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A PPLICATIONS FOR THE USE OF ILL FACILITIES 

All research proposal have to be submitted to the 
Scientific Council for approval. The Council meets twice 
each year and the c losing dates for the acceptance of 
applications are: 

February 15 and August 31. 

The completed research propo al forms should be 
ent to: 

Scientific Coordination and Public Relations 
Office (SCAPRO) 

lnstitut Max von Laue - Pau l Langev in 
156X 

38042 Grenoble Cedex 
France 

Tel. 76 20 72 44 B. Maier 
Tel. 76 20 71 79 H. Blank 
Tel. 76 20 70 41 K. Mayer-Jenkins (Secretary) 
Tel. 76 20 70 82 D. Dijoux (Secretary) 
Telex: 320621 F 

(Appropriate application forms may be obtained on 
request from the above office). 

Under normal circumstances the ILL makes no charge 
for the use of it facili ties. However, pecial equipment 
(other than the exist in g in struments, counters , standard 
cryostats and sh ielding requirements) must be provided by 
the user. This applies particu lar ly to the experimenta l 
samples which mu t, in all ea es, be provided by the u er. 
Chemistry and Biology laboratory facilities are available for 
any nece sary sample preparation. 

The ILL make a limited contribution towards the travel 
and ubsistence expenses for experimentali t coming from 
approved laboratorie in the six member countries. (Detail 
on request). 

Front Cover: 

Commercially exploitable results 
Visitors and ILL scientists may occa ionally be involved 

in experiments which have po ible commercial 
applications. lf any scientist con ider that this is the case, 
he hould get in touch with the Scientific Secretary. 

Other publications available 
Guide to Neutron Research Facilities, Edition 1988/89, 

General Information and Regulations, Edition 1990, both 
available from SCAPRO. 

Exper imenta l Reports and Theory Coll ege Activ ities 
1990, 

available from the ILL Library. 

Growth of y-phase precipitates during "in- itu " annea l ing ( l 100°C) of a Ni-Al superalloy single crystal 
(results recorded by small-angle scattering on D 1 1 ). 
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THE INST/TUT MAX VON LAUE PAUL LANGEVIN 

The In stitut Max von La ue- Langev in (ILL) at 
Grenoble was fo rmally fo unded in January 1967 , 
with th e s ig na ture of a n inte rgov e rnm e nt a l 
co nve nti o n be twee n Fra nce a nd th e Federa l 

Republic of Germany. The aim wa to provide the scienti fic 
community of the affili ated countries with a unique neutron 
beam fac ility applicable in fi e lds such as the phys ics o f 
condensed matter, chemistry, biology, nuclear phys ics and 
materi als sc ience. The construction of the In titut and its 
high flux reactor was undertaken as a joint French-German 
project, with a total capital investment of 335 million FF. 
The reactor went critical in August 1971 and reached it full 
power of 57 MW for the first time in December 1971 . The 
year 1972 saw the start-up of the cold and hot source , the 
fir st in s trume nts and the beginning of the ex perimental 
programme. 

On January I st, 1973 the United Kingdom joined the 
Institut as a third equal partner, contributing its share to the 
tota l capital inv es tm e nt. Th e co rres pondin g 
intergovernmental convention wa formally signed in July 
1974 by the pertinent mini sters from the three affili ated 
countries. On December 9, 198 1 a protocol was signed by 
representati ves from the three member coun tri es which 
ex tended the agreement until 1992 and beyond unless two 
years ' notice of termination has been given. 

In D ece mbe r 1986 , a n ag ree me nt o n " Sc ie nti f ic 
Membe r hip" o f Spa in wa signed by the ILL and the 
Spa ni sh Inte rmini s te ri a l Commi ss io n on Sc ience and 
Technology for a period of fi ve years starting on January 
I st, 1987. Switzerland became another "associated scientific 
member" of the Institut in 1988 as well as Austria in 1990. 
The pertinent agreement between the ILL and the Austrian 
Academy of Sciences wa igned in April 1990.*) 

The ILL is a non-trading company under French civil law. 

The three countries are represented by the foll owing 
Associates: 

• Kernforschungszentrum Karl sruhe GmbH , Germany 
• Centre National de la Recherche Scientifique, France 
• Commissariat a I 'Energie Atomique, France 
• Sc ie nce a nd E ng inee r ing Resea rc h Co un c il , 

United Kingdom. 
Th ese A soc iate a re re prese nt ed on a St ee rin g 

Committee, whi c h es tabli shes th e general rul es of the 
management of the ILL. The Institut is headed by a Director 
and two As istant Directors, all with a fi ve year tenure, the 
fo rmer to be nominated alternately by the German and the 
Briti h Ass oc ia te , th e o th e r two by th e re ma inin g 
Ass oc ia tes . A Sc ie nti f ic C o un c il , nomin ated by th e 
A ss oci a tes, advi ses the Direc tors on the sc ientific 
programme and on prac tical aspects relating to its operation. 
The cientific users' community of the ILL is represented in 
8 subcomittees of the Scientific Council , which meet twice 
a year to e lect tho e research propo als which are to be 
carri ed out at the ne utron beam fac il iti es of the ILL. A 
further ubcommittee of the Sc ientific Council deals with 
ques ti o ns of in s trum e ntation , se rv in g as a di sc uss ion 
platform between the ILL and its external users. The purpose 
of the ILL thus differs from other research institute in so far 
as it is a se rvice institute created so that chemi stry, solid 
state phys ics , fundamental and nuclear physics, biology and 
me ta llurgy spec ia li s ts from labora tori es in the partner 
countries can use the unique power of neutron techniques to 
broade n the a ttac k on th e ir probl e ms . Des ignin g and 
operating instruments and helping the visiting users to carry 
o ut the ir ex perim e nts is thu the princ ipa l task of the 
In s titut ' s own sc ie nti sts . The expe rime ntal use of the 
in trument by ILL staff is ubject to the ame approva l 
y tern a their use by ex ternal team . 

