to ee what they can 
expect from the instrument. First extensions of the theory 
showed that it is easy and clear to apply also to a generalized 
polarization analysis. To permit access to the full 
possibilities of such a unique instrument it should be 
transferred to an endposition of a cold guide. Then one could 
really gain at least a factor ten in intensity and with the 
monochromator option, which should not be abandoned, one 
would not lose the normal possibilities necessary for routine 
diffuse scattering for short range order parameter etc. When 
the reactor restarts it will be possible to allocate routinely 
submitted proposals a maximum of I week. In this way it 
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Fig. 7: Shirane ridge in a superconducting sample 
LaJ .85Sro.15CuO4 at room temperature measured with D7. 
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will be possible to have much easier access to this 
instrument than in the past. There it was still necessary to 
investigate the full reproducibility of the calibration 
measurements. Meanwhile these measurements were very 
carefully done and compared, and this showed that for most 
cases one can rely on calibration measurements even done 
long before. This allows a great saving in time. 

0 . Scharpf 
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Diffraction Instruments 

DI A: High resolution powder diffractometer 
(J . Rodriguez-Carvajal, P. Cross, A.W. Hewat) 

D2B: Very high resolution powder diffractometer 
on thermal beam H 11 

DIB: 

D3B: 

(T. Vogt, A.W. Hewat, J. Davies) 

Two-axis diffractometer with multidetector 
a thermal guide H22 
(C. Ritter, B. Ouladdiaf, K. Ben Sa'idane) 

Two-axis polarized neutron diffractometer 
with lifting counter on hot beam H4 
(F. Tasset, P. Feder (to May 1992)) 

CRYOPAD: Cryogenic Polarization Analysis Device 
for Spherical Neutron Polarimetry on IN20 
(F. Tasset, S. Pujol) 

D4B: Disordered materials diffractometer sharing 
the hot beam H8 with IN I B 
(P. Chieux, P. Palleau) 

D9: Four-circle diffractometer on the hot beam H3 
(M.S . Lehmann) 

D10: Four-circle triple-axis spectrometer on thermal 
guide H24 (G.J. McIntyre, C.M.E. Zeyen, 
R. Chagnon (to Sept. 1992)) 

Tl 2: Neutron camera on thermal guide H23 

Dl5: Two-axis diffractometer with lifting counter 
on the inclined thermal beam IH4 
(P.J. Brown, M. Reehuis, _G. Schmidt (in part)) 

D 16: Four-circle MK6 diffractometer on cold guide 
Hl6 (G. Zaccai, V. Rodriguez) 

D l 9: Multidetector diffractometer for protein 
crystallography on the thermal beam HI l 
(S.A. Mason) 

D20: High-flux multidetector on the thermal beam HI l 
(J . Pannetier, P. Convert, J. Torregrossa) 

DB21: Four-circle diffractometer with PSD for biological 
macromolecules on the cold guide H 15 
(C. Wilkinson (EMBL), E. Pebay-Peyroula, 
P. Agnes). 

Important issues for the Diffraction Group 

The division of diffraction work between the various 
sources of radiation promises to be a key question for the 
next decade. Most favourable in that respect is the fact that 
ILL will start again with a reliable, first rate neutron source. 
But obviously , the balance will depend not only on the 
source but also on the associated instruments and 
techniques. 
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Because of the tight budget expected in 1994, the ILL 
has to focus attention on its 25 leading instruments. It is 
therefore the scientific responsibility of the Group to prepare 
the diffraction instruments now so that they will reach their 
best possible performance quickly after 1994. 

Data visualisation and modelling software link our 
specialized techniques with the outer scientific world. They 
often determine the users' satisfaction and the quality of the 
final output of the Institut and should have all our attention. 

Novel ideas and techniques are essential for our future. 
We should not forget them. Here, the possibility of finding 
extra money and help from outside exists, and we shall 
pursue it. 

Rebuilding the Instruments 

To proceed with the exchange of the reactor vessel, most 
of the instruments in the Level C reactor hall had to be 
dismounted. Becau e the individual beam-tubes have to be 
extracted longitudinally out of the reactor vessel our primary 
spectrometer biological shields are necessarily in the way. 
Some can be pulled back on rails but most of them were 
lifted and stored in variou locations. Not to be destructive 
for delicate, precise instrumentation which is buried deep in 
the shielding such major dismounting required good general 
coordination. 

For rebuilding, it may seem enough to proceed in reverse 
order but there is a crucial difference: the adju table 
equipment has to be carefully monitored in good time, 
especially where the sequence of adjustments is critical. 
In that respect the loss of technical expertise which we are 
experiencing now could one day hamper our chance of 
getting our instruments rebuilt properly. We must remain 
extremely attentive to it. 

DIA: High Resolution Powder Diffractometer 
on thermal guide H22 

D 1 A was moved to Saclay in 1992 for the duration of the 
ILL reactor shutdown. Dr Juan Rodriguez and Peter Cross 
were detached from the ILL to help run the machine, which 
will be available by application to the Saclay 'tables rondes' 
committees for 2; 3 of the beam time, and to the ILL for the 
remainder. All of the Dl A ancillary equipment, including its 
He-cryo tat and automatic temperature controller, were 
moved with the machine. However the DI A PDP- l 1 
computer wa replaced by the micro-Yax from D2B for 
instrument control and data reduction, ince there are no 
DEC computers at Saclay, and it would have been difficult 
to connect the PDP- I I system to the local network. It was 
relatively easy to connect the DIA Yax to the Internet at 
Saclay, so that remote users, in particular from ILL, can log­
on. This work wa carried out by A. Barthelemy and 
J. Allibon of ILL. 
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We are also indebted to the EMBL laboratory in 
Grenoble, for whom John Allibon now works, for allowing 
him to continue to help with the DI A Yax at Saclay. And of 
course we are particularly grateful to Rossat -Mignod, 
Bouree, Pinot and others at Saclay for making this move 
possible. 

DI A is installed on a cold guide at Saclay (the only 
position available), and naturally the neutron intensity is 
significantly lower than it was at ILL. However good 
quality, high resolution diffraction patterns can be obtained 
at 1.984A in the acceptable counting time of 2-3 days 
(compared to 12-24 hours at ILL). To improve the efficiency 
of DI A, a new bank of 25 detectors (instead of lO) is being 
constructed at ILL, and this will be available before the 
machine returns to the ILL in 1994. 

DlB 

Despite the strong support it got from the user 
community at the Uriage meeting in late 1991 D 1B will be 
one of the instruments not to be officially scheduled any 
longer at the reactor restart. It is hoped that this machine 
which has been used by over a hundred research group in 
the last 20 years resulting in over 500 publications will find 
a future in term of a CRG (Collaborative Research Group) 
comprising several different scientific partners. 
A collaboration between e.g. 4 groups with scientific 
interests in respectively a) magnetic structure , b) structural 
phase transitions , c) kinetic studies, in situ reactions and 
d) texture studies would be ideal to preserve and enhance the 
experimental possibilities of this highly versatile machine. 
Due to its situation in the neutron guide hall DI B has not 
been dismantled and is therefore one of the few diffraction 
instruments ready to start with the first 'new neutrons' in 
1994. Research groups interested in participating in the CRG 
for DI B are urged to contact the instrument responsible 
Dr. C. Ritter, or the ILL directors. 

D2B Very High Resolution Neutron Powder 
Diffractometer on thermal beam Hll 

D2B was one of the machines, together with D l 1, that 
produced the largest number of scientific publications in the 
3 year period preceding the reactor shutdown. It is therefore 
rather sad to see the machine sitting idle in storage. Because 
D2B uses very high collimation, it needs a very high neutron 
flux to operate, so it was not feasib le to move it to another 
European reactor, as was done for DI A. However, it is 
encouraging to see that machines very similar to D2B are 
becoming operational at reactors at NIST and BNL in the 
USA, and also in Japan. 

Indeed, the scientist responsible for D2B, Dr. Thomas 
Vogt, was selected from a number of excellent applicants to 
construct a similar machine at Brookhaven National 
Laboratory. Although Dr Vogt is currently employed by 
BNL, it is hoped that he will return to ILL in 1994. In the 
meantime, he is working with BNL and ILL staff to develop 
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a new kind of foc ussing monochromator, made from thin 
silicon or german ium wafers obtained from the electronics 
industry. The present D2B monochromator, although it is 
highly efficient, produces a non-regular peak shape that 
detracts from the performance of the machine at the highest 
resolutions. It is expected that the new monochromator will 
be available when the ILL reactor restarts, improving the 
performance of D2B still further. 

D2B is also scheduled as one of the first instruments to 
receive a new control computer, since its current computer is 
used on DLA at Sac lay. Because D2B can collect data very 
qui ckl y as well as at hi gh resolution , it is necessary to 
compare results at many di fferent temperatures or ample 
stoichiometries. It is hoped that the Cerius software, puchased 
in 1992 fo r the new Silicon Graphics work tation, will greatly 
aid with the data analysis on machines such as D28 . 

D38: Two-axis polarised neutron diffractometer 
and CRYOPAD 

Polarisation: 

During the la t two decades, optimised sources of short 
wavelength neutron (HFR Grenoble Hot Source, ANR, ISIS, 
LANS CE spall a ti o n so urces) became ava il abl e. Ne w 
ex perime ntal techniq ues were de ve loped for polari sed 
neutrons and the traditional ones were refined. Exciting new 
fie lds of Sol id State Physics (Heavy Fermions, Paramagnetic 
excita ti o ns, Lo w dim e nsio nal sys tems, Hi g h e nergy 
mag neti c flu c tu a ti o ns, Hi g h T c Su pe rco ndu ctors) 
emphasised that polarisation techniques can help in several 
unique respects. At the same time, severe limitations in the 
ex pe rime ntal poss ibi lities came to light , which appear 
inherent in the use of single crystal polarisers. This led to 
strong interest in a nove l polariser: the optically pumped 
3He sp in filt e rs. Whe n combined with the best 
monochromators they promise more flu x and flex ibility at 
thermal and short wavelengths. 

D38- A Polarised Neutron Diffractometer 
for High Magnetic Field 

D3B is a Normal-beam single-crystal diffractometer with 
a polari sed in c id e nt ne utron be a m. In pract ice, th e 
instrument is set at a Bragg peak of an already known 
crys ta lline structure. Then by simply reversing the beam 
polarisation, D3B can make a highly sensitive measurement 
of the spin -de pende nt nu c lear-mag ne ti c in te rfere nce 
amplitude term which is present in the Bragg scattering of 
po lar ised ne utro ns fro m a si ng le-crys tal specime n 
magnetised in a fie ld. 

This technique is not restricted to ferromagnetic samples 
but it is sensitive enough to deal with mi lliBohr-magneton 
m ag ne t ic momen ts whi c h ca n be ind uce d in many 
paramagnetic samples at low temperature under a strong 
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magnetic field . An interes ting example is the study of 
YBaCuO high-Tc superconductors shown in the College V 
section of this report. 

For paramagnetic studies it is often necessary to work at 
low temperature in heavy cryomagnets with the kind of 
precision required in single crystal studies. The normal beam 
geometry with lifting detector is invaluable in permitting a 
simple geometry with the cryostat vertical so as to collect 
parti a l 3d data out of the hori zontal plane. D3B uses a 
Harwell MkVI diffractometer which is not equipped with the 
coax ial two-shaft design which was judged too costl y at the 
time. We have now bought such a used base from the recent 
Harwell Equipment Sales and it is planned to have it in place 
for the reactor start-up. The base has been checked, it is 
good and will provide the best geometri ca l prec ision for 
studies using the heaviest cryomagnets. 

The D3B instrument has the overall capability to co llect 
h igh prec is ion fl ipp ing ra t ios in a reproduci bl e way. 
Automati c wave leng th c hange hel ps for ex tinction 
corrections and the system reaches the highest standard in 
such measurements. 

An interesting further option is being discussed which 
would incorporate a small multidetector of the D1 5 kind. 
Because different "Stem-Gerlach" dev iations in large fie ld 
gradients will break the symmetry in the two spin states 
when combined with a pos ition sensiti ve detec tor, thi s 
detector might not reach the required standard. Nethertheless 
it should certainly be made available in case 01 5 is topped 
because many magneti c studies of a more general ki nd 
(phase transitions, incommensurate structures etc.) require 
such a fac ility. 

CRYOPAD-The Zero-field eutron Polarimeter 

In Sphe r ica l Ne utron Po lar im e try (SNP) all three 
components of the neutron polarization are under control in 
the incident beam as well as in the scattered beam giving the 
best possible neutron insight into the vector nature of the 
scattering process. 

To accomplish this difficult magnetic task in a compact 
and prec ise way, CRYOPAD takes adv antage o f th e 
mag neti c Me iss ner shi e ldin g effec t provided by 
superconducting thin niobium cylinders which surround the 
sample chamber. These cylinders are transparent to thermal 
neutrons. 

Because the prototype cryostat was des igned to study 
peri odic magnetic structu res involving re lati ve ly la rge 
sca tte rin g cro ss-sec tions in di scre te Bragg peaks and 
sate lli tes , the variable temperature chamber was 2cm in 
diameter and the precessing coi l arrangement could only 
deal wi th relatively small samples (a few rnm3) and a single 
scattering angle at a time. 

Recent proposals for work on inelastic cross sections and 
diffu e scattering require much larger samples and/or more 
general cattering conditions. At first , we have investigated 
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Meissner shielding effect in an open-ended cylinder using 
computer simulation. We are now building the 
corresponding annular cryostat; it comprises a large room­
temperature bore , 19 cm in diameter, with free top and 
bottom access. This is a volume large enough to think of 
many different sample environment devices. We are also 
working on a new design for the precession coils aiming at a 
wide neutron scattering angular window. 

By measuring the full rotation of the neutron polarisation 
in zero field CRYOPAD was shown to be a powerful tool 
for the investigation of complicated antiferromagnetic 
structures (see for example, Mn5Si3 in College V Report). 
For such magnetic scattering measurements, this new 
polarimeter CRYOPAD-II ought to be a second generation 
tool , more flexible and ea ier to use than the prototype. 
For example it will provide enough free pace at the ample 
axis to host an LLL Dilution Cryostat. It could also serve as a 
bench for the implementation of Spherical Neutron 
Polarimetry in low temperature physics, quantum liquids and 
nuclear pin order phenomena where this technique is not 
exploited yet. 

For the moment, at thermal wavelengths, only lN20 can 
host CRYOPAD at ILL, but the Heusler crystals used for 
neutron polarisation cause severe loss of intensity, and the 
available energy transfer is limited (50 meV maximum 
incident energy). 

To enlarge successfully the range of SNP studies 
we need improved polari ation tools like the 3He 
polarisation filter. 

D9 Four-circle diffractometer on the hot beam H3 

With the advent of very strong X-ray sources, notably 
the neighbouring ESRF, more and more preci e data can be 
measured for more and more complicated sy terns. The good 
use of these data is a challenge to all researchers dealing 
with structural problems, and the combination of high 
resolution X-ray and neutron diffraction results will 
undoubtedly play a part in unraveling many of the problems 
encountered. This is due to the complementarity between the 
nature of the scattering processes, which favours X-rays for 
the determination of electron densities and neutrons 
whenever question about the distribution of the nuclei arise. 

In the new group of official instruments a major role for 
D9 is therefore to cover this important part of all structural 
re earch, but it will also be vital that studies taking specific 
advantage of the mall position sensitive detector are 
continued. At pre ent this cover 32 by 32 pixel with 2 mm 
spacing, but it would clearly be of interest to have detectors 
with more element and higher resolution. It is therefore 
hoped that in not too far a future D9 would be able to benefit 
from the developments that gave the new detector for D20. 
Another possib ility is to shift to a photomultiplier 
technology and in thi ea e to take advantage of the test that 
have been done in collaboration with EMBL, and that i 
di cu ed in the report of college 8. In both ea es a 
resolution of about I mm can be approached with more 
available elements. 
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Such developments of position sensitive detector 
applications is in line with the other diffractometer at the 
ILL, and with a coordinated effort it should, as mentioned 
below, be possible to keep up with new demands as they will 
arise. 

When D9 was dismounted it only took two mornings. 
It is clear that it might take somewhat longer to assemble it, 
especially because the collimating system before the 
monochromator housing have to be realigned. There are 
however no major plans for changing any of the collimators, 
and only for the monochromator unit is a recabling 
envisaged during 1993. Likewise at present there are no 
plans for any changes in the diffractometer and its 
environment control units, mainly because the D9 was 
already well equipped, but also partly due to complete lack 
of man-power. Hopefully this will change at the approach of 
the restart when considerable testing of the equipment must 
be made. 

D4B Disordered materials diffractometer 
on the hot beam H8 

Further progress in the study of disordered material 
structures always requires higher accuracy in data 
acquisition. This is true for the local order investigations 
around a reference atom (e.g. using the isotopic substitution 
method) for which a statistical accuracy of 0.03% or better 
would be very useful. It is also true for accurate absolute 
structure factor (S(Q)) determinations for which accuracy at 
the per mille level allows us to discriminate between 
existing model or potentials. 

Reactor based disordered material diffractometers offer 
the advantage of well-defined experimental conditions (low 
background, appropriate sample environment, defined 
resolution function, constant incident neutron energy, 
constant tlux over the Q range investigated, well established 
chain of data treatment). Experiments are reproducible 
within the claimed statistical accuracy. In the last 20 years, 
the present machines (e.g. D20, D4B) have already been 
improved by a factor of about thousand due to focussing 
monochromators and small position sensitive detectors , 
further improvements (factor 10) will come in the next 
5 years from the banana detector on D20 and eventually a 
bank of small PSD's on D4. Gains on the monochromators 
by a factor 2 or 3 are also possible [Graphite 
Monochromators on D20, Be on D4B] . Such a gain in data 
acquisition will normally provoke a reassessment of the 
whole chain of data analysis and increase the need for 
accurate sample characterization. 

Computer simulation (M.D., Rever e Monte Carlo, 
Simulation of experimental condition and data analysi ) 
takes an increasing role in the study of disordered matter and 
has allowed us to compare theories, models and potentials to 
the mea ured S(Q). For the time being however a rather 
clear line demarcates the computing effort and simulation 
neces sa ry for the optimization of the experimental 
conditions and accurate data correction or analysis from the 
one needed for the physical interpretation of the 
measurements which is more specific. We have always tried 
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to provide the ILL users and visitors with at least one 
updated chain of data analysis, but there is a great need for a 
Common Standard and updated pool of programmes for data 
treatment. This probably implies some common policy if we 
move to UNIX System. 

D10 Four-circle three-axis spectrometer 
on thermal guide H24 

The installation of the electronics for the new five-phase 
stepper motors were completed and successfully tested. 
The staff of Departement des Instruments et Methodes and 
Calcul Scientifique as well as Service Electronique are 
thanked for their enthusiasm and effort. 

But what lies ahead? In the immediate future it is vital 
that DlO, being the only four-circle diffractometer in the 
guide-hall and thus perhaps the only four-circle 
diffractometer immediately available at the reactor startup, 
be kept fully and reliably operational. To ensure this, mock 
experiments will be run at frequent intervals until then. 

One long-term goal is to improve the user-friendliness of 
the instrument. Nowhere is the need for a user-friendly 
interface to the control program as great as on D JO with its 
dual role as a diffractometer and spectrometer. The types 
of experiments go from conventional diffraction data 
collection, through mapping of reciprocal space at high 
resolution for quasi-elastic scattering and at low resolution 
for measurement of diffuse scattering, to inelastic phonon 
and magnon measurements, all in full four-circle geometry. 
The extra demands that fewer instruments and fewer 
experienced ILL scientists will impose on the instrument 
responsibles make improved user-friendliness a priority for 
the future. The current joint ILL-ESRF-EMBL project on 
diffractometer control by UNIX workstations might appear 
to have little relevance to those of us for whom the 
replacement of our VAX computers is many years away, but 
we should all be watching carefully the development of the 
user interface in this project. 

It is hardly an overstatement to say that position­
sensitive detectors have caused a minor revolution in 
neutron single-crystal diffractometry in recent years, 
especially for macromolecular crystallography. With beam­
time at an even greater premium in the years ahead, position­
sensitive detectors should be installed on all diffractometers, 
and tried on seemingly inappropriate instruments such as 
polarised-neutron diffractometers and triple-axis 
spectrometers. Dl0 will also be joining the revolution. When 
D19's new larger detector has been commissioned, the 
present D 19 detector will be installed at D JO to improve 
efficiency of structural data collection and measurement of 
diffuse scattering, and to provide valuable test data for the 
new flat-cone diffuse-scattering spectrometer D5B. 

D15 Two-axis diffractometer with lifting counter 
on the inclined thermal beam IH4. 

Dl5 's location on an inclined beam maintains reasonable 
resolution out of the equatorial plane, which together with 
the out-of-plane access allowed by the tilting counter, means 
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that it is one of the few instruments that can give nearly 
complete 3D diffraction data even when bulky or heavy 
sample environments are used . Of particular note is the 
routine use of cryomagnets and pressure cells. The sitting of 
ancillaries, such as vacuum pumps and liquid nitrogen 
supply, has been steadily refined over the years to give an 
instrument which is mechanically very easy to use. Another 
feature is the recent installation of a small position-sensitive 
detector which offers several advantages such as significant 
reduction in experiment start-up time and to much easier 
understanding and measurement of incommensurate 
diffraction patterns. 

Despite - or perhaps because of - its proven reputation as 
a steady workhorse since the early days of the ILL, Dl5 will 
not be one of the 25 normally scheduled instruments at the 
reactor start-up. Nevertheless we believe that its future is 
assured, under the full responsibility of an external 
collaborative research group. Without wishing to limit the 
possibilities, we suggest that the interests of this group might 
cover magnetic and nuclear structure, including 
incommensurate structures, particularly at low temperature, 
or in strong magnetic fields, or under high pressure. Any 
groups interested in this coUaboration are invited to contact 
the ILL Directors, or the D 15 Instrument Responsibles. 

D16 Four-circle MK6 diffractometer 
on cold guide H16 

D 16 is a versatile neutron diffractometer which remains 
unique for whole sets of experiments requiring good 
Q-resolution at low Q. It has extremely flexible collimation 
conditions and sample environment area, 2 circle or 4 circle 
options, and the possibility of using crystalline, partially 
disordered or solution samples. With its graphite 
monochromator on a cold source guide providing a 
large beam of high neutron flux-A between 4 and 6A for 
11A/A "'l % -and its narrow wire spacing (high angular 
resolution) two-dimensional psd on a scanning arm, it is 
unique in filling a gap in neutron diffraction studies between 
the small angle scattering cameras I ike D 11 and crystal 
diffractometers. 

Studies in this gap are essential for structural 
determinations in a number of fields and D 16 has increased 
our understanding of biological membranes, collagen, 
polymer solutions, protein interactions, surface lattices and 
intercalated compounds, ordering in alloys, liquids, 
magnetic frustration, liquid crystals, micro-emulsions . 
Because of the low signal to noise inherent in most of these 
studies (the H content of many of these types of sample is 
relatively high and coherent diffraction is often weak on a 
strong incoherent background) a high flux reacto r is 
essential. 

D 16 features open and accessible sample area, flexible 
collimation, a large beam cross-section and the poss ibility 
of using partially di so rdered and solution samples of 
variable size (from "' I mm2 to "' I 0cm2 in cross-section). 
Sample environment facilities are available for the different 
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types of sample and they include cryostats , furnaces , 
magnets , pressure cells, constant humidity chambers , 
automated multiposition sample changers with temperature 
control for solutions. The users of D16 are not professional 
neutron scatterers. They are interested in problems in which 
neutrons can make unique contributions which are then used 
in a complementary fashion with results from other 
experimental methods. In the field of biological membranes 
neutron diffraction makes an important contribution because 
of deuterium labelling, the use of long wavelengths with 
negligible absorption and the possibility of studies as a 
function of environment while maintaining the sample active 
(hydration, very concentrated salt solutions, temperature, 
pressure) which are very difficult or impossible by X-ray 
diffraction or electron microscopy (the complementary 
techniques). The need for such studies is growing especially 
because of increased knowledge in the biochemistry of 
membrane proteins and of the interest which goes beyond 
the determination of a protein structure and questions how a 
protein interacts with the water and salt ions in its 
environment and how it moves. Questions that can only be 
addressed by neutron experiments. 

It is interesting to trace the development of D 16 in 
response to the needs of a specific scientific problem 
(biological membrane diffraction) and how this created an 
instrument that became useful in many other fields. First, the 
beam size on the original Mark 6 diffractometer was 
increased to the guide maximum and a 5cm diameter single 
detector was installed in a new shielding. Variable angular 
resolution was obtained from different sets of Soller slits, 
including a high transmission set made with cadmium coated 
mylar. Secondly, the next set of improvements included the 
small scanning two-dimensional psd and mounting the 
instrument on a Tanzboden to provide easier wavelength 
changes. Dl6 is easy to use and functions very smoothly 
with minimum maintenance. In case a third generation 
instrument could be envisaged the monochromator and 
detector arrangements would each be improved in order to 
profit even more from the high neutron flux on that guide 
position, and to increase the potential of the instrument for 
studies with even weaker signal to noise than the present ones. 

D19 Multidetector diffractometer for protein 
crystallography on the thermal beam Hll 

D 19 is a single crystal diffractometer with position­
sensitive detector. The new 20° x 64° position-sensitive 
detector, built by CERCA, Romans, France will be tested 
with neutrons at the end of 1992 and the final shielding and 
support table will be built during 1993. If money is available 
in 1993, the D 19 monochromator drum will be re-built to 
eliminate interference with the D20 beam. 

With something approaching a full- sized area detector 
D 19 should benefit for some experiments from installation 
of the data reduction system MADNESS used by many 
protein crystallographers. How to marry this with the present 
MAD diffractometer control software, and with the 
ADY ANCE area detector software pioneered for the ILL by 
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Clive Wilkinson and John Allibon (now both at EMBL) is 
an open question. The co-existence of Dl9 's VMS systems 
with newly-purchased Unix work-stations will certainly 
create extra work for scientists and programmers. Much 
work will be needed to help users understand and exploit the 
possibilities offered for all experiments by the new detector 
coupled with state-of-the-art software. Hopefully at least the 
user interface will be similar to those used in other 
laboratories such as ESRF. 

More generally the place of Dl9 in the diffraction group 
instruments will perforce be rediscussed when the new ILL 
list of at least 25 official instruments is implemented. Either 
D 19 will be used frequently for protein data collection or it 
will have to move toward experiments at thermal 
wavelengths under non-ambient conditions. Most such 
experiments can benefit from position-sensitive detectors , 
but the closeness of the detector to the sample position 
causes both mechanical and background problems. More 
challenges for all. 

D20 High Flux multidetector on the thermal beam Hll 

The year 1992 has been devoted to the completion of 
essential parts of the 160° PSD detector and of its 
electronics. By the end of the year all 50 glass plates, each 
carrying 32 detecting elements (cells), will be at hand, tested 
and ready to be mounted and aligned inside the detector 
vessel. This large body weighing 1900 kg has been 
outgassed during three weeks at 200C and is now leak.proof. 
Fifty-two pieces of high quality graphites (HOPG) have 
been ordered to bui Id a new monochromator for long 
wavelengths (A=2.4A). 

The construction of the definitive D20 will take place 
in the next two years in two stages: 

- In 1993, completion of the detector, of its complete 
dedicated electronics (1600 amplifiers and logic, of its VME 
data acquisition system and computer control (under Unix). 

- In the second part of 1994, the rebuilding of the whole 
instrument at its previous position on beam H 11 in level C. 

The PSD used on D20 up to now had a 12.6° horizontal 
angular aperture. Due to this limitation experiments 
requiring data on larger Q ranges were done in angular scan 
mode. This hampered the development of time resolved 
experiments requiring synchronous detection over a large 
angular range. In addition , the quality of the 
monochromators and filters was not optimum and the poor 
angular resolution at high diffraction angles limited the use 
of D20 in powder crystallography. 

The new instrument will feature a higher flux and better 
resolution through the use of better monochromators and 
filters. The priorities are with the HOPG (11.=2.4 A) and 
Cu monochromators (A= 1.3 & 0.9 A). 

The detector aims at perfection: 160° angular aperture 
with a high efficiency & homogeneity and a perfect stability. 
The Data Acquisition System & Instrument Control 
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(DASIC) is equipped with 1600 independent buffe rs. It will 
permit counting rates up to a fe w MHz over the detector and 
the control and live display of stroboscopic data acquisi tion 
(t ime sl ices dow n to 20 µ s) . T he ins trument will have 
dedicated standard low and high temperature environment, 
ampl e c ha nger , sample ori e nter (Eul eri an cradle and 

translations), room temperature vacuum vessel. 

Thi s ve ry powerful new powder di ffrac tomete r wi ll 
concentrate on two kinds of experiments: 

I) those requi ring close to Giga-counts in order to reach 
the high sta ti stica l accuracy (~1/1 "" 10-4)needed fo r the 
study of small fea ture in the Q dependence (di sordered 
systems) or subtle differences due to bulk transitions and 
suiface effects. 

2 ) th ose req u ir ing h ig h co un tin g ra tes for takin g 
"mov ie ,. of systems evolving continuously or periodicall y 
with time (time resolved experiments) . 

DB2J 

The normal function of DB2 l has been to investigate at 
low resolution the structures of protein single crystal s with 
large (normall y - 100 A) unit ce ll s. using 10 A wavelength 
ne ut ro n s pro du ce d by a n inte rca la ted g ra phite 
mon oc hro ma to r . Be fore th e s ta rt of th e reac tor 
refurbi s hm e nt , tes ts m ad e on s in g le c ry s ta ls with 
comparati vely small (- 60 A) unit cell edges demonstrated 
that it is practical to use the instrument wi th 4 A neutrons to 
determine these structures to 5 A resolution . From cells of 
thi s s ize, data was still measurable at scattering angles of 
90° , and a second (s tationary) two-dime nsiona l pos ition 
s~nsitive detector is being placed on the instrument to collect 
reflec tions a t hi g h a ng les . In o rde r to have seve ra l 
wavelength available on the instrument, a carousel of novel 
des ign whic h will allow the monochromator crystal to be 
changed remotely has been constructed and i shortly to be 
install ed in the H 15 guide. 

Coordinator: F. Tassel 
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Special instruments 
and experiments 

It became clear in 1992 that activities in this field in the 
future will differ greatly from what they looked like at the 
time of the reactor shutdown. ILL 's share in these ventures 
has probabl y to be reduced to ze ro , but it seems to be 
possi ble fo r Coll abo rati ve Research Groups to get the 
opportunity to work on spec iali sed appli cations of s low 
neutrons at the ILL high flux reactor. 

The fo ll owing gro ups have ex pre sed the ir interes t 
in continuing to work at the ILL after the reactor restart: 

Uni ver ity of Vienna 

CNRS Grenoble 

HMI Berl in 

CNRS Grenoble 

PTB Braunschweig 

-thermal neutron interferometry 

-neutron topography 

-depth profiling 

-Laue diffractometry 

-prec ision determination of-h/m 

University of Grenoble -neutron activation analysi 

University of Munich -evanescent wave diffractometer 

University of Innsbruck -interferometry 
with very cold neutrons 

The UCN/VCN-source on level D was used by numerous 
research groups in the years since its installation and became 
a highly appreciated research tool. It was therefore proposed 
to convert it into a normal scheduled instrument (PF2) on the 
formal basis of a long-term loan from the TU Munich to the 
ILL. Future experiments on this source (such as the EDM 
ex periment or the prec is ion meas urement of the neutron 
lifetime MAMBO-II) will then be treated like proposals on 
any other scheduled instrument. 

During 1992, equipment of several S-instruments has 
bee n remov ed from th e ILL . The neutron -a ntine utron 
oscillation experiment has come to an end and S20 (neutron 
topography) will be moved to the ORPHEE reactor at Saclay 
during the shut-down period of the ILL HFR. 

Major development work has been perfo rmed on the 
EDM experiment, the search for an Electric Dipole Moment 
of the ne utro n on the new neutron lifetime ex peri ment 
MAMBO -II a nd the PIAFE proj ect. Thi s wo rk is 
summarised as fo llows: 

Development work on the Neutron EDM experiment 

In the absence of ne utron s work is concentrated on 
setting up a system using nuclear spin pol ari sed 199 Hg 
atoms to measure the magnetic fie ld with high precision in 
the 20 litre sto rage ce ll whi c h wi ll ultim ate ly conta in 
s imul taneo us ly ultra-co ld ne utrons and l 99 Hg atoms. 
Merc ury vapour at 2 x I o-5 tor r is opt ica ll y pumped 
by c irc ula rl y po la rised me rc ury resonance radi ation of 
253.7 nm wave le ngth. T he pumpin g takes place in an 
adjacent I litre ce ll while the Hg atoms are di ffusing in and 
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accumulating steadily. At a stage in the two minute cycle of 
operation which is the point when the 22 litre cell has been 
filled with neutrons, a valve opens and the now spin 
polarised mercury then takes about 2s to flow in and mingle 
with the neutrons. During thi time the two cells reach a 
common mercury pressure of about I o-6 torr. In the process 
about I% of the neutrons will be lost through the Hg 
entrance aperture. In the next 2s the mercury spins are turned 
by magnetic resonance into a direction perpendicular to the 
magnetic field and subsequently allowed to precess freely. 
The precession is observed as the sinusoidally varying 
intensity of a second beam of mercury resonance radiation 
which has passed through the 22 litre cell along a diameter 
perpendicular to the magnetic field. The oscillatory signal is 
amplified and then digiti ed I 00 time per second with a 16 
bit ADC. The data, extending over an interval of about IOOs 
is used to determine the frequency of the free preces ion 
averaged over the interval. The osci llation is now seen with 
an initial signal-to-noise ratio of 2500 using a 2 Hz 
bandwidth. 

The first half of the year was devoted to (I) improving 
the stability and reliability of the two mercury light sources 
(2) optimising the mercury flow circuit (3) investigating the 
pumping conditions, for example, the spin relaxation times 
in the prepolarising cell, with and without the pumping light 
for various condi tions of the surface (4) installing the on-line 
RISK OS Archimedes microcomputer to take and analyse the 

4 layer mu-metal shield 

coil for 10 mg 
magnetic fie ld 

main 
storage cell 

UCN detector 

lm 

high voltage lead 

spectrosi l 
windows 

alumina 
insulating 
cylinder 

UCN polarising foil 

ma net 

ultracold 
neutrons 
(UCN) 

Fig. I : The new insrrumenr for measuring rhe neurron elecrric 
dipole momelll. 
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data and to pass the results to the main computer (5) 
investigating the affects of gas discharge treatments of the 
deuterated polystyrene coating of the main cell in relation to 
the spin relaxation time of the 199 Hg. Oxygen is the only 
gas found to have beneficial effects. There is a strong 
suspicion that small numbers of single atoms of hydrogen on 
the surface can catalyse the spin relaxation, perhaps by the 
formation of loosely bound paramagnetic HgH molecules 
which dissociate oon after they have had time to disorient 
the Hg spin. Oxygen may help to remove these lone 
hydrogen atoms. Factors of four improvement in the spin 
relaxation time have been obtained with oxygen. 
The improved time of about 60s is just long enough for the 
requirements of the experiment. Fomblin oil coated glas 
appears to give a satisfactory relaxation time for the 
prepolari ing cell and to remain in a good condition without 
recoating for at least six months. 

Over the summer it has been possible to run the Hg 
magnetometer routinely measuring the magnetic field for 
everal days at a time. The precision is being steadily 

increased and now corresponds to 2 nanogauss rms for a 60s 
relaxation time. The ultimate required is about I nanogauss 
rm . The latest improvement came with the installation of 
ome very large calcite crystal polarisers. Figure 2 is a plot 

of 330 readings taken at 2.3 minute intervals extending over 
12 hours in October. Here the relaxation time was only 
25 sees and the rms noise wa 5 nanogauss or about 5 part 
in I o7 of the field. The best rubidium magnetometer which 
runs alongside can measure with an rms noise of 
2 nanogauss so it is known that the true short term magnetic 
field noi e is ~ 2 nanogauss. The long term drift seen in 
Fig. 2 is almost certainly a real magnetic field effect due to 
temperature changes. The neutrons will measure the field 
with similar precision and at this point it would be 
interesting to be able to compare Fig. 2 with a similar plot 
obtained using neutron . 

The 199 Hg magnetometer fulfils much better the need to 
measure the same volume average field as that seen by the 
neutrons. The 85 Rb is in a coated glass bulb 30 cm away 
from the centre of the neutron cel l. Attempts to run rubidium 
or caesium in a similar way to the mercury ran into 
difficulties due to their greater reactivity with surfaces. 

MAMBO II, the Neutron Lifetime Project 

A new experiment for the determination of the neutron 
lifetime is currently under development. The aim is to reach 
a precision of one second using the method of storing ultra­
cold neutrons in a liquid coated glass trap with variable 
volume. This succes ful technique was developed at the ILL 
by W. Mampe et al [1,2]. The experience gained with the 
previous version provides the basis for this new design 
which includes the following features: 

- Stored ultra cold neutrons: UCN in a material trap 
are lost due to beta decay, absorption by the trap wall , 
escape through gaps and scattering by residual gas 
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Fig . 2: The magnetic field strength , averaged over the volume 
of the 22 litres 11/tra-co/d neLlfron storage cell. as a function of the 
elapsed time for the night of 20th October. 1992. Only the off-set 
is shown: the strength is 0.01 gauss. The data were taken with the 
atomic !99Hg mercury magnetometer which is under development. 
There are 330 measuremems at intervals of just o,,er 2 mins. 
The short term rms noise is about 5 nanogauss and mostly comes 
from the mercury and not the magnetic field. This is now close to 
1he target of ha1•i11g the short term noise he less than 2 nano gauss. 
The longer term drift shown is probably ca11sed by thermal 
e.tpansion of the inner magnetic shield in response to the daily 
temperature changes. 

molecule . Counting the remaining neutrons as a function of 
time and accounting for all other effect let u extract the 
beta decay time constant. 

- Variable geometry: The neutrons are tored in a trap 
with a variable volume to surface ratio. Extrapolation to an 
infinite volume to surface ratio yields the lifetime of the 
' free' neutron. Moving a side wall with a piston can change 
the torage volume in the range from 0-150 litres. 

- Liquid walled storage trap: The storage trap is coated 
with a pecial oil , Fomblin, containing only C , F and 
0 atoms, which ha a relatively high Fenni potential , a very 
low average absorption cross-section and which wets the 
gla . well and closes small mechanical leaks in the trap. 
Hydrogen atoms which much increase the wall losse in 
solid wall s easily diffuse out of the oil and into the vacuum 
pumps. The expected uniformity of the liquid surface in all 
region of the trap i s crucial to the success of the 
extrapolation just mentioned. 

- Controlled maximum and minimum UC energy: 
The storage trap is filled with neutrons in a well defined 
energy band. Thi s prevents th e entry of neutrons with 
energies higher than the Fermi potential of the wall and 
those with le than the minimum needed to reach the 
highest parts of the trap. Such neutrons would greatly 
complicate the behaviour. The tailoring of the spectrum is 
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achieved by pre-storing the neutrons in a large urrounding 
volume with an absorbing roof, within which is contained 
the measuring trap as shown in Fig 3 (see page 99). 

- Volume independent fill spectrum: As another 
condition for the successful extrapolation, one has to ensure 
that the fill spectrum does not depend on the magnitude of 
the storage volume. The only so lution i to make the 
entrance cross section proportional to the trap vo lume, 
by placing the trap inside the pre- storage volume and 
designing the whole trap sidewall to open as a neutron door. 

- Isotropic fill spectrum: As a result of placing random 
scatterers in the pre-storage volume, the neutron spectrum 
gets isotropic in momentum space, which i s also an 
important condition for the extrapolation. This may reduce 
the amount of irregularity needed inside the trap. 

- Gap free storage trap, guides, and shutters: The trap 
and pre-storage volumes, the piston and all shutter are made 
of glass. The movable wall moves inside the trap with 
0.1 mm play, which is sealed with the oil. All neutron guides 
are connected to the shutters without gaps and the shutter 
plates lide on oil films, leaving no gaps. 

- Monitored neutron flux: The neutron number density 
in the pre-storage volume is continuous ly monitored. 

- High quality neutron guides: All neutron guides are 
covered with nickel and are produced by the ' replica 
technique'. 

- Temperature control : Since the wall absorption 
depend on temperature it i necessary to stabilise and to 
make uniform the temperature of the storage trap to better 
than I °C. In addition, performing experiments at different 
temperature settings provides for important consis tency 
checks. 

De ign and construction of the instrument take place in 
clo e co llaboration between the ILL and H. Nagel at the 
Technical University of Munich, where the apparatu is 
curren tly mounted. The vacuum vessel ( ee photograph on 
page 99) the storage trap, motors and electronics have been 
delivered, most pieces are al ready machined and the final 
assembly will soon be Fini hed. The experiment shou ld be 
ready for operation at the ILL with the reactor start up. 

[ I J W. Mampe et al. , Phys. Rev. Let. 63 ( 1989) 593-596. 

[2] W. Mampe et al., ucl. In t. and Meth. A284 (1989) 
111-115. 

The PIAFE Project (Production, Ionisation, 
Acceleration de Faisceaux Exotiques) 

The PIAFE project was launched by the In titut des 
Sciences ucleaires (ISN) Grenoble, about two years ago. 
The aim is to use a fission source of the ILL reactor to 
provide neutron rich isotopes which will be tran ported via a 
beamline to the SARA accelerator complex at the IS which 

ome 400 m from the reactor. After delivery, the isotopes 



INSTRUMENT GROUPS 

will be accelerated to energies which are sufficient to 
surmount the Coulomb barrier so that they can enter into 
nuclear reactions. 

The general scheme is shown in Fig. 4. At the ILL 
reactor, the fission product isotopes will be generated from 
about I gram of 235u in a dedicated reactor channel where 
the neutron flux is about 1014 n/cm2 /s . The more volatile 
isotopes produced will diffuse into an ion source and, after 
ionisation preacceleration and passage through a mass 
selecting magnetic field, they will be transported to the 
SARA complex . On arrival, the isotopes will be put into 
much more highly ionised states in an ECR (electron 
cyclotron resonance) source and then accelerated with the 
two cyclotron arrangement there. Table l shows some of the 
estimated beam intensities for various nuclear species. 

PIAFE will be a powerful tool to study the influence of 
neutron excess on the probability of fusion yielding very 
heavy nuclei. A second aim will be the study of neutron 
currents in binary collisions. 

During 1992 there ha been increasing activity on the R 
and D studies required for the reactor source, the transport, 
the coupling to the ECR source , and safety studies. 
The collaboration for the project already involves groups 
from France, Germany, Belgium, Denmark, Sweden, Poland 
and Russia. 

ILL reactor 

core target separator 

ECR source t-----

W. Drexel 

reactor 
thermal N 

fission 

transport of 
exotic from 
reactor to 

accelerator 

physics 

Fig. 4 : The scheme f or the project PIAFE to use the ILL reactor 
and the neighbouring accelerator complex SARA as a Production, 
Ionisation, and Acceleration Facility f or Exotic beams. The project 
was proposed by staff of the lnstitut des Sciences Nuc/eaires (/SN) 
Grenoble. 
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Nucleus Usable beam Usable beam 
First cyclotron Second cyclotron 

Rb93 2. 109 3. 108 

Rb95 2. 108 3.4 107 

Rb97 4. 106 7. 105 

Kr91 I. 109 1.7 108 
Kr93 9. 107 1.6 107 

Kr94 2. 107 3.4 106 
Csl42 2. 109 3.4 108 
Csl44 1.7 108 3. 107 
Csl45 3. 107 5. 106 

Xe142 6. 108 1. 108 

Xel44 2. 107 3.4 106 

Table 1 

Estimated usable beam intensities in pps at the output 
of the first and second cyclotrons. 
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DIRECTORATE SERVICE 

Scientific Coordination 
and Public Relations 

Scientific Programme 

In view of the reactor shutdown during the whole year, 
many scientists have spent their time at host neutron centres 
for carrying out their experiments. 

To compensate for the lack of experimental activities at 
the [LL, a series of workshops was organised by the lLL: 

• Joumee des Polymeres et de Collo"ides. 
lLL (P. Lindner, E. Geissler) 14-15 April 1992 

• 2nd European Workshop on neutron, 
X-ray and light scattering as an inve tigative tool 
for soft condensed matter. 
Bombannes (France) 31 May - 6 June 1992 
(P. Lindner) 

• Determination of partial structure factors 
of disordered matter by neutron and anomalous 
X-ray diffraction. Joint workshop with the ESRF. 
lLL 10- l I September l 992 (J.-B. Suck) 

• Applications of high resolution gamma-spectroscopy 
in studies of atomic collisions and nuclear lifetimes. 
lLL 5-7 October 1992 (H.G. Borner, M. Pendlebury) 

In 1993 the following workshops will be organised: 

• Neutrons and X-rays in the study of magnetism. 
Joint workshop with the ESRF. 
lLL (G.H. Lander (EITU Karlsruhe) , 
W.G. Stirling (Keele), C. Vettier (ESRF)) 21-23 
January 1993 

• Memorial Colloquium Walter Mampe 
ILL (M. Pendlebury) 29 January 1993. 

• Dynamics of Disordered Materials II. 
ILL (A.J. Dianoux, W. Petry, D. Richter (Jtilich)) 
22-24 March 1993 

• Focu ing Crystal Optics. 
lLL (A. Mager() + PTB Braun chweig 
10-11 May 1993 

• Reunion annueUe du groupe franyais d 'etude 
des Quasicristaux. 
lLL (C. Janot (CNRS) 2-4 June 1993 

Project for 1993: 

• Work hop on detector . 
lLL (P. Geltenbort) 

• 3rd European Workshop on neutron X-ray and light 
scattering a an inve tigative tool for oft 
conden ed matter. 
Bombannes (P. Lindner) 

Public Relations 

The ILL ha participated in 2 public event at Grenoble: 
on 12- 14 June 1992, the French Mini stry of Education 
organised get-togethers in variou French cities between the 
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population and representatives from the pertinent research 
institutes in each region of the country (Journee 
"La Science en Fete"). 

On 15-18 October an exhibition of high tech firms and 
research institutes (TEC 92) was organised by the town 
of Grenoble. 

At both events the lLL participated with a stand showing 
its activities. 

SCAPRO in collaboration with EDEX tarted to 
establish a permanent exhibition hall (former Library) on the 
first floor of the ILL main building. Hi torical and up-to­
date pieces of equipment in the neutron field will be 
displayed as well a many poster describing neutron 
instruments and neutron experiments. 

Al o many brochures, leaflets and workshop proceedings 
will be on display. 

Safety, Medical and Health 
Physics Group 

Health Physics and General Safety 

Apart from the usual duties of assistance to the different 
departments, the Health Physics and General Safety units 
were occupied in 1992 with monitoring the dismantling 
work in the reactor. 

The Health Physics Unit in particular has et up a strict 
system of radiological monitoring of persons working on the 
project. It has also carried out two e sential technical 
functions: 

• Decontamination of various slightly active reactor 
components, 

• Disposal of active parts which cannot be reutili sed. 

Training of staff in health phy ics and general afety has 
continued. In truction in the use of fire extinguishers has 
been added to thi programme. 

Medical Service 

The establishment of the ESRF/EMBL/ILL Joint Works 
Medical Service ha continued. The econd nurse is now 
working full time. The project to install the Medical Service 
in another building ha been fini hed in February 1993. 

In the frame of the ILL security training program, the 
doctor ha also organized a number of information meetings, 
on back problems, on the biological effects of radiation, etc. 
The whole staff is concerned by this training program, with 
the intent to improve the general work safety in ILL. 
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Joint ILL-ESRF Library 

1992 Scientific Literature Budget: 1190 KFF, HT 

ILL Share: 65% = 773 KFF, HT 

Despite the budget difficultie s of the ILL and the 
tremendous increase in the cost of journals (more than 10% 
per year), the library could operate in good conditions thanks 
to the participation of the ESRF to all library expenses: 

• Staffing levels were completed since January 1992 
resulting in a team of both ILL and ESRF employees 
reporting to the ILL Director and giving equal service to all 
com mon s ite users, as well as to many visitors from 
neighbouring institutes. 

• The Joint ILL-ESRF Library moved to the Common 
building last June: 

20 000 bound volumes of journals, 
10 000 books, 
and about 30 000 other documents 

were transferred and reinstalled within one month by the 
staff of EDEX Department. The existing furniture was also 
moved and reinstalled: Due to the increase in the library 
surface from 350 to 700 square meters, it had to be 
completed by new shelves, additional chairs, display for new 
journals ... 

• Library automation prepared since 1986 became a 
reality in 1992: the implementation of the LORIS-DORIS 
software under UNIX on a microcomputer Compacq 
4856/33 by the ESRF computing services was done in 
March 1992. Up to now 3300 notices have been entered and 
are now searchable from the library. In the future, the access 
to the I ibrary catalogue of books will be extended to all 
offices on the ILL-ESRF site. 

• Current Contents on Disquette with abstracts has been 
installed from 1992 on the Appletalk network of the ILL, 
giving an outstanding current bibliographic tool to ILL as 
well as to ESRF scientists. The number of computerized 
literature searches remained constant (200) 

• I 0 new titles of scientific journals could be subscribed 
to in 1992, bringing to 250 the number of current titles. 

• 850 Books were processed 

- 500 for the Joint Library 
- 230 for ESRF Departments or Divisions 
- 120 for the ILL Divisions 

• 500 volumes of journals were bound 

In close relation with ILL scientific activity, the library 
compiled and edited the 1991 volume of Experimental 
Reports and Theory College Activity, the last after 20 years 
of regular publishing. 
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Publications received in 1992 by Subject: 

600 Publications were received in 1992. 
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General 
In 1992 the department was faced with two contradictory 

requirements: 

on the one hand the reactor shutdown offered an 
exceptional opportunity for work on numerous instruments 
available for maintenance operations or modifications which 
had generally been desired for some time; 

on the other hand the need for economies on ILL funds 
in favour of the reactor refurbishment Jed the DIM to offer 
it services to external laboratories. While giving priority to 
assistance to the ESRF, the department has tried to make 
contacts and to start collaborations which should prove 
fruitful in the future . 

The response to these two requirements does not affect the 
increased contribution to the work associated with the reactor 
refurbi hment and to the neutron distribution facilities. 

Mechanical engineering 
Although the ILL's scientific activity is reduced, the 

mechanical engineering group's workload has not 
diminished, in view of the amount of work in progress on 
the instruments, but also because of its contacts with 
external laboratories (collaboration with ESRF, PSI, HMI). 

The mechanical engineering group is also making its 
contribution to the effort for the reactor refurbishment, both 
in practical form (dismantling, tudy of auxiliary assemblies, 
machining, reinstallation, etc.) and in theoretical form, for 
example by modelization of the reactor vessel and studying 
its dynamic behaviour in the pre ence of seismic excitations. 

Workshop and Assembly Hall 

In addition to a normal retirement, there was a 
considerable reduction in the staff of the assembly hall in 
1992, due to one resignation and three detachments (to the 
reactor, ESRF and HMI). Despite this reduction in personnel 
the assembly hall, with the assistance of some members of 
the Instrument Operation Department staff, undertook the 
project for rebuilding the beam shutters and afety loops. 
The aim was to redefine and rebuild the 80 beam shutters of 
all the ILL instruments, while improving the safety and the 
qualities of design, construction, assembly and tests (Quality 
Assurance). Certain traditional activities of the a sembly hall 
have been maintained , as for example balancing and 
endurance tests on choppers (IN 15) and velocity selectors 
(D22 "Dornier" selector). 

As before, mechanical manufacture has been directed 
to external firms or to the ILL workshop. 
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Because of the considerable reduction in the assembly 
hall 's potential for intervention work, the workshop has had 
to extend its skms: for example to mechanical maintenance 
and metrology of modular assemblies for the instruments, 
precision cutting of glass sheets which support the electrodes 
(microstrips) of the D20 multidetector. 

The workshop is assisting with the reactor refurbishment 
work by responding very quickly to its requirements, and by 
machining slightly radioactive assemblies such as the beam 
tubes (machining which it is very difficult to subcontract 
out ide ILL). 

Drawing Office 

Two of the seven draughtsmen in the drawing office 
have devoted the majority of their time to special tasks; 
the first has worked on the assembly of several beamlines 
for ESRF, and the second designed auxiliary equipment 
necessary for the reconstruction of the reactor (e.g. storage 
container for beam tube H5 , mechanical part for the new 
cold neutron guides NG 12 and NG 13). 

The other draughtsmen have worked either on 
improvements for existing instruments, or on new 
in truments. 

Improvement of existing instruments 

PN I: adaptation of a new focussing magnet. 

GAMS2/3: complete rebuild. 

D3B: reconstruction of the polarizing 
monochromator area. 

INI IC: new magnetic configuration after the ample. 

Continuation of studies for D22: standardization 
of "standard" areas of the SANS D 11, D 17 and D22. 

Continuation of the studies for the installation of the new 
multidetector on the existing instrument D20. 

New instruments 

- New very high resolution gamma spectrometer 
GAMS5. 

- Intensive continuation of studies for IN4C. 

- Feasibility study for NESCA, 
a Neutron Strain Scanner. 

Calculation laboratory 

The most significant of the tudies carried out were 
as fol1ows: 

dynamic behaviour of the reactor vessel subjected 
to seismic excitation: 
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- modal analysis, quasi-static analysis, study of 
sensitivity of vibration eigen frequencies resulting from 
structure modifications of the reactor vessel; 

- magneto-elastic study of a superconducting coil 
(vertical field 2.5 Tesla); 

- thermo-elastic study of mirrors and monochromators 
under thermal load, and minimization of induced curves 
(contracts with ESRF); 

- study of static behaviour of the vacuum box of the 
future in trument IN4C; 

- analysis of critical rotation velocities of the IN4C 
chopper; 

Electronics Group 
The beginning of the year was characterized by the task 

of dismounting the experiments in the reactor hall. Some 
experiments had been dismounted so that they could be 
reinstalled relatively easily (without cables being cut, etc.) in 
the future. Others had been dismounted less delicately, 
e pecially in radioactive areas, where cables had in any case 
been corroded by radiation . Others will undergo 
considerable modifications during the reactor shutdown; so 
·they will need a new construction anyway. 

Some instruments or copies of them had been moved 
to other centres: in particular: 

• IN JO: simplified copy moved to NIST 
(Washington) - (electronics) 

• INIS: simplified copy moved 
to SACLA Y - (electronics) 

• D l A: moved as a whole instrument to SACLA Y 

• T 13A: moved as a whole instrument to SACLA Y 

• IN6: moved to SILOE - (electronics) 

• D l 3C: moved as a whole instrument to SILO E. 

Progress or acceptance test of new experiments. 

D20: data acquisition electronics in VME for the new 
D20 with the 1600 Banana has been going into series 
production (6 crates of VME electronics) part of which is 
already delivered. The three dimensional real time display 
has been completed and improved and is already used in 
addition to D20 in other VME experiments with time-of­
flight analysis and/or multidetectors. 

[N 15: acceptance was effected with certain reservations 
as some items could not be tested without neutrons. 

D22: the first level of "Programmable Controller" has 
been operated and accepted. This type of electronics is based 
on VME but includes reliability and programming 
techniques of programmable controllers. 
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The first level of data acquisition has been installed and 
tested. This type of "Histogramming" accepts data from a 
multidetector and increments them at an event rate of 
I million per second. This was implemented in using 
programmable gate array logic, which is a modem way of 
producing hardware which can be edited and modified via 
software. 

A joint project was started together with ESRF to show 
feasibility of ILL VME electronics together with UNIX 
architecture influenced by ESRF. D82 I was selected as an 
available four-circle instrument. The existing CAMAC 
electronics were duplicated by VME electronics. Full 
functionality was demonstrated to the joint ILL/ESRF 
working group. A major input was given to the project by 
the ILL Computing Department. 

A demonstration was given by using an artificial neutron 
source on the 128 x 128 cell multidetector, with a coloured 
three-dimensional real time display originally developed for 
D20; but now used on all area detectors or time-of-flight 
instruments with VME. 

The Electronics Group lost 50% of its technician staff, 
mainly detached to ESRF; this fact proves the competence 
of the ILL electronics staff and the modernity of ILL 
electronics standard, especially in respect to the VME 
standard, also selected as the principal standard 
within ESRF. 

Monochromator Group 
It is vital for the work of the group to have experimental 

facilities at hand which allow a detailed analysis of the 
reflection properties of large single crystals. Of cour e, the 
most important information for the purpose of the group is 
obtained on a neutron diffractometer. The transfer of our test 
instrument Tl3C to the nearby SfLOE reactor at the CENG 
proved most valuable. In spite of the reduced beam quality 
available (fixed wavelength position behind a 4-circle 
instrument, small beam size, limited space) TI 3C was 
heavily demanded for numerous tasks and it produced 
valuable results all year long. SILOE will be shut down at 
the end of the year for an extended period. To cope with this 
situation the second diffractometer of the group Tl3A 
including the entire electronics will be transferred to LLB at 
Saclay. 

In further compensation for the loss of neutron beam 
time we have upgraded our-X ray single-crystal 
diffractometer. It now features higher resolution 
(Ka2 radiation suppressed) and a more stable mechanical 
design for the tube and the monochromator part. It is used 
for example routinely for studies on the plastic deformation 
of beryllium single crystals. A further X-ray generator and 
associated equipment which so far has served the diffraction 
group has been transferred to the group's X-ray lab. 
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During this year we have defined a number of procedures 
to make improved monochromator material and we have 
prepared several crystals which will be assembled during 
1993. For example Ge crystals as needed for 028 and for 
020 wiU be made by a novel wafer-based technique which 
results in very homogeneous reflection profile for large 
areas. In addition, it provides a favourable anisotropy for the 
mosaicity. This development driven during the last few 
years by L. PASSELL from Brookhaven National 
Laboratories has come to maturity and it can now be used in 
the con truction of spectrometers. 

A further large effort has been devoted to the growth and 
the characterisation of a large number of copper crystals 
which are needed for lN4, 09, 019 and 020. 

The status of the beryllium project has been discussed on 
a broad basis during two workshops in Jtilich (April) and in 
Stuttgart (November). The Max Planck lnstitut in Stuttgart is 
making an increased effort to improve the quality of the as­
grown crystals by a modified pulling technique and by 
subjecting the crystals to high temperature annealing cycles. 
The present results are very encouraging and it can be 
expected that an appropriate plastic deformation can be 
achieved more readily with the new quality standard of the 
cry tals. 

A particular experiment should be mentioned: Hgl2 
crystals were grown in microgravity during a mission of the 
American space shuttle early this year. This experiment was 
provided by CNES. (Actually, there was a second 
experiment on the growth of Hgl2 on the same flight). The 
Monochromator Group has been asked to characterize 
structural propertie of these crystals on our high energy g­
diffractometer and to compare them to crystals grown by the 
same procedure (identical furnace) on earth. Following 
visual inspection these experiments were the first in a series 
of investigations on HgI2 crystals grown in space. The 
photograph on page 100 shows a specimen in its original 
quartz ampoule on the instrument. 

Multidetector Group 
Last year was the first full year without neutrons from 

the reactor and without users . In this difficult period the 
detector group was also not spared from changes. Two 
technicians have already left the Institut, and within the 
scope of staff reduction and reorganization even more 
sacrifices will have to be made. Fortunately, the importance 
of the development of new detectors for progress in physics 
and other sciences has been underlined by the this year's 
Nobel prize in physics awarded to Georges Charpak from 
CERN. Incidentally, Georges Charpak was a member of 
JLL's instrument subcommittee from 1983 to 1986 . 
Parallelling his work, published in I 968, on one-dimensional 
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Multiwire Proportional Chambers (MWPC) for charged 
particles, a technology of two-dimensional MWPC for 
neutrons was developed in the framework of a LETI-ILL 
collaboration (patent in 1968 by J. Jacobe et al.) . Such 
position sensitive detectors (PSO) have contributed to the 
success of many instruments not only in particle physics but 
also in neutron research. That is why the fLL group is 
putting a steady effort into improving existing detectors as 
well as developing new ones based on this wire technology. 
Thus the prototype small angle detector of the future IN4C 
instrument (cf. Annual Report 1991 and figure I) has been 
completed and tested with a neutron beam at the LLB, 
Saclay . The tests 1) have shown that the wire structure 
envisaged is valid and just some minor adjustments and 
modifications have to be carried out in the realisation of the 
final detector. 

This year, however, the lion's share of research and 
development work went into Microstrip Proportional 
Counters (MSPC). This new approach in gas filled detectors 
was initated at the ILL (patent in 1986 by A. Oed) and offers 
many important advantages, amongst others, by overcoming 
the limitations in countrate capacity and spatial resolution of 
classical MWPCs. As already pointed out in last year's 
report such an MSPC works impeccably in pure noble gases 
without any quenching gas. All of the five noble gases and 
various noble gas mixtures have been tested, leading to the 
following conclusions2): the higher the molecular weight of 

Fig. I: Prototype of IN4C detector ( 3 sectors with only 6 cells each). 
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the noble gas the higher the limiting gas amplification, and 
Xenon behaves like a quenching gas when mixed with other 
noble gases. As a consequence of the large avalanche and 
absence of quenching, such an MSPC can be used as an 
active scintillator by making u e of the light emission within 
th e av al a nc he ju s t abov e th e MS -pl ate . Th at is wh y 
comparative measurements with the standard scintillator 
materia l NaI(Tl ) have been carried out. From the spectra 
shown in fi gure 2 it can finally be deduced that the light 
emission in the vi sible region is 60 times higher with an 
MSPC, just used to make the avalanche in the gas, than it is 
with the sc intill a to r. Furthe rm o re, th e fi r t ever two­
dimensional po ition sensitive detector for neutrons based 
on microstrips has been succes full y put into operation 3)_ Its 
des ign is shown in fi gure 3. The glass support is 0.5 mm 
thick and has a size of 5"x5". Through the uncovered gla s 
surface the ion cloud around the thin anode strips induce a 
signal on the rear trips which are perpendicular with respect 
to the MS tructure on the front. The ignal height on the 
back depends on the thickness of the ubstrate, s ince the 
metallic strips on the front act as a screen. In this particular 
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Fig. 2a: Pulse-height spectrum of the 5.9 keV X-ray measured 
with the charge pulses of the MS-anode. 
Fig. 2b: Pulse-height spectrum measured with the PM observing 
the emitted light from the MS-anode during the measurement. 
The line on the left side serves for calibration of the multiplier 
by using a Nat (TI) scintillator irradiated with the same X-rays. 
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Fig. 3: Two-dimensional micros/rip plate with integrated 
resistive line. 

case, with a glass thickne s comparable to the distance 
between the thick cathode trips the induced signal is about 
1/3 of the anode signal of the fron t. All electrodes belonging 
together are linked via a res istor line which is integrated 
onto the plate. Thus the position coordinates can be easily 
de te rmined from the charge divi sion of the signals. To 
determine the spati al resolving power of the detector it was 
fill ed with 3.5 bars of 3He and 1.5 bars of CF4 as the 
stopping gas. Neutrons from a collimated Am-Be-source 
were used. With a count rate of 4 n/s a measuring time of 
240 h was needed to accumulate the data for fi gure 4. The 
distance between point i and " i" is about 2 mm, hence the 
measured position resolution is about l mm and corresponds 
to th e mean va ri ati on of the ce ntre of gravity of the 
ionisation tracks of charged particles of the 3He(n,p)3H + 
770 keY reaction in the gas. It should be emphasized that an 
MS plate does not necessaril y require an orthogonal strip 
structure as shown in figure 3; any structure adapted to the 
ex perime nt , suc h a c irc les, or seg ments, e tc. can be 
produced by the microlithographic technique. Furthermore, 
it is poss ible to bend an MS-plate in a furnace. 

In the domain of transferring the MWPC technology to 
indu try, several PSDs have been finalized by continuous 
support of our experts, amongst them the new D22 detector. 

In these days without neutrons PSDs have already been, 
or are be in g prepared to be in s ta lled at othe r neutron 
research centres. 
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Fig. 4a: Letters of the ILL-logo "iLL" made from neutron 
absorbing B4C. The distance between point and line 
of the "i" is 2 mm. 

Fig . 4b: Neutron image of the above letters taken with a rnicrostrip 
gas detector. Since reactor neutrons are presently not available, 
the detecror was irradiated by a collimated Arn-Be source. 
The exposure time was 240 hours ar a rare of 4 counts per second. 
(see also picture on page 2). 

To improve the basic installations within the ILL group a 
3He-gas recovery unit is under construction in collaboration 
with the cryogenic service of the lnstitut. 

1) D. Feltin, Essai du detecteur prototype d 'IN4C, DIM-
92/198-DF 

2) P. Geltenbort, A. Oed, Feature of microstrip 
proportional counters, Conf. on Slow Neutron Imaging 
Detectors SPIE '92, San Diego, USA 

3) J.-E. Assaf, Etude et realisation d'un detecteur gazeux 
a microrubans pour I 'imagerie des neutrons thermiques, 
These 1992. 
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Fig . 5: Measured transmission of a supermirror bender 
at the Reactor of the TU Munchen . The solid curve is a theoretical 
estimate using the individually determined reflectivity curves 
(from K. Raum, diploma thesis). 

Multilayer Laboratory 
Despite the lack of testing facilities due to the reactor 

shut-down, the multilayer group has continued the usual 
efficient production of neutron mirrors in response to the 
increasing demand for optical devices for both internal and 
external use. 

On a commercial basis neutron guide elements have been 
coated with supermirrors for the Risl?l National Laboratory 
(Denmark) and polarizing supermirror elements have been 
supplied to the KFA Jtilich. The latter are to be implemented 
in a wide beam analyzer for the multidetector of a small­
angle instrument. 

On a more collaborative basis polarizing supermirrors 
have also been supplied to the Technical University Delft 
(The Netherlands) and to LLB (France). In addition, two 
supermirror benders have been lent to HMI Berlin and 
a further bender is in use at PSI (Switzerland). 

A fruitful collaboration with U. Schmidt and D. Dubbers 
led to the construction of a non-polarizing bender which has 
been installed in a beam tube of the Munich reactor. The 
60 cm long, 2.3 cm wide bender effectively reduces the 
y-background and maintains a useful solid angle down to 
1.5 A. The transmission of the bender, shown in Fig. 5, is 
well matched to the beam tube spectrum. A second focusing 
supermirror bender is presently under construction for the 
Munich reactor and a further one is planned for installation 
at Braunschweig (in collaboration with Stockmeyer, Jtilich). 
In the meantime work has started on the production of 
polarizers for the IN! lC analyzer, a project which will 
occupy the Electrotech evaporator for at least one year. 

Besides the evidently productive side of the group's 
activities, a significant amount of effort has been invested in 
research and process development, essential to keep ILL at 
the forefront of neutron multilayer technology. We have 
profited from collaboration with A. Menelle at LLB, Saclay 



INSTRUMENTS AND METHODS DEPARTMENT 

to investigate multilayers (both polarizing and non­
polarizing) by neutron reflection. In particular, the EROS 
reflectometer at Saclay was modified to operate with 
polarized neutrons and measurements performed on various 
TiCo multilayers. The experiments clearly evidenced the 
existence of a non-magnetic region at the surface of the Co 
layers. Further measurements are planned in a continued 
collaboration. 

Another fruitful cooperation with PSI (Switzerland) has 
allowed a number of developments to be investigated. In 
particular a gradient layer monochromator has been 
fabricated and tested. Such a monochromator could be used 
to obtain a variable wavelength at constant 20, an interesting 
development for a reflectometer. 

Although the evaporators have served the ILL well for a 
number of years, future developments will require the use of 
new and composite materials, thinner layers and better 
control of layer and interface characteristics, i.e. the 
deposition technology must be updated. Development 
towards sputtering technology is an inherent part of the 
group program and has been initiated with the acquisition of 
an rf-excited ion beam gun what will be put into operation in 
the near future. The controlled bombardment of a growing 
film by an ion beam of variable energy allows essential 
properties such as film stress, structure and interface 
roughness to be modified. The test programme will rely on 
continued collaboration with LLB (Saclay) for neutron 
reflection measurements as well as the development of in­
house facilities for grazing incidence X-ray and stress 
measurements. 

With the growing demand for optical elements in 
scattering experiments the development program will enable 
ILL to meet the needs of the future. 

Publications and conference proceedings 

1) 0. Elsenhans, P. Boni, H. Grimmer, P. Buffat, 
K. Leifer and I. Anderson 11 th International 
Conference on Vacuum Metallurgy, Antibes 1992 

2) I. Anderson Proc. SPIE, San Diego 1992 

3) 0. Elsenhans, P. Boni, H.P. Friedli, H. Grimmer, 
P. Buffat, K. Leifer and I. Anderson Proc. SPIE, 
San Diego 1992. 
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Other Activities 
Neutron Guides 

The order for the refurbishment of the glass part of the 
HI-H2 guide system has been placed. The work has been 
continued by ILL staff with the dismantling of the glass in 
the housings of the swimming-pool part and in the 
mechanical supports of the in-pile part (see pictures on 
page 101). The delivery of the glass guides is planned in 
autumn 1993 and the mounting of the guides has to be 
commissioned for the reactor restart in 1994. 

The design of the mechanical part for the new NG 12-
NG 13 guides project on the vertical cold source is finished. 
The quotations resulting from a call for tenders are available. 
The decision on the project has to be taken. 

The replacement of the electrical controls and the valve 
system for the vacuum pumps of the neutron guides has been 
started. 

Refurbishment of the beam-shutter 

The refurbishment of the beam-shutter system is 
scheduled to be finjshed for the reactor restart. The complete 
system consisting of the mechanical shutter, the electro­
pneumatic control and the electrical control is being 
reviewed and rebuilt under Quality Assurance. 

Computer aided design 

The drawing office is working with 5 PC based Autocad 
Release 11 and most of the PC are connected to the local 
area network DECnet. 

One of the two workstations, operating since 1987 for 
the EUCLID CAD system, was replaced by a VAX station 
3100 M76 borrowed during the reactor refurbishment from 
the Computing Department. 
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COMPUTING 

Overall, the year has been dominated by the preparation 
of the Unix Plan, that is to say, a plan for progressively 
converting all the Institut ' s computing activities to run on 
Unix-based ystem . 

The key i ue has been how to take into account the 
existing stock of program which have been developed over 
a period of 20 years and which represent an enormous 
investment for ILL. Even in the absence of Unix conversion, 
many of them would no doubt have benefitted from being 
tidied up and adapted to make use of the functionality 
available on modern workstation , but the availability of 
sufficient manpower to make a comprehensive review seems 
in doubt, especially at this time of reductions in overall staff 
numbers. 

Nevertheless, a proposal was made to the Spring Meeting 
of the Steering Committee, and subsequently revi ed for the 
Autumn Meeting, where the general outline of the Plan was 
accepted and an initial budget accorded to start in 1993. 

The immediate aim i to have achieved the conversion of 
the general infrastructure (central facilities and network) 
before the Reactor restart, as it is feared that, from that time 
on , the daily obligations in respect of the experimental 
programme will eriou ly limit the rate at which conver ion 
work can continue. 

Whilst the Project will be pursued with enthu iasm, there 
inevitably a feeling that, given the never ending equence 

of technological development in the computing field , long­
term plans stand little chance of being adhered to for more 
than a few years. For example, with Digital's announcement 
of the arrival of the Alpha range of machines, one finally has 
equality between VMS and Unix in re spect of 
performance/price ratios. 

Central Facilities Service 

Operations 
The Group ha re ponsibility for the following systems: 

for scientific purposes-

- a cluster of 5 DEC VAX machines (8700, 8650, 
3 V AXStations) running under VMS 

- 2 system running Unix (DECStation 5000-200, 
HP 9000-7 LO). Together these machines (each with a license 
for 8 simultaneous u ers) provide a useful computing resource, 
and an environment for converting programs to Unix . 
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for management information services-

- a PDPl I for applications developed at ILL 

- 2 micro VAXes for the areas of finance, medical, 
benevolent fund (mutuelle) 

- 2 HP systems running under Unix for new 
applications developed under Oracle 

In the scientific area the level of activity has been: 

- for the Cluster, a mean total of 800 hrs CPU/month 
(normalised to the VAX 8650 proces or), with a peak 
of I 000 hrs in September and October 

- for the Unix machines, 200 to 400 hrs CPU/month 

Concerning these statistics, one notes that the level 
of use is holding up despite the Reactor shut-down , 
principally due to simulations and modelling calculations. 
The introduction into the cluster of a workstation with twice 
the power of the VAX 8650 has helped to speed up this type 
of job. 

Work coming from ESRF has tended to steadily rise, 
reaching I 00 hrs CPU/month towards the end of the year. 

The Operations Group also has the responsibility of 
providing the first level of intervention when problems arise 
on the distributed terminals, printers, Macintoshes and PCs. 
This ha enabled significant savings to be achieved on 
external maintenance contracts. 

Systems and Networks 
On the Cluster the main event has been the in taJlation of 

the latest ver ion of VMS , 5.5-1 , which has introduced 
important changes in the verification of software licenses, 
management of queues and sharing of peripheral devices. 

On the Unix side, the HP 9000-7 IO has been installed 
with network protocols enabling terminal access via the 
DECServers. A total of 3 DECStations running Ultrix is 
supported (2 used by DIM for structural calculations) . 

As part of the tudies on compatibility between Unix 
systems, the discs on the DECStation Ultrix machine have 
been made accessible from the HP system (and also from the 
Cluster). 

Concerning external networks, access to Internet has 
been introduced. Apart from interest in Internet as such, thi 
has become es ential because, within France, EARN is being 
uperseded by the new regional and national research 

networks. The EARN link between Grenoble and 
Montpellier will cease to be supported in I 993 , obliging 
users either to move to another network such as Internet, or 
use special links to access EARN and BITNET. 

Access to the other external networks: Tran pac, JANET, 
HEPNET, remains unaffected. 
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Mathematics 
The environment traditionally available on VMS 

ystems , notably AG subroutine library and Fortran 
Compiler , has been installed on the Unix systems 
(DEC and HP). 

ln respect of the conversion of programs to run on Unix 
systems, the following preparatory work has been carried out. 

The scientists have been provided with certain guidelines 
to aid conversion, and a range of tools has been installed on 
the target Unix systems. 

A detailed study of Fortran 90 was made, leading to the 
recommendation that it seemed to offer the best solution for 
converting VMS Fortran programs. Currently it is a 
compiler supplied by NAG which is in use, but with others 
now coming on the market, one is looking to achieve better 
compatibility with libraries compiled under Fortran 77. 

A study is being made of the various conversion tools 
which are now coming onto the market. These tend to be 
based on analysing the structure and quality of the program, 
with a view to restructuring. 

The ABFFIT package (w hich fits data from powder 
diffractometers and simi lar), has been modified to allow the 
inclusion of external executable code . Additional 
mathema tica l functions now permit its app lication to 
asymmetric peaks. In this way, time-of-flight data generated 
at the RAL ISIS neutron source has been fitted. 

A statistical ana lysis package, ABCDAT A, offering 
statistical too ls such as linear and non -linear regression , 
suitability fitting, Monte Carlo simulations, etc. has recently 
been completed. 

To help ILL improve its image amongst the general 
public, the Group has played a leading role in creating on a 
Macintosh (together with scientists and two outside software 
houses) a hands-on interactive program simulating neutron 
scattering experiments. This product has successfully been 
put on display at two local cience fairs, 'la Fete de la 
Science' and TEC92. 

Graphics 
The graphics environment for Unix systems has been 

enhanced by the addition of the NAGSPLT and AGHPLT 
libraries, and the latest Bordeaux ver ion of PHIGS/GKS. 

X 11 drivers have been introduced for the DISSPLA 
library and for client-servers between VMS and Unix. 

The performance of the Tektronix colour printer has been 
improved by enabling it to be accessed on Ethernet under 
TCP/IP. 

With the aim of establishing the new graphics standard, a 
number of studies have been carried out in c lose 
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collaboration with the scientists. These include the use of 
MOTIF, the emulation of X 11 on PCs and the future 
replacement of DISSPLA. 

Telecommunications 
The major part of the Group's activity concerns its 

responsibility for the complete telephone network on the 
joint ILL/ESRF site (de ignated as The Joint Telephone 
Service). The new exchange installed in 199 I has proved 
very satisfactory. Only 2 hours has been lost (on the ESRF 
module) , this due to violent storms. 

With the build up of their activities , an additional 
400 lines have been installed in the ESRF sector, giving a 
total of 1500. The progressive tran fer of ESRF taff to their 
permanent buildings has also generated a great deal of work. 

The other area of work for this group concerns computer 
networks . The Group has responsibi lity for Appletalk 
(network connecting Macintoshes), many new zones of 
which have been instal led. In ILL4 each floor now 
comprises a separate zone direct ly linked to Ethernet. 
Buildings ILL 7, ILL! 7 and ILL22 al o now have their own 
zones. The Group also provides a cabling service to the rest 
of the Department. 

Administrative and Office Computing 
Finance and Purchasing 

Hav ing decided against a major rewrite of the package, 
changes have been limited to some small specific 
improvements, including following up late deliverie , orders 
spread over everal year , and check ing the correct cost 
centre for charging orders. This work is done partly in­
house, partly by the original upplier, DEAL. Most members 
of the Finance Service now have their own Macintosh for 
preadsheet displays of data generated by the DEAL 

package. 

Salaries and Personnel 

The Group continues to support the HERA package for 
per onnel management. 

Office Computing 

The Group supports secretaries and administrative staff, 
principally with the use of Microsoft's WORD (word 
processing) and EXCEL ( preadsheet) on Macinto h. 

In-house Developments 

Applications that are particular to ILL are normally 
developed in-house. 

The ESRF' package for handling travel claims (based 
on Oracle) has been adapted to ILL's needs and installed on 
two PCs (one a data-base server, the other a workstation). 
It came into operation in October. 
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The implementation of the new system controlling acces 
to the joint ILL/ESRF site started at the beginning of the 
year, and is also based on Oracle. Two HP 9000-807S 
computers running Unix are used, one as data ba e server, 
the other for data treatment. The watchkeepers and 
receptionists use PCs capable of running the applications 
programs. Secretaries and others authorised to input data 
normally use their own Macintosh, (linked by Ethernet) 
which, as yet lacking Oracle , provisionally operate in 
terminal emulation mode. This came into use in November. 

Instruments Service 
It might be thought that 1992 would have been a quiet 

year for the Service. On the contrary, the various activities 
associated with the introduction of Unix, including 
preparations for the modernisation of the network, have 
generated a very heavy workload for the reduced numbers of 
staff who have been present. In spite of the present uncertain 
climate, members of the Service have maintained their 
morale and make good progress on their projects. 

The principal aims have been to 

- keep the equipment in good condition, awaiting 
the restart of the instruments. 

- complete (in so far as is possible) development 
on the instruments IN16, IN13, D22, INl5 

investigate possible collaboration with ESRF 

- continue training on Unix 

- improve the performance of the internal and external 
computer networks. 

Maintenance 

Maintenance contracts for the V AXNMS systems have 
been suspended during the reactor shut-down, but 
breakdowns have been few and cau ed no problems. 
A VS3 I 00/76 has been installed in the drawing office to 
assist the work of Mechanical Services. Considerable time 
has been spent helping Macintosh users; unfortunately the 
needs here continue to outstrip resources. 

Developments on Instruments 

Here one has tried to ignore the general uncertainty 
surrounding the future of instrument system design, in order 
to complete the projects in hand. The IN 13 package has been 
completely rewritten on transferring from a PDP 11 to a 
VAXNMS; general tests have been carried out on INl6; the 
ILL part of IN 15 has been installed and tested; on D22 
testing proceedes as the various electronics modules become 
available. 
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Collaboration with ESRF 

Since May a number of members of the Service have 
worked intensively on a joint ILL/ESRF/EMBL project. 
Within four months a typical ILL instrument package 
(essentially that of DB2 I) had been converted from VMS to 
Ultrix, including the interface to OS9 and VME. It was 
considered of particular importance to create a general­
purpose standard interface between the computer and the 
VME crate. 

Although at the present time it seem uncertain as to 
whether this design can also be used by ESRF, it has given 
ILL staff confidence that they can create Unix-based 
systems within tight time schedules. 

The other area of collaboration is in the field of networks 
(internal and external). The Service maintains the Ethernet 
link between ILL and ESRF, and also provides access for 
ESRF to Internet. It has also provided some assistance to 
ESRF on their own sector of the network. 

Unix Familiarisation 

The OB21 project mentioned above gave staff very 
valuable experience on a real Unix project. Having 
developed the program on a DECStation under Ultrix, the 
portability of the interface to OS9 was checked by 
transferring it to HP-UX and V AXNMS. 

A user interface based on OSF/Motif is also bein g 
developed. 

The protocol TCP/IP is becoming increasingly important 
on the network, and better tools for managing it have been 
installed. 

Networks 

The computer network is becoming an essential element 
in almost all computing activities and has to be continually 
improved. One is still in the process of completing coverage 
for all buildings, and the bridges between Ethernet and 
Appletalk have been extended and improved. The tart-up of 
the site entry management project ha entailed a number of 
additional terminal connections being made, and a fibre 
optic link between ILL 7 and the new guardhou e was 
needed . The ILL/ESRF Common Building has been 
connected to the ILL network. With rapidly increasing 
growth of CAD facilities, the Mechanical Services 
laboratories have had to be completely recabled. 

Some measurements have been made in preparation for 
providing a dual protocol solution on the terminal network. 
The product DECMcc ha been installed to provide network 
surveillance for both DECnet and TCP/IP. Tools are being 
developed to mea ure traffic pas ing through the routers to 
the external networks. 
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Support for external organisation 

The Service has played its part in the lnstitut's plan to 
provide help for other organisation during the hut-down. 
One programmer ha been detached for three year to 
EMBL, whil t an engineer and a programmer have spent 
several month at HMI , Berlin. 

The Service ha also participated in the design of the 
local research network, ARAMIS. 

Nuclear Physics and Special Instruments 
Group (NUPSI) 

The Group part icipated in the preparation of the Unix 
Plan, and has subsequently started to study how the ideas 
shou ld be interpreted in terms of new in trument control 
sy terns. Progre has been affected by the fact that one of 
the two Group members spent seven months at HMI, Berlin , 
as part of the plan to make staff available to other centres. 

Exi ting Systems 

A new version of the PN 1 program ha been in tailed, 
with a PC Vectra to interface u er commands. 

The experiments GAMS 2/3 and GAMS 4 have been 
tran ferred and reinstalled. Likewise, P 2 (BILL) has been 
moved to the Guide Hall for use with an autonomous source. 

Future solutions 

In examining possible future solutions, it seems that the 
uclear Phy ics instruments could well profit from using 

some of the new dedicated software, intended to run on PCs, 
that are now coming onto the market. Among the products 
which have been tested on S20A have been 'Visual Basic ' of 
Microsoft and 'Labview' of national Instrument. 
A CAMAC-PC coupler ha al o been ati factorally tested. 

The de ign of the acqui ition sy tern for the new 
in trument GAMSS ha s started, but seems to need a 
specialised data acquisition interface. 

Data and Projects Group 
The Group ha s been preoccupied with studies for 

changing over to Unix. Apart from direct involvement in 
preparing the formal Plan , there ha been much practical 
work on the Ultrix y tern at ILL, and al o on HP-UX and 
SU -OS ystems, to which acces was generou ly offered 
by ESRF. Thi enabled some real appreciation of the 
ubtletie of the e differing flavours of Unix and Posix 

implementations to be gained directly. 

Implement ing Unix sy tern facilitie to match those 
presently in use with VMS ha required some research and 
experiment; inevitably thi s ha required members of the 
Group acquiring competence in C language programming. 
Faced with providing imple-to-u e tools for exploiting 
sop hi ticated libraries uch as PHIGS , there has been 
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collaboration with ESRF on basic sc ientific graphics. 
Fir t steps in developing Motif-based X-window interfaces 
were helped by acquisition of the DEC-VUIT interface 
builder software. After some practice, the Group was able to 
help other members of the Department in the use of this 
GUI toolkit. 

In gaining the background knowledge necessary to aid 
conversion of scientific program using up-to-date software 
standards, the Group has also experimented with the Fortran 
90 compiler. This augmented language would appear to offer 
as standard many useful DEC xtensions to Fortran 77. 
It has also bee n used in tests of mixed-languag e 
programming on the different systems. 

As a complement to conver ion of ILL programs, easy 
di rect access to Internet has stimulated the search for and 
evaluation of public domain programs for data presentation 
and treatment. Use of the e packages would eliminate the 
trict license constraints on commercial packages such as 

PV-W A VE which preclude developing and offering portable 
data treatment facilities with an advanced u er interface. It is 
likely that such research will ignificantly save effort in 
developing equivalent software in-house. Nontheless, the 
WA VE software is continuing to be maintained and updated 
s ince, for the pre ent, it provides comprehensive 
functionality, against which other packages ca n be 
measured. 

Disappointing delays in the manufacture and delivery of 
the Transputer-based multidetector interface restricted 
progress on this Project to general tudie of monitoring and 
debugging programs di stributed over a Tran puter network 
environment. 
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REACTOR 

Major teps in the life of the reactor 

On 28.11.91 the Steering Committee decided on the 
refurbishment of the reactor, initially reque ting a study and 
costing of the various possible options. This task, carried out 
jointly by the ILL teams and an international Consortium 
including AEA Technology (UK), SIEMENS (Germany) 
and TECHNICATOME (France) was carried out between 

ovember 1991 and February 1992, when the final report 
wa forwarded to the Steering Committee which, on 
13 February 1992, opted for the replacement of the reactor 
ves el. 

Following the Steering Committee ' s decision in 
May 1992 on the refurbishment of the reactor, the ILL 
Management delegated the responsibility for this to the Head 
of the Reactor Division, a sisted by a 'Project Group ' and an 
' lndu trial Architect'. 

The Project Group applies the directives given by the 
Management, and prepare at a technical level all the 
operation to be carried out as a function of the desired aim . 
It deal with the technical follow up of the operation and the 
financial management. It places the contract with suppliers 
of goods and services. 

The Project Group also provide the liaison with the 
lndu trial Architect, con isting of engineering companie 
representing the three member countrie (UK, Germany, 
France) . The Industrial Architect is responsible for the 
ordering of certain elements of the reactor, and in particular 
for the operations on the ite between the clearing of the 
swimming-pool and the leakproofing test of the ' second 
barrier' after installation of the new reactor block. It is 
re pon ible in particular for the equipment ordered being 
available at the appropriate time. 

1. Progress of work 

Until the decision in May 1992 to replace the reactor 
block, the work initiated was limited to dismantling which 
was common to the various options envisaged: this covered 
essentially the removal of experimental instruments and of 
internal elements in the reactor block which cou ld be 
dismantled without constituting irreversible steps. 

The work of the reactor teams in 1992 wa subsequently 
centred on the separation of the reactor block from all the 
circuits connected to it; this pha e ended on 24 November 
1992 with the transfer of the reactor block into the storage 
pool, where it will be cut up before di po al. 

1.1. Work in the level C experimental hall 
in the reactor building 

The completion of the work of removing the 
experimental instruments gave access to the beam tubes and 
made it possible to withdraw them and their associated beam 
hutter plug . The following beam tube have been removed 

in this order: H3, H4, H8, HI 0, HI I, H6, H7 , HI 3, H I/H2, 
IH3, IH4, IHI, H5, H9. 
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A the removal work progre ed, the most active front 
parts of the beam tubes were cut up in the hot cel l and 
disposed of; beam tube HI /H2 , becau e of its unusual 
dimensions, had to be cut up by a pecial machine working 
under water in the Hl/H2 swimming-pool. This operation 
took place between early March and early June 1992. Certain 
non-active rear parts of beam tubes have been put in store 
and will be used for production of new replacement parts. 

The withdrawal of the beam tubes was completed at the 
end of June, and wa followed by the removal of the 
coupling sleeves and the annular hielding plugs when the 
level of radioactivity permitted. 

The coupling sleeve were removed in the following 
order: IH4, IH3, THI , IH2, H9, HI I, HlO, H8, H6, H3, H5 , 
H4, H 12, H7, H 13. At the beginning of September, all the 
coupling sleeves had been removed, apart from that of beam 
tube H I/H2, which wa taken out on 3 December 1992, after 
the reactor block had been tran ferred into the storage pool. 

The following stage con i ted of the removal of the 
annular plugs of the horizontal beam tube kept in place 
until the removal of the reactor block into the storage pool, 
and the removal of the waterproofing sleeves, after cutting 
up the bellow . This operation was completed at the end 
of December J 992. 

1.2. Work in the level D swimming-pool hall 
in the reactor building 

The removal of the components which cou ld be 
di mantled from the interior of the reactor block ha 
continued, and at the time of the transfer only the anti ­
turbulence grids and the diffuser remained inside. All the 
as emblies in the swimming-pool whose presence causes 
inconvenience for the removal of the reactor block or the 
inspection of the lining have al o been removed. 

On conclusion of this di smantling work, and after 
obtaining the neces ary authorisations from the nuclear 
safety author ities (DSIN), the collectors connecting the 
heavy water circuits to the reactor block and the tail of the 
tank permitting passage of the pu h rod of the control rod 
were cut up. 

To permit the reactor block to be transferred into the 
torage channel, the extrusions on the reactor ve el were cut 

off (except for H I/H2 where the cut wa made at the end of 
the coupling sleeve). 

In parallel to the disconnection work on the reactor block 
from the associated circuits in the wimming-pool , the work 
necessary to receive it was carried out in compartment 
I and 2 of the transfer pools. 

As it was necessary to remove the used fuel elements from 
the torage channel before the reactor block was tran ferred 
there , they were transported to the Pegase storage pool at 
Cadarache between 19 October and 16 ovember 1992. 
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1.3. Evacuation of radioactive waste 

The components removed from the reactor which are not 
reused will be conditioned as waste and dispatched to the 
storage areas envisaged, in close collaboration with the 
CENG services. 

At I December 1992 the quantity of radioactive waste 
evacuated was as follows: 

3 cylinders C 1, 9 cylinders C3, 2 containers of 5 m3 , 
100 drums of 100 1, 10 drums of high activity waste, for a 
total activity of approx. 103 TBq. 

1.4. Metrology of the reactor block 

Precise measurements were made during the construction 
phase. After withdrawal of the beam tubes, and before the 
reactor block was taken out, geometrical measurements were 
taken to evaluate the variations from the original situation; 
the axis of the waterproofing sleeve of the control rod and 
the centre of the waterproofing sleeves of the chimney and 
the hot and cold sources were noted before dismantling the 
reactor block. 

2. Studies carried out or in progress 

2.1. Verification of the reactor block 

The new reactor block has been checked by calculations 
in accordance with the ASME Code, Section III. The results 
show that the structures are compatible with stresses in 
normal operation, transition phases and in exceptional 
situations. The fatigue behaviour of the structures examined 
is compatible with the lifetimes envisaged. 

2.2. Seismic studies 

Since the construction of the reactor , the seismic 
conditions to be taken into account in the calculations have 
been modified. A verification of the reactor shell carried out 
in 1984 confirms that the present building will withstand the 
' SMHY ' (Maximum Historically Probable) earthquake. 

The reactor block and the internal structures (swimming­
pool, transfer pools and hot cell) are currently the subject of 
verifications by calculation. 

2.2.1. Measurements of the ground modulus 

The ground modulus of the ILL site has been measured 
by the Cross Hole method. For this purpose three 35 m deep 
holes were made near the reactor building. In addition, 
samples of the ground were taken and the characteristics of 
the samples were determined. The results give a better 
indication of the actual characteristics of the ILL site, to be 
taken into account in the calculations under § 2.1. 

2.2.2. Vibration behaviour of the reactor block 

It is difficult to determine theoretically a number of 
characteristics such as damping and the added mass of 
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water, which influence the inertia of the structures. ILL has 
accordingly had vibration measurements carried out for the 
whole of the reactor block, first with the heavy water 
collectors connected, and then with them disconnected. 
The results make it possible to determine precisely the actual 
characteristics to be taken into account in the calculations. 
It should be noted that the amplitudes measured in the tests 
are of the order of magnitude of the amplitudes predicted for 
a 'SMHV' earthquake. This 'full scale test earthquake' was 
tolerated by the structures with no detectable damage and 
with no permanent deformation. The data obtained during 
these tests made possible part of the calculations in § 2.2.3. 
('SMHY ' earthquake behaviour). 

2.2.3. Behaviour of the reactor block 

Calculations were carried out on the basis of a three­
dimensional model subjected to quasi-static stress . The 
conclusion was that the structure is resistant to the ' SMHY' 
earthquake stresses without damage. The dynamic 
calculation is in progress, and will be completed before the 
end of 1992. 

2.2.4. Internal structures 

The study of the behaviour of the swimming-pool, the 
transfer pool and the hot cell is in progress. Modelisation is 
complete and the first results are available. 

Although it is not yet possible to give a final assessment 
of the behaviour of the structures, it may be noted that the 
initial results are very encouraging. 

2.3. Design study for the new anti-turbulence grid 

The design study has started for a new smaller anti­
turbulence grid, to facilitate its removal if necessary: the 
results obtained to date are extremely encouraging; at the end 
of the current experimental stage, it should be possible to 
submit this for approval by the safety authorities early in 1993. 

2.4. Study of metal seals 

An analysis and a test programme have been initiated to 
confirm the operation of the metal seals which ensure 
leakproofing in the highly irradiated areas in the reactor 
block. The results will make it possible to optimise the type 
of seal and the installation conditions; the current results 
have already enabled us to stop definitively the sampling of 
flanges from deliveries. 

3. Purchases 

3.1. Aluminium AG3 NET 

The orders for AG3 NET are not encountering any 
significant difficulties; deliveries are in progress and will be 
completed by the end of 1992 or early 1993; all the stocks 
necessary for production in progress have been purchased. 
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3.2. Manufacture of the new reactor block 

The preparation work for the manufacture of the reactor 
block has started. The company concerned has drawn up its 
schedule and at the end of 1992 is carrying out welding tests, 
qualification of welders, various tests for making extrusions, 
production planning and quality assurance programme. The 
delivery of the reactor block on the ILL site is scheduled for 
not later than 31.12.93. 

3.3. Tools for cutting-up the reactor block 

The production of the tooling is progressing normally. 

The turntable on whjch the reactor block was put after 
removal was delivered on 13 November 1992 and installed 
in the storage pool. 

The cutting tools for the internal elements of the reactor 
block were delivered in November and December 1992. 

4. Timetable 

The various operations are progressing overall according 
to plan , which makes it possible to envisage the reactor 
restart around the middle of 1994. 
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ADMINISTRATION DEPARTMENT 

Finance 

Implementation of the 1992 Budget 
The 1992 budget is characterized by the authorization of 

the Steering Committee to start work on refurbishment of 
the reactor. Total expenditure is expected to amount to 
approximately 3I0.7 MF, comprising a normal budget of 
242.4 MF and the setting-up of a reserve for the reactor 
refurbishment of 65.4 MF. It i as umed that out of this 
re erve the lnstitut will u e 42.6 MF in 1992, thu leaving a 
balance of the re erve of 22.8 MF at the end of 1992. 

The following table shows the changes in expenditure 
and income between 1991 and I 992: 

Expenditure Expenditure Estimated Change 
1991 Expenditure 

1992 
MF % MF % % 

I . Staff costs 178 546 56.3 173720 55.9 -2.7 
2. Fuel element 36 257 11.4 9 774 3.2 -73.0 

Consumables 22 048 6.9 16 551 5.3 -24.9 
Long term suppl ies 
and services 10 835 3.4 6 756 2.2 -37.6 
Short term supplies 
and services 10 750 3.4 7 731 2.5 -28. I 
Travel 2 808 0.9 2 596 0.8 -7.5 
Miscellaneou 
adm. costs 4 598 1.4 3 025 1.0 -34.2 
Taxes and fees I 37 1 0.4 I 341 0.4 -2.2 

3. Operation 52 410 16.4 38 000 12.2 -27.5 
Buildings 7 000 2.2 2 950 0.9 -57.9 
Equipment 7 483 2.4 2 239 0.7 -70.1 
Instruments 13 261 4.2 11 035 3.6 - 16.8 
Other inve tments 8 822 2.8 4 682 1.5 -46.9 

4. Total Investments 36 566 11.6 20 906 6.7 -42.8 
5. Normal Budget 

(1-4) 303 779 95.7 242 400 78.0 -20.2 
Reactor refurbishment: 

6. Setting-up 
of reserve (13 542) 4.3 (65 400) 21.1 NC 
7. Expenditure 42600 
8. Balance of reserve 
at end of year 13 542 22800 
9. Additional reserve 0.0 2943 0.9 NC 
10. Total expenditure 317 321 100.0 310 743 100.0 -2.1 
(5 + 7 + 8 + 9) 
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Comparison of 1991 and 1992 Budgets - Income 

Income Income Estimated Change 
1991 Income 

1992 
MF % MF % % 

Collaboration I 451 0.5 I 639 0.5 + 13.0 
with ESRF 
CLL' own income 7 324 2.3 11 004 3.6 + 50.2 
Spanish, Swiss, 13 689 4.3 10 850 3.5 * -20.7 
Austrian contributions 
A ociates' 
contributions 281 672 88.8 287 250 92.4 + 2.0 
Carry forward 1991 
on 1992 8 430 2.6 NC 
Use of general reserve 4 755 1.5 C 
Total income 317 321 100.0 310 743 100.0 - 2.1 

* Spain: 4 650 KF, Switzerland: 4 650 KF, Austria: I 550 KF. 

The normal budget was decreased from 303.8 MF in 
1991 by about 20 % to 242.4 MF in 1992 in order to enable 
the setting-up of the reactor re erve. This decrease affected 
all part of the normal budget. 

Staff co ts have been reduced by 2.7 %. This decrease 
show the result of the large number of departures during the 
year 1992: staff will decrease from 469 at the beginning of 
1992 to about 421 at the end of the year (see section on 
Per onnel and Human Resource ). Also the Institut has 
seconded and detached staff to other scientific institutes and 
to industry in order to make economies. 

The decrease in fuel costs is due to the fact that in l 992 
the Institut ha decreased its fuel element order to one 
element. The remaining irradiated fuel elements have been 
transported from the reactor to Cadarache for interim 
storage, thereby liberating space in the reactor wimming­
pool for the refurbishment project. 

Operation co ts have been decreased by 27 .5 % due to 
the effect of the reactor shutdown and the absence of 
cientific experiments. 

The investment sector shows a particularly pronounced 
decrease of 43 % between 199 I and 1992. In the scientific 
sector the emphasis was put on the termination of the cold 
source instruments (INl0C , D22, IN15) as we ll as on 
improvemen ts of existing in str um e nt s (D20 , D 18, 
refurbishment of guides) . Two major infrastructure projects, 
jointly financed with ES RF, were finalized in 1992: the Joint 
ILL/ESRF Building ( library, theoretic ian ' office , 
restaurant) and a new guard post at the site entrance. 

As planned, the execution of the budget 1992 permitted 
the setti ng-up of a re erve for the refurbishment of the 
reactor of 65.4 MF. Expenditure for the project in l 992 is 
estimated at 42.6 MF, thus leaving 22.8 MF at the end of the 
year to be carried forward. 
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Forward Look 
Clearly the priority objective for the Jnstitut in 1993 and 

1994 remains the refurbishment of the reactor and the 
preparation for the restart of the reactor and of scientific 
experiments. Con equently the 1993 Budget, adopted by the 
Steering Committee on 26 November 1992 with total 
expenditure of 326.9 MF comprises a Normal Budget of 
232.3 MF and a setting-up of a reserve for the refurbishment 
project of 94.6 MF. 

The lnstitut plans to finalize the reactor refurbishment in 
the middle of 1994. The financing of this last part of the 
project is assured by the carry forward of the reactor reserve 
remaining from the years 1991, 1992 and 1993. 

Purchasing 
The Purchasing Group participated active ly in al l 

commercial aspects of the refurbishment of the reactor and 
carried out a number of other purchases mainly in the 
scientific sector. 

Reactor refurbishment 

During the first three months of the year Purchasing 
cooperated with the Project Group for the reactor 
refurbishment in the appraisal of the tender received for the 
manufacture of the new reactor block and other major order 
in this connection. After the decision to go ahead with the 
reactor refurbi hment at the Steering Committee meeting in 
May 1992, and the first meeting of the Subcommittee 
Refurbishment in June 1992, the fir t major orders were 
placed, in particular: 

- GRAV A TOM (GB) for the cutting tool 

- OELL (D) for tools for cutting the upper part of the 
reactor block; 

- NTG (D) for the supply of the waterproofing sleeve ; 

- AEA TECHNOLOGY (GB) for the development 
and testing of a fo lding anti-turbulence grid; 

- Aluminium supply (AG3 ET) for the refurbishment 
project from RHENALU (F) for the sheet , FORTECH (F) 
and VA W (D) for the forging , and A VIA TUBE (F) for 
the tubes. 

The contract for the construction of the reactor block wa 
awarded to ZEPPELIN (D) on 16th September 1992. 

The contract with the industrial architect, a Consortium 
con isting of TECHNICA TOME (F), SIEME S AG (D), 
and AEA TECH OLOGY (GB), with TECH ICATOME 
as lead company was signed on 28th September 1992. 

Forthcoming major orders for the project include the 
coupling sleeve and their bellows, the new reactor chimney, 
the painting of the reactor building, and fire prevention 
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Other purcha es 

Apart from the Reactor Division a number of important 
orders were placed in 1992. otably, the manufacture of the 
optical part of the neutron guides H l -H2 was awarded to 
NEUTRO S INSTRUMENTATJO (F). REYDEL (F) 
won the contract for the construction of the new guard post 
at the entrance to the common site (financed 50% by ESRF). 

For the instruments, the most significant purcha es were 

- graphite monochromator for D20 from UNION 
CARBIDE (USA), 

- induction coil s for IN 11 from BRUKER (D). 

After an international call for tenders DUHAMEL (F) 
were chosen to develop the new ILL sample environment 
controller. Similarly, NORDIKO (GB) were awarded the 
contract for the suppl y of an ion source to be used for thin 
film deposition for the development of upermirrors . 

In the Computing area, work tation have been bought 
from the major Unix hardware supplier - HEWLETT 
PACKARD, DIGITAL and SUN - with the aim of testing 
the equipment in line with the planned conversion to Unix. 

Distribution of purchases in the member states 

Considerable savings were achieved by competitive 
tendering for major purcha es a well a by negotiating 
discounts with regular suppplier . Offers were compared on 
an exwork basis o as not to disadvantage Briti h and 
German firms compared with local supplier . 

The di tribution of ILL purcha es (orders exceeding 
50 KF) in the fir t 10 month of 1992 i shown in the 
diagram . The figure include purcha es for which a free 
choice of suppliers wa po si ble excluding therefore the fuel 
cycle, electricity and small purcha e Jes than 50 KF. 

Distribution of ILL purchases (orders> SO kF) 

Germany 
44.2 MF 47 % 

Others 
1.8 MF 2 % 

France 
33 .2 MF 35 % 

Great Britain 
14.8 MF 16 % 
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Transport and Custom 

The organization of the transport and customs formalities 
for the movements of goods across Europe requires 
considerable attention. After 1st January 1993, the formalities 
hould become much simpler. In this respect, the purcha ing 

and finance groups are currently busy preparing for the single 
European marker which involves entering the new VAT 
number for all ILL's suppliers and clients a well as other 
modifications to the accounts and purchasing system. 

Stores 

In July 1992, the three ESRF toremen left the ILL stores 
to et up their own tores. Whilst ESRF establi he its stock 
of equipment, ILL tores continues to supply the whole 
range of items to ESRF per onnel. The two institutes will 
aim, as far as po sible, to provide complementary range of 
item held in stock, and will continue to operate a Joint Raw 
Material Stores. 

Personnel and Human 
Resources 

The Personnel and Human Resources Service (SPRH), 
consisting of two groups, Personnel Management and 
Human Resources, has been extremely busy for the whole of 
1992, in addition to its normal work, with the preparation of 
special mea ures to adapt the staff situation to the ILL 's 
pre ent and future constraints. These mea ures include 
among others the drawing up of an early retirement cheme 
to take effect from I July 1993 (cf staff movements below). 

Human resources 
Training programme for ILL staff 

In accordance with French law, 1.4 % of the lLL's total 
payroll 1992 i allocated to training. The lnstitut organi es 
courses in various fields: language , computing, technical 
fields, management etc. The aim of the e courses is to help 
the personnel in improving and developing their professional 
skills, and al o to assist them in their career, or in finding 
another post. 

During the reactor shutdown, there have been many staff 
movement : many people have been transferred from one 
service to another - in particular to the Reactor Division -
and sometimes needed new ski lls. Training was one way for 
them to improve thei r know ledge and to be more quickly 
operational in their new post. A total of 254 persons 
attended training courses in 1992. 
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Staff movements 
At 31.12.91 there was a total of 469 staff in post, and at 

31.12.92 the figure was 421, which is a considerable 
reduction in personnel. This is the result of the personnel 
policy during the reactor shutdown. After the definitive 
decision on the reactor shutdown, the following measures 
were introduced: no recruitment except in the Theory 
College, and for exceptional cases (in the safety area for 
instance) authorised by the Director ; full use of retirement 
at age 60 (as provided for in the Collective Agreement) ; 
negotiated departures in appropriate cases . In addition to 
these measures staff movements have been encouraged 
inside and outside the In titut, in the form of detachment , 
secondments, etc ... 

Jn 1992 the following measure were implemented as 
provided for in the Collective Agreement: 

- 28 secondments of staff member to other 
laboratorie , while maintaining ILL contracts 

- 9 detachments: uspension of ILL contract to enable 
a staff member to sign a contract with another 
in ti tute. Staff members retain the right to return . 

- 7 persons have taken unpaid leave. 

- 5 persons have taken advantage of an agreement 
signed by the ILL Management and the Unions 
on June 15, 1992 on half-time working. 

The numerous departures in 1992 have slightly changed 
the breakdown by nationalities 

• French 

. German 

• British 

• Others 

63.2 % insteadof61.6 % in 1991 

16.4 % instead of 17.5 % in 1991 

14.7 % instead of 15.1 % in 1991 

5.7 % insteadof5.8 % in 1991. 

The tab le below shows the changes in 1992. 

Integration of personnel 
French courses 

French courses are considered as a significant element in 
the integration process. They were set up and organised for 
two main reasons: to help the new non-French staff in 
adapting to their professional context by learnjng French as 
soon as possible, and to permit them and their families to 
integrate better in the French way of life. 

During the school year 1991- 1992, I 00 pupils attended 8 
courses at different leve ls. These courses a re open to 
members of other laborato ries subject to ava ilabil ity of 
places . In 199 I -1992 there was a considerable participation 
by ESRF staff (46 persons). 
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Staff complement situation in 1992 
(by categories and nationalities) 

POSITION ON 31.12 .91 

l - CADRES G B F 0 

CHANGES IN 1992 AND POSITION ON 31.12 .92 

T G B F 0 TOTAL 

Recr. Dep. Total Recr. Dep. Total Recr. Dep. Tota l Recr. Dep. Total Recr. Dep. Total 

SCIENTIFIC SECTOR 
- Scientists (permanent) 14 4 5 7 30 - 2 
- Scientists (non permanent) 15 7 10 6 38 -4 
- Engineers 2 2 

TOTAL 29 11 17 13 70 - 6 

OTHER "CADRES" 16 9 37 62 + l - 1 

TOTAL CADRES 45 20 54 13 132 + l -7 

2 - THESIS STUDENTS 9 8 5 2 24 - 3 

3 - NON CADRES 

- Technicians 17 29 132 3 181 - 3 
- Others 11 14 98 9 132 - 1 

TOTAL NON-CADRES 28 43 230 12 313 -4 

TOTAL 82 7 1 289 27 469 + l - 14 

G: German, B: British , F: French, 0 : Others, T: Total 

International education 

Internationa l 'section s' within the French educati on 
sys tem for the children of non-French parents have been 
running for several years in Grenoble. ILL, like ESRF, has 
close contacts with the schools concerned, with two aims: 
firstly to help foreign staff to become familiar with the 
education system their children are entering, and secondly to 
ensure that the existing system is improved. There are such 
international 'sections' in primary schools, at the Ecole de la 
Houille Blanche (German , English, French as a foreign 
language) and the Ecole Jea n Jaures ( Ita li an). At the 
secondary level the international 'sections ' are at the College 
and Lycee International Stendhal , with a Spanish 'section ' 
opened in September 1991. 

Together with ESRF, the Institut is closely following the 
further development of international education in Grenoble, 
which remains an important condition for attracting 
qualified staff. 

Communication 

The ILL magazine "La Boite a Neutrons" was founded in 
1990 and has been running successfull y for three years. It is 
a twelve-page magazine which normally appears three times 
per year (except in 1992, when it was only poss ible to 
produce two issues, for economic reasons). Its main goal is 
to inform staff in non-specia li st language about technical 
developments and sc ience done at ILL, and about other 
topics of general interest. 
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12 4 5 
11 + l - 2 6 + l -7 4 

2 

23 + l - 2 10 + l -7 11 

16 - 2 9 + l - 3 35 

39 + l - 3 19 +2 - 10 46 

6 - 3 5 - 2 3 

14 - 2 26 + l - 7 126 
10 - 5 12 +3 -10 91 

24 0 - 5 38 +4 - 17 217 

69 + l - 10 62 +6 - 29 266 

Personnel Management 
Salaries 

- 7 7 - 2 28 
+5 - 7 4 +7 - 20 25 

2 

+ 5 - 7 11 +7 - 22 55 

+2 - 4 60 

+5 -7 11 +9 - 26 115 

- l l -9 15 

3 + l - 13 169 
9 +3 - 13 122 

12 +4 - 26 29 1 

+ 5 - 8 24 + 13 - 61 421 

A salary agreement was signed by the Management and 
the SA-ILL union on 12 May 1992 providing for genera l 
sa lary increases in 1992 as follows : 

1.2 % on I May 1992 
1.0 % on I October 1992 
0.6 % on I December 1992 

A meeting of the signatories will be held at the beginning 
of 1993 to review the application of thi agreement. An 
adjustment may be made as a function of general economic 
trends and the situation of the ILL. 

ESRF / ILL restaurant and cafeteria 

Since 20 July 1992 a new restaurant has been available 
to staff in the ILL/ ESRF joint building on the common site. 
Adjoining it a cafeteria was opened a few weeks later. 



COMMUNICATIONS 

- LIST OF SEMINARS P.158 

- CONFERENCE CONTRIBUTIONS P.162 

- WORKSHOPS ORGANIZED BY ILL IN 1992 P.168 

- MONOGRAPHS P.169 

- THESES P.169 

- PUBLICATIONS - INTERNAL REPORTS 1992 P. 170 

- AUTHOR INDEX P. 202 

- PAPERS ACCEPTED FOR PUBLICATION P. 216 
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SEMINARS 

List of seminars 

College 2 

Theory 
"Le modele de Hubbard ld avec interaction entre 

proches voisins". 
J. VOIT, ILL, Grenoble, France. 

"Effet Kondo quadrupolaire". 
P. NOZIERES, ILL, Grenoble. 

"Theorie des multicouches supraconductrices 
ferromagnetiq ues". 
A. BUZDIN, University of Moscow, Russia . 

"The spin glass nature of tweed precursors in martensitic 
transformations". 
J.P. SETHNA, Cornell University, Ithaca, New York, USA. 

"Correlation functions of the one dimensional Hubbard 
model in a magnetic field". 
H. FRAHM, TU Hannover, Germany. 

"Superconducting phase transitions in a magnetic field" . 
K. SCHARNBERG, Univ. of Hamburg, Germany. 

"Uncertainty principles, quantum fluctuations and 
broken symmetries". 
S. STRINGARI, Univ. di Trento, Italy. 

"Problems on vesicle shapes". 
B. FOURCADE, ILL, Grenoble, France. 

"Transport properties of anyons". 
D.V. KHVESHCKENKO, Landau Inst. Moscow, Russia. 

"Dynamics of spinoidaJ decompositions". 
S. ALEXANDER, Weizmann Institute, Rehovoth, Israel. 

"Strong coupling phases of two Hubbard chains 
generated by interchain hopping" 
M. FABRIZIO, SISSA, Trieste, Italy. 

"Solitons and dislocations for the current conversion 
problem in charge density waves". 
S. BRAZOWSKII, Landau Inst. Moscow, Russia. 

"Heavy fermion superconductivity". 
N. GREWE, Darmstadt, Germany. 

"Quantum anti-ferromagnetism in 2-d". 
H. CAPELLMANN, Aachen, gennany. 

"The normal state transport problem in cuprates". 
J. WHEATLEY, ILL, Grenoble & Cambridge, UK. 

"A possible link between the local oxygen ordering and 
the superconducting transition temperature Tc in 
Yba2Cu3O6+x"· 
J. VITTING ANDERSEN, LTPCM, INPG, Grenoble. 

"Decagonal quasicrystals: where are the atoms ?". 
S. BURKOV, McMaster Univ., Canada & Landau Inst., 
Moscow. 
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"Monte Carlo studies of the Haldane gap in quantum 
spin chains". 
S.V. MESHKOV, CRTBT, CNRS, Grenoble and Inst. 
of Solid State Phys. Chemogolovka. 

"New approach to the microscopic theory of Fermi 
systems". 
V. KHODEL, Institute of Atomic Energy, Moscow. 

"The virtual exciton mechanism of superconductivity". 
M. CYROT, Lab. Louis Neel, CNRS & Univ. Joseph 
Fourier, Grenoble. 

"Fluctuation conductivity in layered high Tc 
superconductors". 
L. REGGIANI, Univ. di Salemo, Italy. 

"The 2 dim x-y model and its application to 
superconductivity". 
H. BECK, Univ. of Neuchatel , Switzerland. 

"Vortex liquid phase in high Tc and 2d normal Bose 
liquids at T = 0". 
M. FEIGELMAN, Landau Inst. , Moscow. 

"Systemes de fermions fortement correles: la limite de 
grande dimension comme theorie de champ moyen". 
A. GEORGES, Laboratoire de Phys. Theorique, ENS, Paris. 

"The dilute 2d Fermi gas: bound states and Fermi liquid 
theory". 
I. ENGELBRECHT, Urbana, USA & ILL, Grenoble France. 

"Kondo insulators". 
A.J . MILLIS, Bell Labs. USA. 

"Phase diagram of doped Lanthanum - Copper oxides 
(214): slave boson approach". 
P. RISEBOROUGH, Polytech. Univ. New York, USA. 

"Vortex fluctuations in layered high Tc 
superconductors". 
K. FISCHER, Forschungszentrum Jtilich, Germany . 

"Anomalous dimensions far from equilibrium and the 
propagation of turbulence in superfluid helium". 
N. GOLDENFELD, Univ. of Illinois , USA. 

"Hydrodynamics of polarizable liquids". 
M. LIU, Univ. Hannover, Germany. 

"Pseudo-gaps and Bags in High Tc materials". 
R. SCHRIEFFER, N.H.M.F.L., Tallahassee, Florida, USA. 

"Van der Waals like interaction of domain walls". 
A. LEVANYUK, ILL and Inst. of Crystallography, 
Moscow, Russia. 

"Phase transitions in the vicinity of incipient tricritical 
points". 
A. LEV AN YUK, ILL and Inst. of Crystallography, 
Moscow, Russia. 

"The third order optical nonlinearity of metal-halogen 
complexes and polymers". 
Xin SUN, Fudan Univ. Shangai, Japan. 
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"Courant pennanent , paramagnetisme orbital et rigidite 
spectra le dans Jes systemes mesoscopiques". 
G. MONTAMBAUX, Phys . Solides, Orsay, France. 

" Electron-phonon interaction in doped Mott-Hubbard 
insulators: freezing electron correlations". 
J. ZAANEN , AT & T Bell Labs, USA . 

"ls there a universal wetting agent ?" 
J. TREINER, IPN, Orsay, France. 

" De I 'ordre au chaos: propriete generiques de quelque 
urfaces libres". 

C. MISBAH , ILL, Grenoble, France. 

"Phase transitions in the half fill ed Hubbard model''. 
P. KOPIETZ, M.P.I. Stuttgart , Germany. 

"Larmor precess ion in superfluid 3He: new ordered state 
of condensed matter" . 
G. YOLOYIK, In titut Landau, Moscow & CRTBT-C RS, 
Grenoble, France. 

" Exact results for a Hubbard model with linear 
di spersion". 
F. GEBHARD, Univ. Marburg, Germany. 

"Approches numeriques pour des y temes de fennions 
fortement corre le ". 
J .C. ANGLES D 'AURIAC, CRTBT, CNRS, Grenoble. 

" Infinite dimensions as mean-fi eld theory for di sordered 
and interacting systems". 
R. VLAMING, Univ. Aachen, Germany. 

"The "anti ferromagnetic' ' state of the heavy-fennion 
superconductor URu2Si2: Is it reall y anti fe rromagneti c or 
something more exotic ?" 
M. WALKER , Uni v. of Toronto , Canada & ILL, Grenoble, 
France. 

"Theory of a uperconductor with a tricritica l point". 
I. FOM IN, Institut Landau, Moscow, Russ ia. 

College 3 
Fundamental and nuclear physics 

"Structure of high spin states in 87 b". 
A. JUNGCLAUS , ILL, Grenoble, France. 

"Perfonnance of microstrip detectors". 
A. OED, ILL, Grenoble, France. 

"Magmatic proces es at de tructi ve plate margins··. 
R. OLIVER, ILL, Grenoble, France. 

" Photon scattering experiments u ing polarized 
Brems trahlung". 
C. W ESSELBORG, Uni versity of Giessen, Germany. 

"Recent developments for ·ii icon based 
monochromators". 
A. MAGERL, K.D. LISS, ILL, Grenoble. 
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"The problems and achievements in investigating 
cascade gamma-decay of heavy-nuclei compound-states". 
A.M. SUKHOYOY, Dubna, Rus ia. 

"Nuclear tructure investigation in Gd 156". 
J. KLORA, ILL, Grenoble & TU Miinchen, Germany. 

"Transmutation of fi ssion product · and transuranium by 
high energy neutron". 
H. HARADA, Brookhaven National Lab., New York , USA. 

"Transmutation of fi s ion products". 
H. TAKASHITA, Brookhaven ational Lab., New York , 
USA. 

"Weak vector coupling con tant from neutron beta-decay 
and poss ible indication on the right-handed currents". 
A. SEREBROV, Leningrad uclear Physic · Institute, 
Russ ia. 

"Experiment at the Institute of uclear Researches -
Me on Factory Division - Academy of Sciences of Ru sia". 
Y.M. LOBASHEV, Moscow, Russia. 

"On the importance of (n,p)-,(n,cx)- and fi ss ion reactions 
in ste ll ar nucleo ynthesis". 
C. WAG EMA S, Geel, Belgique. 

"Fi ion modes and related emis ion proce ses". 
H. MARTEN, Uni v. Ore den, Gennany. 

"Deve loppement d ' un nouveau systeme de detection 
pour le spectrometre Lohengrin". 
M. HESS E, Uni v. Dre den. Germany. 

"GRID profil es determined from molecular dynamic · 
channeling ca lculations". 
D. JANS E , Uni v. Dresden, Gennany. 

"A new high energy sca le" 
V. KADYSH EYSKY , JI R, Dubna, Russia. 

College 4 
Structural and magnetic excitations 

"High temperature thennodynamic properties of metal ". 
G. GRIMY ALL, Royal In titute of Technology, Stockholm, 
Sweden. 

"Dipole-dipole renormali sation of the spin 
hydrodynamics in ferromagnets. Polari sed neutron tudies 
of the spin-correlation ten or". 
B. TOPERV ERG , L PI , Gatchina, Ru sia. 

"The cross-section of neutron coherent inela tic 
cattering". 

J. KULDA, ILL, Grenoble. 

" Lattice dynamic of apphire". 
H. SCHOBER, ILL, Grenoble. 

" eutron scattering and µSR: Complementary 
technique ?". 
B. CYWI SKI , Univ. of Reading, U. K. 
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"How important is the Kondo effect in Ce-Al2-evidence 
from new measurements of the ordered moments". 
E.M. FORGAN, Univ. of Birminghan1, U.K. 

"Phonon gap in commen urate methane and light 
domain-wall ". 
T. MOLLER, ILL, Grenoble, France. 

"Paramagnetic spectral re ponse in heavy fermion and 
valence fluctuation ystems". 
A. MURANI, ILL, Grenoble, France. 

"Evidence of magnetic domains in reentrant spin gla ses 
by neutron depolarisation". 
I. MIREBEAU, CEN Saclay, France. 

"The advanced neutron source". 
J.B . HAYTER, Oak Ridge ational Laboratory, USA. 

"Neutron cattering in UPd2Al3". 
A. KRIMMEL, ILL, Grenoble, France. 

"Inela tic magnetic neutron scattering in metallic and 
semiconducting 4f compounds". 
A. SEVERING, ILL, Grenoble, France. 

"Development of Be-monochromators". 
F. MUCKLICH, MP.I. Stuttgart, Germany. 

"Experience of a physicist using Un ix in everyday life". 
C. AIR , Dept. of Engineering Science, Oxford, U .K. 

"Neutron cattering studie of a low carrier Kondo 
sy tern". 
M. KOHGl, Tohoku Univ. Japan. 

"The eparation of magnetic and phonon cattering: 
A novel technique". 
S. DAKIN, ILL Grenoble, France. 

"The Jahn-Teller (pseudo Jahn-Teller) origin of 
tructu ral phase transitions in conden ed media. Relation to 

ferroelectricity and superconductivity". 
I. BERSUKER, Acad. Sci . Moldova, Ki hinev, Russia. 

College 5 
Crystallographic and magnetic structures 

"Applications of neutron and ynchrotron cattering to 
magnetic and non-magnetic pha e transition " 
J.K. COCKCROFT, Univ. of Durham, U.K. 

"From Landau-Theory to Landau-Numbers: Linking 
diffraction with thermodynamic ". 
W. SCHMAHL, Technische Hochschule, Darmstadt, 
Germany. 

"Magnetic excitations and fluctuations in the S = I. one 
dimensional antiferromagnet NENP". 
L.P. REGN AULT, CEN-Grenoble, France. 

"Monochromators: new solutions to old problem ". 
T. VOGT, Brookhaven at. Lab., Upton, Y, USA.and 
ILL, Grenoble. France. 
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"Spin glass dynamics above tg: Relaxation and damage 
spreading". 
I.A. CAMPBELL, Physique des Solides, Orsay, France. 

College 6 

Liquids, disordered materials 
"Light cattering experiment at the olid-liquid interface 

during freezing and melting". 
J.H. BILGRAM, ETH Zurich, Suisse. 

"Complementarity of X-ray and neutron technique in 
small angle scattering studies of porous materials". 
J. DORE, Univ. of Kent, Canterbury, U.K. 

"Brillouin spectro copy tudies of orientational gla se ". 
R. JIME EZ, Univ. des Saarlande , Saabrticken, Germany. 

"Vibrational and electronic properties of quasicrystalline 
sy terns". 
H. BOETTGER, TU Magdeburg, Germany. 

"Low frequency Raman spectoscopy and nanostructure 
of di sordered materials". 
A.P. SOKOLOV, Inst. of Automation and Electrometry, 
Novo ibirsk, Rus ia. 

"Investigation of magnetic fluctuations in La2Cu04 
u ing D7". 
0 . SCHARPF, ILL, Grenoble, France. 

" anometric multilayer for soft X-ray and neutron 
optics". 
P. BOHER, Laboratoire d 'Electronique Philips, Limeil 
Brevanne , France. 

College 8 
Biology 

"The multiwavelength anomalous diffraction method 
(MAD) with ynchrotron radiation. In trumentation 
at LURE, methodology and application to the determination 
of macromolecular structures". 
R. FOURME, LURE, Univer ite Paris-Sud, Orsay, France. 

"Recognition in protein synthe i and the mechanism 
of the action of the ri obomal elongation factors' . 
K.H. NIERHAUS , MPI fiir Molekulare Genetik, Berlin, 
Germany. 

"Structure and function of the iron centre 
of ribonucleotide reductase". 
M. FONTECA VE, LEDSS , Universite Joseph Fourier, 
St. Maitin d 'Heres, France. 

"Small angle scattering studies on chromatin high-order 
structure". 
V. RAMAKRJSH A , Brookhaven at. Lab. , Upton, Y, 
USA. 



S EMINARS 

"The tructure of ribosomal protei n SS and histone HS: 
Applications of the MAD method, and implications for 
nuc leic ac id binding". 
V. RAMAKRlSH AN, Brook.haven at. Lab., Upton, Y USA. 

"Structure and function of porin from the outer 
membrane of Rhodobacter capsulatus". 
W. WELTE, In titut fiir Biophys ik and Strahlenbiologie, 
Freiburg, Gennany. 

"The structure of two porins from E.coli ; examples of 
membranes channels fonned by ~-barrels". 
S.W. COWAN Univ . Basel, Biocenter, Switzerl and. 

" Microtubular dissipative structures and biological auto­
organisation" . 
J. T ABO Y, CE -Grenoble, France. 

"Gene coding for proline-ri ch proteins in plant ". 
P. PUIG DOM E ECH, Conse il Sup. d ' lnvestigac ions 
Cienti fi que , Barcelona, Spain . 

"The problem of hydration fo rce between amphiph ilic 
surface . Can neutron scattering help to olve it ?" 
V.I . GORDELIY , Lab. Leon Brillouin, Saclay, France and 
Lab. of eutron Phys ics, Dubna, Russia. 

College 9 

Chemistry 
"Polymer dynamics in o lutions and gels". 

E. GEISSLER, Laboratoire de Spectrometrie Phys ique, 
Saint Martin d ' Heres, France. 

"The effects of polymers on colloidal suspension 
tabiliry". 

F. LAFUMA Ecole Superieure de Phys ique et Chimie, Paris. 

"Sitewi e electron transfer in mixed valence solids by 
dielectric relaxometry: mangane e (VI/VlT), metal 
hexacyannometallate and others". 
D. ROSSEi SKY, Uni v. of Exeter, U.K. 

"Stati tical confo nnations of substituted polyacetylenes 
in solution". 
J.P. AIME, L.C.P.C. Universite de Bordeaux, France. 

"Phonon lifetimes in molecular crystals". 
S. CALIFANO, European Lab. for Non-Linear 
Spectroscopy, Florence, Italy. 

"The vibration of hydrogen bonds, recent INS result " . 
J. TOMKINSON , Rutherfo rd Laboratory, JSIS Facility, U. K. 

"Structural tudies of aggregation in ionic polymers". 
C. WILLIAMS , LURE, Orsay, France. 

"Gelation or prec ipitation ?" 
B. CABA E, CE -Saclay , France. 

"The gla transition". 
G. WILLIAMS, Swansea, U.K. 
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"Using propertie of the charge den ity to characterize 
atomic and molecular interactions". 
K.E. LAIDIG, Cambridge University, U.K. 

' Structure and interaction in inorganic gel y terns" . 
J. RAMSAY, CNRS-Villeurbanne, France. 

"C6Q, the celestial sphere that fe ll to earth". 
H. KROTO, Univer ity of Su sex, Brighton, U.K. 

"Probing the phys ico-chemical properties of solid 
inclusion compounds". 
K.D.M. HARRIS , Universit y of St. Andrews, Scotl and. 

"The Jahn-Teller e ffect". 
Issac BERSUKER, Institute for Quantum Chemi stry. 
Moldav ia. 

Thursday colloquium 
"Orbital magneti m from itinerant electrons". 

G.H. LA DER, Inst. fo r Transuranium Element , Karlsruhe, 
Germany. 

" haos spatiotemporel d'ondes de surface exc itees 
parametriquement". 
S. FAU VE. Ecole Normale Superieure, Lyon, France. 

"Di ordered phenomena in organic solids as tudied by 
spectra l hole burning". 
J. FRIEDRICH, Bayreuth Uni versity. Germany. 

''From seaweed to tree : Botanies of crystal growth ·'. 
H. MULLER-KR UMBH AAR, KFA, Ji.ilich, R.F.A. 

"Theory of non-adiabatic uperconducti vity". 
L. PIETRONERO, Uni vers ita " La Sapienza" Italy. 

" eutron cattering and computer simulation" . 
G.R. K ELLER , lBM France & CE , Saclay, France. 

"On the free energy of crystal surfaces". 
H. Van BEUERE , Utrecht Univer ity, Pays-Bas. 

" High temperature: Superconducti vity is gapless". 
Laszlo MlHALY, State Univer ity of ew York, Stony 
Brook, USA. 

"Observation experimenta le de courants pennanents 
dan un anneau GaA -AIGaAs". 
A. BENOIT, CRTBT, CNRS, Grenoble, France. 

"White dwarf tars a quantum cry tal : the Coulomb 
latti ce at te llar condition " 
N. ASHCROFT, Corne ll Uni versity, USA and LEPES, 

NRS , Grenoble, France. 

"Approche experimentale de la physique des milieux 
granulaires: modele du ta de sable". 
E. CLEMENTS , Univ . de Pari VI , France. 



CONFERENCE 

Conference Contributions 
ABINGDON, UK: European Workshop on Neutron 
Scattering at High Pressures - 1992/03/19-21 

CHA TTOPADHY A Y T. Effects of hydrostatic pressure 
on modulated magnetic pha es. 

GOBRECHT K., MELESI L. , MCINTYRE G.J . High­
pressure fac ilities at the In titut Laue-Langev in . (Invited paper) 

ABINGDON, UK: ESSS Meeting - Instrumentation and 
Techniques for the European Spallation Source -
1992/03/24-27 

TIMMINS P.A. Scientific horizons in structural biology. 
(Invited talk) 

A TIBES/JUAN-LES-PI S, France: 11th International 
Conference on Vacuum Metallurgy - 1992/05/11-14 

EISENHA S 0. , BOE IP., GRIMMER H. BUFFAT 
P., LEIFER K. , ANDERSON I. Thin film s for neutron 
optics . (Poster) 

AUTRANS, France: 48 hours of Structural Biology -
1992/09/15-16 

TIMMINS P.A. eutron crystallography of a lipoprotein 
lipov ite ll in. (Invited talk ) 

BAD SCHA DAU, Germany: Verbundtreffen der 
Arbeitsgemeinschaft Forschung mit eutronen -
1992/03/29-04/01 

DOR ER B. , FA.KB. Linienfo 1111en, Anregungsenergien 
und Summenregeln for inelasti sche eutronenstreuung von 
Phononen. (Poster) 

HINRI CHS K. , BROCKEL T ., K ORR K., PRANDL 
W. Percolation like behav iour in amorphous . pin glasses 
(MnxCa J -x)3 AJ2(S04)3_ (Po ter) 

JERICHA E. Perfect crystal neutron torage. (Po ter) 

RITTER C. Elasti sche eutronenstreuung an 
Kupferchrom-chalkospinellen. (Po ·ter) 

SUCK J.-B. Brillouin Streuung mit eutronen an 
ungeordneten Sy temen. (Invited talk) 

TRAMPE AU J., LAUTER H.J ., TAUB H., 
LEIDERER P. Krypton phy i orbiert in der 
kommen urablen Phase auf Graph it : Phononengap und 
quas ielastische Streuung. (Po ter) 

WUITKE J. Zeitkorrelationen im Glasbildener 
Orthoterphenyl. (Talk) 

BAD-HONNEF, Germany: Training Cour e on Modern 
Methods in Radiation Measurement and Dosimetry -
1992/11/23-27 

OED A. Microstrip proportional counters. (Invited talk) 
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BERLI , Germany: 18th f PA International 
Conference on Thermodynamics and Statistical Physics -
1992/09/18 

BERMEJO F.J ., MARTINEZ J.L. , MOMPEA F.J ., 
GARCIA-HER ANDEZ M. Low frequency excitations in 
molecular glasses. 

BER KASTEL-KUES, Germany: Conference on Nuclei 
far from Stability IV and Atomic Mass and Fundamental 
Constant IX - 1992/07/19-24 

BERNAS M. , CZAJKOWSKI S., SIDA J.L. , 
DESSAGNE P., MIEHE C. , PUJOL C., ARMBRUSTER P. , 
BRISSOT R., BOCQUET J.P. , FAUST H. , 
KOZHUHAROV C. , GEISSEL H. , HANEL TE. , 
MUNZE BERG G., VIEIRA D. , AUDI G., LEE J.K.P. 

ew very neutron-rich isotopes of Ni , Co and Fe. 

BOMBAN ES, France: 2nd European Workshop on 
Neutron-, X-ray and Light Scattering as an Investigative 
Tool for 'Soft' Condensed Matter - 1992/05/31-06/06 

CHARVOLIN J. Cubic structures with large ce ll s: from 
metal s to amphiphiles. 

LI D ER P., ZEMB T. Scattering experiments under 
ex ternal constraint . 

BOSTO , USA: MRS (Materials Research Society) 
Meeting Fall '92 - 1992/11/30-12/04 

FRJCK B. Short time dynamic of polymer near the gla ·s 
transition, investigated by inela tic neutron cattering. (Poster) 

BRISTOL, UK: Polymer Colloids - 1992/03/30-04/01 

LIND ERP., RIEG ER J., DIPPEL 0 ., HADICKE E., 
LEY G. Crystals made of c lose packed polymeric pheres. 
A mall angle neutron cattering stud y. (Contributed paper) 

CA TERB RY, K: Third Euro-American Conference 
in the UK on Functional Polymers and Biopolymers -
1992/10/07-11 

GABRYS B., SCHA ERPF 0. , PFEJFFER D.G. Polymers 
studied with spin polari zed neutrons. (Contributed paper) 

CHA TEA DE BO AS, France: A TO ASI - Chemical 
Physic of Intercalation II - 1992/06/28-07/08 

VOIT J. Charge tran. port and percolation in conducting 
polymers. 

CHICAGO, USA: American Department of Energy 
Panel Meeting on Advanced eutron Sources -
1992/09/08-10 

PE DLEBURY J.M., GREE E G .L., SEESTROM S.J ., 
WER ER S.A. eutron Sources and Application Review: 
Sec tion on Fundamental and uclear Physics. 



CONFERENCE 

DARMST ADT, Germany: International Conference on 
the Physics of Transition Metal - 1992/07/20-24 

JA OT C. Structure and properties of quasicrystals. 
(Invited paper) 

DOUCY, France: Reunion du GDR Films Moleculaires 
Flexibles - 1992/04 

CHARVOLlN J. Structures cubique micellaires. 

DRESDE , Germany: International Conference on Solid 
State Chemistry - 1992/10 

SAUNAS-SANCHEZ A., SAEZ-PUCHE R., GARCIA­
MATRES E., MARTI EZ J.L., GARCIA-MU OZ J.L., 
RODRJGUEZ-CARVAJAL J. Relative tructural stability of 
R2BaMO5 (R=Rare Earch, M=Cu, i). 

DRESDE , Germany: XXIIth European Symposium on 
the Dynamical Properties of Solids - 1992/10 

SCHOBER H. Lattice dynamic of a-quartz and 
sapph ire. (Invited talk) 

D B A, Russia: International Seminar on Structural 
Investigations at Pulsed eutron Sources (ISSI) -
1992/09/01-04 

DOR ER B. Eigenvector determination - a dynamical 
tructure determination. (Invited talk & Abstract) 

EL ALGARBE, Portugal: 2nd Italy-Portugal-Spain 
(IPS) Inorganic Chemistry Symposium - 1992/03 

MARTI EZ J.L. , GARCIA MU OZ J.L. , 
RODRIGUEZ-CARY AJAL J. X-ray and neutron diffraction 
studie of R2BaCuO5 oxides (R = Sm, Eu, Gd, Dy, Ho, Er, 
Tm, Yb, Lu and Y). 

E SCHEDE, Holland: 14th European Crystallographic 
Meeting - 1992/08/02-07 

BAUMBACH G.T., PIETSCH U., METZGER H., 
SEIFFERT W., ROBINSO l.K. , RHAN H. Identification 
of an enlarged quantum well in emiconductor superlattices 
by grazing incidence X-ray diffraction . 

FUESS H., CZJZEK M., KIRSCHHOCK C. , KLEIN H. , 
VOGT T. Structure and dynamics of aromatic molecules in 
zeolites. 

OLOVSSON I. , MCINTYRE G.J. , PTASIEWICZ-BAK 
H. Bonding deformation and uperposi tion effects in the 
electron den ity. (Jnv ited talk) 

PEBA Y-PEYROULA E. The structure of a hydrophobic 
protein from oybean. (Poster) 

GIARDINI AXOS, Italy: European Physical Society -
Condensed Matter Divi ion, Conference on eutron 
Scattering from Liquid matter - 1992/09/15-18 
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BERMEJO F.J. CHAHID A. , GARCIA-HERNA DEZ 
M., MARTI EZ J.L. , MOMPEA F.J., CRIADO A. 

eutron inela tic cattering from molecular liquid and 
glas es. 

CHAHID A., BERMEJO F.J. , GARCIA-HERNA DEZ 
M ., MARTINEZ J.L. , MOMPE F.J. Dynamical 
propertie of pla tic and liquid oxygen. 

MOMPEA F.J. , BERMEJO F.J., CHAHID A., 
GARCIA-HERNANDEZ M., MARTINEZ J.L. Dynamical 
behaviour of liquid deuterium. 

MUTKA H. A dedicated in trument for thermal neutron 
Brillouin scattering design and simu lation. 

WUTTKE J. Relaxation and phonons from viscou • and 
glassy orthoterphenyl. (Talk) 

GOTEBORG, Sweden: International Conference on 
Synthetic Metals - 1992/08/12-19 

BARA OWSKI D., VOIT J., BUTTNER H. 
Electron-libron-coupling in polyaniline. 

GRE OBLE, France: HERCULES Course -1992/02/24-
04/10 

MARTINEZ J.L. Layer -multilayer - uperlattice . 

TIMMINS P.A. Viru tructure. (Invited talk) 

GRE OBLE, France: Journee des Polymeres 
et des Collo'ides - 1992/04/14-15 

CHARVOLIN J. Structure cubiques micellaires. 

PALMERI J. Polymerized membranes. (Po ter) 

TERECH P. A new cla of living polymers in organic 
solvents. (Talk) 

GRE OBLE, France: ILL-ESRF Workshop Partial 
Structures Factors - 1992/09/10-11 

JANOT C., BOISSIEU M. DE, BOUDARD M., 
DUBOIS J.M. Partial structure factors of quasicrystals. 

GRE OBLE, France: Physique en Clips - 1992/12/14-15 

PALMERI J. Polymerized membranes. (Talk) 

HITACHI, Japan: eutrons in Biology Meeting -
1992/09/04-05 

TIMMINS P.A. Low resolution neutron cry tallography 
of large macromolecular assemblie . (Invited talk) 

INDIA APO LIS, USA: Spring Meeting of the American 
Physical Society - 1992/03/16-20 

PETRY W. Quasiela tic neutron scattering through an 
orientational glass transition. (Invited paper) 

VOIT J. Charge transport and percolation in conducting 
polymers. 



CONFERENCE 

IRSEE, Germany: International Symposium on 
"Metastable Phase Formation in the Solid State" -
1992/07/27-31 

SUCK J.-8 . Dynamical properties of rapidly quenched 
Al94Si6 olid olution. (Talk & Abstract) 

KARLSRUHE, Germany: Conference: 
uclei in the Cosmo - 1992/07/06-10 

CZAJKOWSKI S. , BER AS M., ARMBRUSTER P., 
FAUST H. , BOCQUET J.P. , BRlSSOT R. , DESSAG E P. , 
MIEHE C. , PUJOL C. , AUDI G. , LEE J., KOZHUHAROV 
C., GEISSEL H. , HANELT E., MUNZE BERG G., 
VIEIRA E. P-decay half-live of neutron-rich i otopes of Fe, 
Co, i involved in the beginning of the r-proce s. 

KYOTO, Japan: Rare Earths 1992 - 1992/06/01-05 

HOLSA J., ANTSON 0 ., MUTKA H., PORCHER P. 
Cry tal structure and crystal fields of dOF: a neutron 
tudy. (Poster) 

LA COLLE-SUR-LOUP, France: Journees 
de la Diffusion eutronique - 1992/05/12-14 

CURRAT R. , EVE J .. BERTAULT M., TOUDJC B., 
CAILLEAU H., MO SSA F. Etude par diffusion de neutrons 
de transition d ' un cristal polymerisable: pTS-. (Po ter) 

GEL TE BORT P., OED A. L 'anode a micro-bande ·: 
un nouvel element de con truction pour compteur 
proportionnels de haute resolution. 

LA PLAG E, France: Symposium on urface cience -
1992/03/15-21 

LAUTER H.J. , PASYUK V.V., BLA D J.A.C. , 
PETRENKO A.V., JOHNSON T.M., DE BROEDER 
F.J.A. Magnetic moment in a oPd ultra-thin film studied 
by polarized neutron pecular reflection . 

LILLE, France: FP 3emes Journees de la Matiere 
Condensee - 1992/09/02-04 

BAUMBACH G.T., GERFFROY 0. , GIVORD D., 
OTANI Y., PA NETTER B., SANTOS A.O., SOUCHE Y. 
Proprietes magneto-optique d ' un reseau bidimensionnel 
de particule amorphes de Gd-Co. 

PALMERI J. Polymerized membranes. (Po ter) 

LOCTUDY, France: Transpha e IV - olloque 
d'Expression Franc;aise ur le Tran itions de Pha es -
1992/05/25-29 

CURRAT R., LORENZO-DIAZ J.E., MONCEAU P. , 
LEVY F. Tran ition de pha e et exc itation de basse 
frequence dan le compo e (MSe4) i. (Invited paper) 
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DOR ER B., SCHMID B. , VISSER D., STEINER M. 
Transformation de pha e dans CsFe8r3 ou champ 
magnetique exteme. (Invited talk) 

PETRY W. Gel des mouvement relaxationnels 
a la tran ition vitreu e dan Jes verres structuraux 
et orientationnels. (Abstract) 

SANDONIS J. Ob ervation par topographies 
au rayonnement synchrotron de la coexi tence de pha ·es 
au point triple de MnP. (Talk) 

MADRID, Spain: 12th International Symposium 
on the Reactivity of Solids - 1992/10 

FERNANDEZ-DIAZ M.T., RODRIGUEZ-CARVAJAL 
1., MARTrNEZ J.L. Structural characterization of 

d2 iO4+0. 

GARCIA-MATRES E. , RODRIG UEZ-CARVAJAL J., 
MARTI EZ J.L. , SAU AS-SANCHEZ A., SAEZ-PUCHE 
R., ALO SO J.A . Magnetic properties and polymorphism in 
one-dimensional oxide R2BaNiO5 . 

SAEZ-PUCHE R., FER A DEZ F., MORALES A., 
FERN A DEZ-MARTI F., MARTINEZ J .L Phase 
transitions and magnetic propertie of RCaCrO4 oxides 
(R=Rare Earth). 

MAI Z, Germany: l. Jahrestagung der Deut chen 
Gesellschaft fur Kri tallographie - 1992/06/09-12 

SCH EIDER J.R. , 80 CHARD R. , KOVPTSIDI S., 
SCHMIDT T., USS K.D., MAGERL A., MADAR R. 
K-space characterization of imperfect ingle crystals by 
means of a 3-crystal diffractometer for high energy 
synchrotron rad iation. 

THEIRY D., CHATIOPADHYAYT. , MCI TYRE 
G.J. , VO SCH ERI G G. Strukturen beim 
PhasenUbergang: a -TIGaSe2 (paraelektrisch) P-TIGaSe2 
(ferroelektrisch). 

MARSEILLE, France: First European Sympo ium on 
X-ray Topography and High Resolution Diffraction -
1992/07/08-10 

BAUMBACH T., GAILHANOU M., MARTI U., 
CARLI J.F. , RUDRA A. , ILEGEMS M. Four cry tal -s ix 
reflection X-ray diffraction of lII-V multilayer gratings . 

KVLDA J. Recent developments in extinction theorie . 
(Invited talk) 

KULDA J. Extinction in thin cry. tal . (Poster) 

REJMANKOVA P., BARUCHEL J., KULDA J . X-ray 
diffraction on a-LiIO3 crystals in presence of e lectric field. 
(Poster) 

SA DO IS J. Ob ervation by synchrotron radiation 
topography of the pha e coexistence at the triple point in 
MnP. (Talk) 



CONFERENCE 

MONTEREY, California, USA: International 
Conference on Martensitic Transformations -
1992/07/20-24 

PETRY W. Dynamic and Static Precursors of Displac ive 
Transformations. (Abstract) 

MONTPELLIER, France: European Workshop on 
Glasses and Gels - 1992/01/29-31 

PREVEL B., JAL J.F., DUPUY J., CHIEUX P., 
DIANOUX A.J. , LEGRAND J.F. Vibrational dynamics and 
structural relaxation in aqueous electrolyte solutions in the 
liquid, undercooled liquid and glassy states. (Poster) 

MONTPELLIER, France: Ecole Thematique sur les 
Effets de Gradients Internes dans les Semiconducteurs -
1992/09/ 10-11 

LISS K.D. , MAGERL A., MADAR R. Diffraction 
rayons X a haute energie sur des cri staux massifs Si-Ge. 

MONTPELLIER, France: Reunion Fram;aise de 
Ferroelectricite - 1992/09/25 

CURRAT R., PARLINSKI K., VETTIER C., 
ALEKSANDROV A J.P., ECK OLD G. Effet de la press ion 
hydrostatique sur les phases modulees de Rb2ZnBr4. 
(Poster) 

NEW YORK, USA: 7th International Conference on 
Phonon Scattering in Condensed Matter - 1992/09 

ANDRES A. DE, TABOADA S. , MARTINEZ J.L. , 
SAEZ-POCHE R. Phonons and luminescence processes 
studied by Raman spectroscopy in high Tc -related oxydes. 

MARTINEZ J.L. , BERMEJO F.J ., GARCIA­
HERNANDEZ M., ALONSO J., MOMPEAN F.J . 
Collective excitations in a molecular glass. 

PRIETO C. , CHAHID A. , GARCIA-HERNANDEZ M., 
BERMEJO F.J., MARTINEZ J.L. Temperature dependence 
of the sound velocity in a polar liquid: S02. 

PARIS, France: 12eme Rencontre de Physique 
Statistique - 1992/01/30-31 

PALMERI J. Polymeri zed membranes. (Talk) 

PARIS, France: Comite de Direction du GDR Films 
Moleculaires Flexibles - 1992/05 

CHARVOLIN J. Approche topologique des systemes 
de fi lms. 

PARIS, France: Conference: Origin and Evolution 
of the Elements - 1992/06/22-25 

CZAJKOWSKI S. , BERNAS M., SIDA J.L. , 
ARMBRUSTER P. , FAUST H., DESSAGNE P. , MIEHE 
C., PUJOL C., AUDI G., LEE J.K. P., KOZHUHAROV C. , 
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GEISSEL H., MUNZENBERG G. AND THE FRS GRO UP. 
Investigation of very neutron-rich Fe, Co and Ni isotopes 
encountered along the r-process path. 

PAVIA, Italy: Societa Italiana de Fisica. LXXVIII 
Congresso Nazionale - 1992/11/05-10 

FIONl G., FAUST H.R. Deterrninazione della 
distribuzione di carica nucleare nella fi ssione spontanea del 
248cm. (Talk) 

PERM, Russia: IVth Inter-Republican Symposium on 
Residual Stresses: Simulation and Control - 1992/06/30-
07 /3 

KOSCIS M. Neutron strain measurement experiences at 
the Institut Laue-Langevin, Grenoble, and Laboratoire Leon 
Brillouin , Saclay. 

PONTA DELGADA - SAO MIGUEL, Portugal: NATO­
ASI Molecular Spectroscopy: Recent Experimental and 
Computational Advances - 1992/08/30-09/11 

DIANOUX A.J., SAUVAJOL J.L. , SMITHJ., 
KNELLER G.R. Dynamics of Cis- and trans-polyacetylene: 
a combined inelastic neutron scattering and computer 
simulation analysis. (Poster) 

PRAGUE, Czechoslovakia: 12th European Conference 
on Condensed Matter - 1992/04/06-09 

ANDRES A. DE, TABOADA S. , MARTINEZ J.L., 
SALINAS-SANCHEZ A. , SAEZ-PUCHE R. Light 
scattering from R2BaM05 oxydes with R=Lanthanide 
and M=Co, Ni or Cu. 

FRICK B. Short-time dynamics of polymers near the 
glass transition - investigated by inelastic neutron scattering. 
(Invited talk) 

GARCIA-MATRES E., MARTINEZ J.L. , 
RODRIGUEZ-CARVAJAL J., ALONSO J.A. , SALINAS­
SANCHEZ A., SAEZ-PUCHE R. Structural characterization 
and polymorphi sm in R2BaNi05 (R=Y, Yb. Tm , Er, Ho, 
Dg, Dy) studied by neutron diffraction. 

HAYDEN S.M. , AEPPLI G. , CANFIELD P.C. , 
CHEONG S.W. , CLAUSEN K.N., FISK Z., HUNDLEY 
M.F. , MASON T.E., MARTINEZ J.L. , MOOK H.A. , RYTZ 
D. Magnetic exc itations in the high-Tc superconducting 
systems. 

READING, UK: Neutron Scattering - 1992/04/02-03 

HARRISON A. , CLARKE S.J ., MASON T.E. , VISSER 
D., MCINTYRE G.J ., SCOTT C.A., CLAUSEN K. N. 
Neutron and µsr studies of two-dimensional quantum 
antiferromagnets. 

VISSER D., MCINTYRE G.J ., KEEN D.A. , 
SHEARMUR T., MORRISON A. Magnetic ordering in the 
1 D anti fe rromagnet CsMnI 3 - A study using SXD and D 16. 



CONFERENCE 

REGENSBURG, Germany: Verhandlungen der 
Deutschen Physikalischen Gesellschaft, Friijahrstagung 
Festkorperphysik - 1992/03/16-20 

BARANOWSKI J., VOIT J., BUTTNER H. Elektron­
Libronen-Kopplung in Polyanilin. 

CHA TTOP ADHY A Y T. Resonante Magnetische 
Rontgenstreuung in EuAs3. (Talk) 

DORNER B., FAK B. Linienfonn, Anregunsenergien 
und Summenregeln filr inelastische Neutronenstreuung von 
Phononen. (Contributed talk) 

FRICK B., RICHTER D. Niederfrequente Anregungen in 
einem nicht-fragilen polymeren Glas: Polyisobutylen. 
(Contributed talk) 

SCHMID B., DORNER B. , VISSER D., STEINER M. 
Korrelationen im Singulet Grundzustandssystem CsFeBr3 
in Abhangigkeit von Temperatur und Magnetfeld. 
(Contributed talk) 

SCHOBER H. , STRAUCH D., DORNER B. 
Gitterdynamic von Saphir. (Poster) 

SUCK J.-B. Dynamische Eigenschaften der 
ikosaedrischen Legierung Al71 Pd 19Mn JO· 

SUCK J.-B., EGELSTAFF P.A., ROBINSON R.A. , 
SIVIA D.S., TAYLOR A.O. Experimentelle Bestimmung 
der Dispersion kollektiver Schwingungen in einem 
amorphen Festkorper. 

ROUEN, France: Reunion de la Societe Frani;aise 
de Microscopie electronique - 1992/07 

CHARVOLIN J. Cristaux de fluides. 

SALZBURG, France: Spring Meeting of Nuclear Physics 
Sections - 1992/02/24-28 

AIT SALEM M., GEHRKE P., GONNENWEIN F., 
GRAF U. , KAUFMANN J. Energy loss and straggling of 
fission fragments in C, Ni and Au foils. (Poster) 

BOUCHENEB, ASGHAR M., GELTENBORT P., OED 
A. Phenomenon of cold fission for 229Th(nth,f) and 
239Pu(nth,f). (Poster) 

GEHRKE P. , GONNENWEIN F. , MOLLER A., OED 
A., GELTENBORT P. Stop-detector for TOF measurements 
on ions using microchannel plates. 

GELTENBORT P., OED A. Recent results of position 
sensitive gas counters with microstrip anode for neutron 
detection. (Poster) 

GRAF U., GONNENWEfN F., GELTENBORT P., 
DANILY AN G. V ., BONDARENKO L. Parity­
nonconservation in nuclear fission of 233U(nth,f). (Poster) 

GROSS M. , FIONI G., FAUST H.R. Improvement of the 
Lohengrin spectrometer by using a focusing magnet. (Poster) 

MA YERHOFER U., BORNER H.G. , JOLIE J. , ULBIG 
S., WILLIAMS A., SCHRECKENBACH K., WHITE D. 
Discussion of an alternative instal lation of the PN2 (BILL) 
electron spectrometer at an external beam of the ILL. 
(Poster) 
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SAN DIEGO, California, USA: SPIE's 1992 
International Symposium on Optical Applied Science 
and Engineering - 1992/07/19-24 

ANDERSON I. From l to m: the development of 
upermirrors. (Invited talk) 

ANDERSON I., ELSENHANS 0., BONI P., 
FRIEDLI H.P., GRIMMER H., BUFFAT P., LEIFER K. 
Thin films for neutron optics. (Contributed paper) 

GELTENBORT P. , OED A. Features of microstrip 
proportional counters. 

GELTENBORT P. , OED A., JACOBE J., FELTIN D. 
Thennal neutron position-sensitive detectors used at the 
Institut Laue-Langevin. 

LUKAS P., VRANA M., MIKULA P., KULDA J. 
Instrumentation for strain measurements using cylindrically 
bent perfect crystals. 

MIKULA P., LUKAS P. , KULDA J. , STRUNZ P. , 
V ARONV J. , WAGNER V., SCHERM R. , ALEFELD B., 
REINARTS R. Unconventional double bent-crystal (DBC) 
diffractometer equipped by a position sensitive detector. 

SCHELLERHAU, Germany: XXIlnd European 
Symposium on the Dynamical Properties of Solids -
1992/09/27-10/01 

DORNER B. Anomalies of the acoustic phonons 
behavior in disordered perovskite-like crystals. 
(Poster & Abstract) 

DORNER B., SCHMID B., PETITGRAND D., 
REGNAULT L.P., STEINER M. Neutron scattering from 
CsFeCl3 in an external magnetic field. (Poster) 

PETRY W. Neutron Scattering near the Transition to the 
Glassy State. 

TRAMPENAU J., LAUTER H.J., LEIDERER P., 
TAUB H. Dynamics of physisorbed krypton on graphite. 

SENDAI, Japan: Sendai Conference on "Correlated 
Electrons" - 1992/09 

LANDER G.H. Neutron and synchrotron X-ray 
scattering experiments on actinides. (Contributed paper) 

SINGAPORE: Inaugural Conference of the Asian 
Crystallographic Association - 1992/11/13-16 

OLOVSSON I. , MCINTYRE G.J., PTASIEWICZ-BAK H. 
Bonding deformation and superposition effects in the 
electron density. (Poster) 

ST. ETIENNE, France: 8eme Collogue International. 
Investigation des Metaux et Nouveaux Materiaux -
1991/11 

BASTIE P., BELLET D., ROYER A., BARUCHEL J. 
Two non destructive techniques for the investigation of 
single grain turbine blades : y-ray diffractometry and neutron 
topography. 



CONFERENCE 

ST. LO IS, SA: 4th International Conference 
on Quasicrystals - 1992/04/31-05/06 

S UCK J.-B., KLE I T. , PARES G., FOURCAUDOT G., 
C YROT-LACKMA F. Atomic dynamic of icosahedral 

Al62Cu25_5Fe 12.s and tetragonal AL70Cu20Fe 10: 
A comparati ve tudy u ing neutron ine las tic scattering. 
(Contributed paper) 

SUCK J. -B. Generali zed vibrational den ity of tates 
of ico ahedral Al7 t Pd 19Mn t 0· (Contributed paper) 

THESSALO IK , Greece: 6th International 
Conference on Intergranular and Interface Boundaries 
in Material - 1992/06/21-26 

GRIMMER H .. BOE 1 P., FRIEDLI H.P .. A DERSO 
I. , LEIFER K. , BUFFAT P. Growth and investigation of 

i/Ti multilaye r . (Talk) 

TOK 1-M RA, Japan: Fir t eutron Symposium 
JAERI - 1992/12/16-18 

ZEYE C.M.E. Polarized neutrons by Zeeman splitting: 
applications. (Invited talk ) 

ZEYE C.M.E. , ISHI M. , KAKURAI K. A versatile 
spin-echo option for Ponta at the JRR-3 M reactor. (Poster) 

TSUK BA, Japan: BSR92 Tsukuba - 1992/08/30-09/04 

TIMMI S P.A. Low re olution neutron crystallography 
of lipoprote ins and membrane prote ins. 

UPPSALA, Sweden: International Symposium on Metal­
Hydrogen Systems, Fundamentals and Applications -
1992/06/08-12 

GYGAX F. ., AMATO A. , A DERSO I.S., RUSH 
J.J. , SCHE CK A. Study ofµ+ localization and diffusion 
in Sc and ScHo.OS · (Contributed paper) 

LEISURE R.G .. SCHWARZ R.B ., MIGLIORI A .. 
TORGESO D.R., SY ARE I. , ANDERSO I.S. Resonant 
ultrasound investigation of rare-earth meta l-hydrogen 
materi a ls. (Contributed paper) 

UDOYIC T.J ., RUSH J.J. , BERK .F., ANDERSO 
I.S., DAOU J. ., VAJDA P., BLASCHKO 0. eutron 
spectroscopic compari son of rare-earth/hydrogen a -phase 
system . (Contributed paper) 

VIE A, Austria: 8th International Conference on 
Liquid and Amorphous Metal , LAMS - 1992/08/31-09/05 

JA OT C. Structure of Qua icry tals. (In vited eminar) 

JA OT C., BOISSIEU M. DE, BOUDARD M., 
CURRAT R. , Q UILICHI IM ., HE 10 B., GOLDMA 
A. Phonon in Al-Pd-Mn Quas icry ta l . (Talk) 

S C K J.-B. Dynamic propertie o f g las e. and 
quas ic rystals . (I nvited seminar) 
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VILLE EUVE D' ASCQ, France: Troisiemes Journees 
de la Matiere Condensee de la SFP - 1992/09/02-04 

BAR UCHEL J. Coex istence de phases helimagnetique­
ferromagnetique-eventail dans MnP etudiee par 
topographies aux neutron et au rayonnement ynchrotron. 
(Invited eminar) 

WUTTKE J. Diffusion qua iela tique de neutrons 
autour de la transition vitreuse. (Talk) 

VILLIGE , Switzerland: Work hop uber 
Instrumentierung der Spallationsneutronenquelle SI Q 
am Paul Scherrer Institut - 1992/03/ 16-20 

Invited Experts: A DERSO I.. DOR ER B., 
GEL TE BORT P. , HEWAT A.W, MAYR .. PETRY W., 
SCHARPF 0 ., VOGT T. 

WINDSOR, K: International Workshop on 
Quasielastic eutron Scattering - 1992/04/06-07 

BERMEJO F.J .. CHAHlD A., GARCIA-HER A DEZ 
M. , MARTINEZ J.L. , MOM PEA F., E CISO E. eutron 
qua ielastic scattering from molecular liquid and glas es. 

CHAHID A. , GARCIA-HER AN DEZ M. , BERMEJO 
F.J .. MARTI EZ J.L.. E CISO E. Quasielastic neutron 
scattering from condensed oxygen. 

DIA OUX A.J . Future directions in 4uasielastic neutron 
scattering. (Invited talk ) 

SCHAERPF 0 . Polarization anal ys is techniques for 
quasielastic neutron scattering. (Invited talk) 



W ORKSHOPS 

Workshops organized or 
sponsored by the ILL in 1992 

Bombanne , France., May 31- June 6, 1992. 
2nd European Work hop on eutron X-ray and light 

Scattering in Colloidal and Polymeric Systems 
Organizers: P. LINDNER, T. ZEMB 

La Colle-sur-Loup, France, May 12-14, 1992. 
Joumee de la diffusion neutronique. 

Organizers: CURRAT R. , FRIES E. 

Grenoble, (ILL), France, April 14-15, 1992. 
Journees des Polymeres et des Collo'ides. 

Organizers: GEISSLER E., LINDNER P. 

Grenoble (ILL), France, September 10-11, 1992. 
International Workshop on the Determination 

of Partial Structure Factors of Disordered Matter 
by Neutron and Anomalous X-ray Diffraction. 
Organizers: CHIEUX P. , KYICK A., RAOUX D., 
RIEKEL C., SUCK J.B. 

Grenoble (ILL), France, October 5-7, 1992. 
Workshop on Applications of High Resolution 

Gamma-Spectroscopy in Studies of Atomic Collision 
and Nuclear Lifetimes. 
Organizer : BOERNER H.G., JOLIE J., PENDLEBURY M. 

Giardini Naxos (Messina - Italy) September 15-18 1992. 
Neutron Scattering from Liquids 

7th Conference of the Liquids Section of the 
Condensed Matter Division. 
EPS Liquid State Conference and Summer School . 
Organizers: TEIXEIRA J., DIANOUX A.J. , 
WA DERLINGH F. 
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Monographs 

JANOTC. 
"Quasicrystals. A primer. Monographs 

on the Physics and Chemistry of Materials" 
(Oxford University Press, 1992) ISBN 0-19-851389-5. 

KEARLEY G.I. Ed. 
"Instrumentation for neutron spectroscopy" 

Spectrochimica Acta. 
Part A: Molecular Spectroscopy 
Vol. 48A, N°. 3 - March 1992. 



THESES 

Theses 
AMALRJC E. 

Etude des structures cri stalline et de trans1tIon 
de phase de polymeres ferroelectriques P(VDF-TrFE). 

The e de Doctoral, Univer ite Joseph Fourier -
Grenoble I. 27 mai 1992. 

ASSAF J.E. 
Etude et reali ation d'un detecteur gazeux a microruban 

pour l'imagerie des neutrons thermiques. 
These de Doctoral, Universite Joseph Fourier -

Grenoble I, 13 octobre 1992. 

DAKIN S.J . 
pin fluctuations in metallic magnets. 

Ph. D Thesis, University of Southampton, 
September 1992. 

DAVIES E. 
eutron diffraction studies of amorphous ice 

and amorphous ice Co-depo its. 
Ph . D The is, Univer ity of Kent, U.K., May 1992 

DO G C. 
Structure et formation des quasicri taux et des phase 

cri stallines approximantes dan les alliages 
Ti-Fe, AI-Cu-Fe(-Cr), AI-Cu-Co(-Si) et Al-Pd-Mn. 

The e de Doctorat, lnstitut ational Polytechnique 
de Lorraine, France, 12 Decembre 1991. 

FERNA DEZ DIAZ M.T. 
Estudio de los oxidos de! tipo 

Tr2 i04+0 (Tr = La, Pry d) mediante tecnicas 
de haces de neutrones. 

Memoria para optar al grado de Doctora, 
Univer idad Autonoma de Madrid, Spain , July 1991 

JOLIE J. 
Nuclear tructure at high level densities: theoretical 

studies and a new method to measure short lifetimes 
Dissertation, Universiteit Gent I 99 1-1992. 

LORENZO D IAZ J.E. 
Etude par diffusion de neutron des transitions de phase 

dans le composes quasi-unidimen ionnel (TaSe4)2I 
et (NbSe4)3I. 

These de doctoral, Univer ite Jo eph Fourier­
Grenoble, 12 ovembre 1992. 

MEDARDE BARRAGAN M.L. 
Estudio de los oxidos Tr2-xSrx iO4_0 (Tr = La, d) 

y TrNiO3 (Tr = Pr, Nd) mediante difraccion de neutrones 
y espectroscopia de absorcion de rayos X 

Memoria para optar al grado de Doctora en Ciencias 
Fi icas, U niver idad de Barcelona, Mayo de 1992. 
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MOELLER T. 
Struktur und Dynamic von phys isorbierten Filmen 

unter ucht mit Neutronenstreuung. 
lnaugurat Dissertation, Univer itaet Kon tanz, 

Germany, 1991. 

MURSICZ. 
Entwicklung von Hochtemperaturneutronenstreuoefen 

und Strukturuntersuchungen an ZrSiO4 und ZrO2 bei 
Temperaturen bis 2300 K. 

Di ertation, Univer itaet Muenchen, Juli 1992. 

SCHOBER H. 
Unter uchung der Gitterdynamik von Saphir mit Hilfe 

der inelasti schen eutronen treuung. 
Dissertation , Universitaet Regen burg, 1992. 

SMITH K.F. 
Structural inve ligation of the component of the 

complement cascade. 
Ph. D The i , University of London, 1992. 



PUBLICATIONS 

Publications • 
Internal reports 1992 
This list group publications received during 1992 re ulting 
from the re earch at the ILL. 
CLL Report are listed fir t. They are followed by the list 
of publications in journals, conference proceedings, books 
with ILL authors and co-author and by publications related 
to experimental work performed by vi iting cienti t at the 
ILL but without ILL co-author . 

Internal Reports 
(Code number I to 99) 
(G=General Reports, T=Technical Reports) 

92FA01T 
FAUST H., FIONl G.- A Bpv- pectrometer to investigate 
binary reaction . 
Technical Report. 

92 O02T 
OZIERES P.- Liquide de Fermi a une dimension. 

Methode de perturbation et An atz de Bethe. 
Cours au College de France 1991 - 1992. 

Technical Report. 

92CO03T 
COP ELL J., ROBlNSO S.J ., LIPPERT W., RAEBEL 
V.- Gamma-ray ob erved in mas 138 isobar produced in 
the fission of 235u, and directional correlation in 138xe. 
Technical Report. 

92GO04T 
GOBRECHT K., MELESI L. , MCI TYRE G.J. - High 
pressure facilitie at the Institut Laue-Langev in. 
Technical Report. 

92BE0ST 
BENA I.- Etude non lineaire de la dynamique 
d'une marche cry talline en croissance par epitaxie. 
Rapport de Stage de DEA de Phy ique des Sol ides. 

Report ILL. 

92KL06T 
KLORA J.- CHi2 analyse pour la methode GRID. 
Technical Report. 

92C 07T 
CURRAT R .. FRIES E.- Journees de la diffu ion 
neutronique. 
a) Programme et Resume 
b) Compte-rendu 
Technical Report. 
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92FA08 
FAK B., DORNER B.- On the interpretation of phonon line 
shape and excitation energies in neutron scattering 
experiments. 
Scientific Report. 

92CA09G 
CASTETS C., SUORTTI 1.- ILL Experimental Report 
and Theory College Activities 1991 
Technical Report. 

92SU10T 
SUTTLING P. - Sample environment equipment. 
Technical Report. 

92TH11T 
THOMAS L.- Optimisation du polarimetre neutronique 
Cryopad. 
Rapport de Stage de Maitrise de Physique. 

92JA12T 
JA OT C.- La structure atomique de materiaux: 
un exemple curieux, les quasicristaux. 
Technical Report. 

92CH13T 
CHfEUX P., SUCK J.B.- ILL/ESRF Work hop on methods 
in the determination of partial structure factors of di sordered 
matter by neutron & anomalous X-ray diffraction (Ab tract ). 
Technical Report. 

92ZE14T 
ZEYEN C.M.E.- Optimization of larmor-precession magnets 
for neutron beams. 
Technical Report. 

92RO15T 
ROBI SON S.J ., JOLIE J.- The computer code GRfDDLE. 
Internal Report. 

928O16T 
BOER ER H.G.- Workshop on applications of high 
resolution gamma spectroscopy in studies of atomi 
colli ion and nuclear lifetime (Abstracts). 
Technical Report. 

92RU17T 
RUPP R.A. , HEHMAN J. , !BEL K. ,MATULL R.- Topical 
meeting on Photorefractive material , effects and devices II. 
Internal Report. 

92TI18T 
TIMM I S P.A.- Low re olution neutron crystallography of 
large macromolecular assemblie . JAERI , Japan Supplement 
4-5, 1992 - Proceeding of " Neutron in Biology" 
Internal Report. 



PUBLICATIONS 

92FA19T 
FARAGO J. - Application de la diffusion quasielastique de 
neutrons a l'etude de cristaux liquide de la famille des 
tetraalcanoates de cuivre II. 
Rapport de Stage de Licence, Laboratoire de Spectrometrie 
Physique, Universite Joseph Fourier, Juin, Juillet 1992. 
Technical report 

Papers published in Scientific periodicals, 
Books and Conference Proceedings: 

1- With ILL authors & Co-authors 
(from code number 101). 

92MA101 

VAN DER MAAREL J.R.C., GROOT L.C.A. , MANDEL 
M., JESSE W., JAN INK G., RODRIGUEZ Y.- Partial and 
charge structure function of monodisper e D A fragment 
in salt free aqueous solution. 

Journal de Physique II 2, I 09-122 ( 1992). 

92SC102 
SCHAERPF 0 ., CAPELLMA H.- Investigations 
of magnetic excitations in a La2CuO4 ingle cry tal. 

Zeitschrift fur Physics B 86. 59-67 ( 1992). 

92KR103 

KRlMMEL A. , LOIDL A., GEIBEL C. , STEGLICH F. , 
MCINTYRE G.J .- eutron diffraction experiments on 

UCu4+xAl8-x· 
Journal of Magnetism and Magnetic Material I 03, 
73-77 (1992). 

92GU 104 

GUYOT P., KRAMER P. , BOISSIEU M. DE­
Quasicrystals. 

Report on Progress in Physic 54, 1373-1425 ( 1991 ). 

92Rll05 
RICHTER D. , ZORN R., FARAGO B., FRICK B., 
FETTERS L.J.- Decoupling of time cales of motion 
in polybutadiene close to the gla s transition. 

Physical Review Letters 68, 71-74 ( 1992). 

Comments on ibidem. Physical Review Letter 69, 1620 
(1992). 

92TE106 
TERECH P., SCHAFFHAUSER Y. , MALDIVI P., 
GUENET J .M.- Rheological and neutron scattering 
investigations of the jelly state of binuclear copper 
complexe in cyclohexane. 

Europhysics Letters 17, 515-521 ( 1992). 
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92JE107 
JEHA D.A., MCMORROW D.F. , COWLEY R.A. , 
MCI TYRE G.J .-The magnetic structure of holmium 
in an easy-axi magnetic fie ld. 
Europhysic Letters 17, 553-558 ( I 992). 

92RI108 
RITTER C. , CYWI SKI R. , KILCOY E S.H., MONDAL 
S.- The magnetic structure of H0Mn2. 
Journal of Physics: Condensed Matter 4, 1559-1566 ( 1992). 

92G L109 
GLADDEN L.F. , VIG AUX M., CH IARANUSSATl P., 
GRIFFITHS R.W., JACKSO S.D., JONES J.R. , 
SHARRATT A.P., ROBERTSON F.J .. WEBB G. , CHIEUX P. , 
HA O A.C.- Structural studies of high surface area 
silicas. 
Journal of on-Crystalline Solid 139, 47-59 ( 1992). 

92RI110 
RIECK C.T., SCHAR BERG K., SCHOPOHL -
Quasicla ical theory of the upper critical field of high-field 
superconductors. Application to momentum-dependent 
cattering. 

Journal of Low Temperature Phy ics 84, 381 -464 ( 1991 ). 

92SC111 
SCHRECKE BACH K., MAMPE W.- The lifetime 
of the free neutron. 
Journal of Physics G 18, 1-34 ( 1992) 

92SO112 
SOS ICK T., CHARLES S. , STUBBS G., YAU P., 
BRADBURY E.M., TIMM! S P., TREWHELLA J. ­
Orienting rigid and flexible biological assemblie in 
ferrofluid for small-angle neutron scattering tudies. 
Biophysical Journal 60, 1178-1189 ( 1991 ). 

928 113 
BALLOU R. , OULADDIAF B., BROW P.J., U EZ 
REGUEIRO M.D., LACROIX C.- Unusual field-induced 
tran ition in a frustrated itinerant anti ferromagnet. 
Phy ical Review B 45 , 3158-3160 ( 1992). 

92S1114 
SIMO CH., ROSE MA I., BATALLA F., 
LARTJGUE C. , LEGRAND J .F. - Mea urement of the 
dynamic of a two-dimen ional di location-mediated 
melting. 
Phy ical Review B 45, 2694-2698 ( 1992). 

92 HUS 
CHALKER J.T. , HOLDSWORTH P.C.W., SHE DER 
E.F.- Hidden order in a fru trated sy tem: Properties 
of the Heisenberg Kagome anti ferromagnet. 
Phy ical Review Letter 68, 855-858 ( 1992). 



PUBLICATIONS 

921S116 
ISNARD 0., MfRAGLIA S. , SOUBEYROUX J.L., 
FRUCHART D., PANNETIER J.- Neutron powder­
diffraction study of Pr2Fe 17 and Pr2Fe 17 2·9· 
Physical Review B 45, 2920-2926 ( 1992). 

92HE117 
HEIMING A., PETRY W., TRAMPENAU J., MIEKELEY 
W., COCKCROFT J.- The temperature dependence of the 
lattice parameter of pure BCC Zr and BCC Zr-2 at.% Co. 
Journal of Phy ics: Condensed Matter 4, 727-733 ( 1992). 

92CO118 
COCCIANTELLI J.M., SUH K.S., SE EGAS J., 
DOUMERC J.P., SOUBEYROUX J.L., POUCHARD M., 
HAGENMULLER P.- 7Li MR in electrochemically 
intercalated y-Lix V2O5 bronzes (0.95 ~ x ~ 1.9). 
Journal of Physics and Chemistry of Solids 53, 51-55 
(1992). 

92PL119 
PLA ES A., MANOSA L., VIVES E., RODRIGUEZ­
CARVAJAL J., MORINS M., GUENI G., MACQUERON 
J .L.- eutron diffraction study of long-range atomic order 
in Cu-Zn-Al shape memory alloys. 
Journal of Physics: Condensed Matter 4, 553-559 (1992). 

921S120 
ISNARD 0 ., MIRAGLIA S., SOUBEYROUX J.L. , 
FRUCHART D.- Neutron powder diffraction study 
of R2Fe17Hx compound with R = Pr and Nd. 
Solid State Communications 81, 13-19 ( 1992). 

92AL121 
ALEFELD B., SPRINGER T., HErDEMANN A.- Neutron 
backscattering, a method for high-precision measurement 
of energy transfers and lattice parameters. 
Nuclear Science and Engineering I I 0, 84-95 ( 1992). 

92CH122 
CHA TTOPADHY A Y T., VON SCHNERING H.G., 
STANSFIELD R.F.D., MCINTYRE G.J.- X-ray and neutron 
diffraction study of the crystal structure of MnS2. 
Zeit chrift fuer Kristallographie 199, 13-24 ( 1992). 

92TS123 
TSERTOS H., KIENLE P. , JUDGE S.M. , 
SCHRECKENBACH K.- Experimental exclusion of neutral 
resonances in Bhabha scattering at MeV energies. 
Physics Letters B 266, 259-263 (1991 ). 

92BR124 
BROWN P.J .. OULADDIAF B., BALLOU R., DEPORTES 
J., MARKOSYAN A.S .- Mn moment instability in the 
TbMn2 intern1etallic compound. 
Journal of Physics: Condensed Matter 4, 1103-11 13 (1992). 
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92AN125 
ANTO IETTI M., HEYNE J., SILLESCU H., Ll D ER 
P.- Telechelic polystyrene O'., ffi -macrozwitterions, I. 
Synthesis and Characterization. 
Makromolekulare Chemie 192, 3021-3034 (1991). 

92PR126 
PRASSIDES K., ROSSEINSKY M.J., DlANOUX A.J. , 
DAY P.- Temperature and compo ition evolution 
of the phonon density of states in (Ba,K)(Pb,Bi,Sb)O3 
ceramic oxides. 
Journal of Physics: Condensed Matter 4, 965-975 (1992). 

92CL127 
CLARKE S.J., HARRISON A., MASON T.E., MCINTYRE 
G.J ., VISSER D.- Magnetic ordering and fluctuations 
in the S = 1/2 square Heisenberg antiferromagnet 
Cu(DCO2)2.4D2O. 
Journal of Physics: Condensed Matter 4, L 71-L 76 ( 1992). 

92CO128 
COOK J.C., PETRY W., HEIDEMANN A., 
BARTHELEMY J.F.- A dynamic range upgrade for neutron 
backscattering spectroscopy. 
Nuclear Instruments and Methods in Physics Research A 
312, 553-560 (1992). 

92CHI29 
CHAHID A., BERMEJO F.J., ENCISO E., GARCIA 
HERNANDEZ M., MARTINEZ J.L. - Single-particle 
dynamics of liquid CCl4: a comparison of molecular 
dynamics and neutron quasi -elastic scattering results. 
Journal of Physics: Condensed Matter 4, 1213-1231 ( 1992). 

92BE130 
BEAUFILS J.P.- Polarized neutron diffraction by D2 
chemisorbed on a Nickel powder. 
Journal of Applied Crystallography 25 , 52-64 ( 1992) . 

92KE131 
KEARLEY G.J. - Instrumentation for neutron pectroscopy. 
Spectrochimka Acta 48A, 285-291 ( 1992). 

92LE132 
LEHMANN M.S., PEBA Y-PEYROULA E. - Location of 
the ulfur atoms from the phased anomalous map u ing 
native protein data can be very helpful in tracing 
the peptide chain. 
Acta Crystallographica B 48, 1 15- 116 ( 1992). 

92MA133 
MAY R.P., NOWOT Y V. , NOWOTNY P., VOSS H. , 

IERHAUS K.H.- Inter-protein distances within the large 
subunit from Escherichia coli ribosomes. 
The EMBO Journal 11 , 373-378 (1991). 



PUBLICATIONS 

92SC134 
SCHMID B., DORNER B. , VISSER D., STEINER M.­
Temperature and magnetic field dependent correlations 
in the singlet ground state system CsFeBr3. 
Zeitschrift fur Physik B 86, 257-262 (1992). 

92PA135 
PAIXAO J.A., LANDER G.H. , BROWN P.J. , DE BOER 
F.R., NAKOTTE H. , BRUECK E.- Magnetization density 
in URhAJ-evidence for hybridization effects. 
Journal of Physics Condensed Matter 4 , 829-846 ( 1992). 

92Mll36 
MICHAELIS C., MATTAUSCH H.J. , BORRMANN H. , 
SIMON A., COCKCROFT J.K.- LnHal2Hn - Neue phasen 
in den ternaeren Systemen Ln/Ha/H . I. Strukturen. 
Zeitschrift fur Anorganische und Allgemeine Chemie 607, 
29-33 ( 1992). 

92RO137 
ROBL C., HENTSCHEL S., MCINTYRE G.J.- Hydrogen 
bonding in Be[C2(COO)2]•4H2O - A neutron diffraction 
study at 15 K. 
Journal of Solid State Chemistry 96, 318-323 ( 1992). 

92FA138 
FANJAT N., LUCAZEAU G., DIANOUX A.J.- Study 
of Na3Fe2(PO4)3 and Na3Cr2(PO4)3 in their paramagnetic 
phases by neutron scattering. 
Journal of Physics and Chemistry of Solids 53, 395-403 
(1992). 

92BA139 
BARANOWSKI D. , BUETTNER H., VOIT J.- Influence 
of libronic degrees of freedom on electronic properties 
of polyaniline. 
Physical Review B 45, I 0990-1 J 003 ( 1992). 

92S1140 
SIMON CH., FAIVRE G., ZORN R., BAT ALLAN F. , 
LEGRAND J.F.- Neutron spin echo study of the dynamics 
of undercooled selenium. 
Journal de Physique I 2, 307-3 I 4 (1992). 

92DE141 
DELFS C.D., FIGGJS B.N., FORSYTH J.B ., KUCHARSKI 
E.S., REYNOLDS P.A. , VRTJS M.- Spin distribution, 
canting and covalence in (ND4)2Cr(SO4)2.6D2O by 
polarized neutron diffraction. 
Proceeding of the Royal Society of London A 436, 417-426 
(1992). 

92KA142 
KAUFMANN J., MOLLENKOPF W., GOENNENWEIN 
F. , GEL TENBORT P. , OED A.- Cold deformed fission 
in 232U(n, f) and 239Pu(n,f). 
Zeitschrift fur Physik A 341, 319-326 ( 1992). 

INTERNAL REPORTS 

173 

92KR143 
KRIMMEL A. , FISCHER P. , ROESSLI B. , MALETT A H. , 
GEIBEL C. , SCHANK C., GRAUEL A. , LOIDL A., 
STEGLICH F.- Neutron diffraction study of the heavy 
fermion superconductors UM2Al3(M = Pd, Ni). 
Zeitschrift fur Physik B 86, 161 -1 62 (1992). 

92HE144 
HEIMING A., PETRY W., TRAMPENAU J.- Are 
martensitic phase transitions in pure group 3 and 4 metals 
driven by lattice vibrations ? 
Journal de Physique IV - Collogue C4 - Supplement 
au Journal de Physique III , 1, C4/83-C4/88 ( 1991 ). 

92LA145 
LAUTER H.J ., BLAND J.A.C., BATESON R.D., 
JOHNSON A.D.- Magnetic properties of ultrathin Co/Ag 
films investigated by polarised neutron reflection. 
Proceeding of the 2nd International Conference "Surface 
X-ray and Neutron Scattering" H. Zabel et al. eds., Bad 
Honnef, Germany, June 25-28, 1991 (Springer Verlag 1992). 
Springer Proceedings in Physics 61 , 219-222 (1992). 

92GO146 
GOFF J.P. , HUTCHINGS M.T. , HULLS ., FA.KB. , 
HA YES W.- Coherent diffuse neutron scattering from the 
anion-excess fluorite (Sr, Y)Cl2.03· 
Journal of Physics: Condensed Matter 4, 1433-1446 ( 1992). 

92SK147 
SKOURI M. , MARJGNAN J., MAYR.- X-ray and neutron­
scattering study of the lamellar and L3 phases of the system 
aerosol-OT-water: effect of NaCl and decane. 
Colloid and Polymer Science 269, 929-937 (1991). 

92BE148 
BELLET D. , BASTlE P. , ROYER A. , LAJZEROWICZ J., 
LEGRAND J.F.- Etude de la microstructure du superalliage 
AM I par diffusion aux petits angles des neutrons. 
In "Collogue du Groupement Scientifique Microstructures 
et Proprietes des superalliages monocristallins. 
Nancy (1990) pp. 47-54. 

92CH149 
CHAR VOLIN J., SADOC J.F.- Films of amphiphiles and 
minimal surfaces. 
Proceedings of the International Workshop " Amphiphilic 
membranes " Lipowsky R. et al. Eds., JUlich , Germany, 
September 16-18, 1991 (Springer Verlag 1992). 
Springer Proceedings in Physics 66, 234-243 (1992). 

92CR150 
CRAMER C., FUNKE K. , VORTKAMP C., DlANOUX 
A.J. , GRUENE R. - Search for quasielastic neutron scattering 
components due to jump relaxation in glass. 
Berichte der Bunsen-Gesellschaft fuer Physikalische Chemie 
95 , 1140-1145 (1991). 



PUBLICATIONS 

928Ul51 
BUDTZ-JORGE SE C., MADSE M .M., JO ASSO 
P., WESTERGAARD N.J. , BAHNSE A., SCHNOPPER 
H.W. , OED A.- Two wireless imaging proportional 
counters. 
"EUV, X-Ray and gamma Ray Instrumentation for 
Astronomy and Atomic Physics", Hailey C.J. Ed. , 
San Diego, California, August 7-11 (L989) 
Proceedings SPIE 1159, 236-245 ( 1989). 

92PA152 
PAUL MCK. D. , FORGAN E.M., CUBITT R., LEE S.L. , 
MOOK H.A. , TIMMINS P.- Neutron scattering from 
the flux lattice in high temperature superconductors. 
Journal of Magnetism and Magnetic Materials I 04-107, 
59 1-592 ( 1992). 

92CH153 
CHA TTOPADHY A Y T. , BROWN P.J., STEPANOV A.A., 
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