*) Under these agreement Spanish, Swi and Austrian scientists have access 10 the ILL facilitie under the same conditions as the three 
member countrie and have the poss ibility of ending two the is tudents. A ear i re erved for a Spanish, Swi s and Austrian scienti t in the 
ILL Sc ientific ouncil a we ll a member hip in two of our sub-commi ttees. The participation of Spain, Switzerland and Au tri a to the ILL 
Budget is limi ted 10 1.5 % each. 
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EXTERNAL ORGANIZATION 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 (CNRS) 

SPAIN 

Comission lmerministerial 
de Ciencia 

y Technologia (CICT) 

SWITZERLAND 

Schweizer Bundesarnt 
fur Bildung 

und Wissenschaft (SBBW) 

FEDERAL REPUBLIC 
OFGERMANY 

Kemforschungzentrum 
Karlsruhe (KFK) 

AUSTRIA 

Osterreichische Akademie 
der Wissenschaften 

Countries with scientific membership 

Hansen (BMFf) 
Klose (KFK) 

Schunck (BMFf) 

Steiner (Univ. Mainz) 

Plenary Session 

30 members 

Steering Committee 
(at its last meeting) 

Aymar (CEA) 

Bouchard (CEA) 

Come (CNRS) 

Sevin (CNRS) 

Scientific Council 
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O Enderby (Univ. Bri tol) 

Gray (RAL) 

ewport (SERC) 
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"VISITS AND EVENTS 11 IN 1990 

The exchange of documents on 2 April 1990 officializing the scientific membership of Austria between 
Prof. 0 . Hiumair , President of the Austrian Academy of Sciences, left, and Prof. P. Day, Director of the ILL . 

On the occasion of Austria's scientific membership, celebrated on 2 April 1990, 
the Austrian Minister of Science and Research, Dr. E. Busek (fourth from left) visited the ILL. 

On his tour through the ILL he received explanations by Prof. Rauch (A tominstitut, Vienna) abou/ 
!he neu/ron in1e1ferome1er S 18. 
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"VISITS AND EVENTS 11 IN 1990 

The German Secretary of State , Dr. G. Ziller (BMFT) visited the ILL and 1he ESRF on 4 May 1990. /11 !he 
picwre he (left) receives explanations from Prof Haensel, Director General of the ESRF (second from right), 
and Prof Day, Director of !he ILL (right), about the implantalion of the Synchrotron in 1he vicinity of 1he ILL. 

Visil of the British Se/eel Commiltee on Education , Science and the Aris on 21 March 1990. The g11es1s were 
guided through the ILL by Prof P. Day, Director, and Prof P. Armbruster, German Assistant Director. 
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DIRECTOR'S REPORT 

Aconsistent feature of the history of the ILL is its 
capacity to spring surprise . For an establishment of our 
size (a little under 500 staff, normal budget close to 300 
MF) we are a remarkably (though , it must be 

emphasized, nece sarily) complex organization , containing 
numerous strands that have to be woven together for the enterprise 
to be fully successful. First and foremo t, ILL is a powerful engine 
of scientific progress, a forum for the skill and creativity that 
designs and carries out novel experiments across an enormous 
range of topics: my selection of scientific highlights bears ample 
witnes to that. ILL is also a nuclear in tallation, with all that this 
entail in a siduous observance of regulatory condition , exactingly 
high standards of operation and maintenance and, perhaps most 
important, a careful attention to the preoccupations of the local 
population and their representative . Finally, ILL is a kind of 
factory , making science but also hardware and equipment, with a 
certain hierarchical organization and the con ultation and 
negotiating machinery to go with it. The year 1990 aw events of 
some ignificance in all three facets of the Institut 's affair . 

On 2 April we had the pleasure of welcoming our sixth 
participating country when Prof. 0. Hittmair, the President of the 
Au trian Academy of Sciences, signed an agreement with the 
Institut for Austria to become the third Scientific Member. The 
ceremony took place in the presence of Dr. E. Busek, Minister of 
Research and Technology. To make the In titut's facilities more 
widely known among Austrian scienti ts, the Academy of Sciences 
and ILL jointly sponsored a Work hop at Krem /Donau in 
September, at which ILL scientists were joined by ESRF 
colleagues. The occasion was also notable for the number of 
participants who were able to join us from the newly democratic 
Eastern European countries. In that context I hould draw attention 
to the Associates' approval of a proposal that I made earlier in the 
year to institute an Eastern European Visiting Scientists ' 
Programme to enable a small number of younger scientists to spend 
extended periods of 2-3 years working at ILL. The first two 
visitors , from Hungary and Bulgaria , will arrive soon . The 
programme will certainly help to cement tie with the Eastern 
European neutron cattering community and supplement the 
exchange programme with the USSR that has been in operation 
since the mid- l 970's. 

Five-Year Development Programme 

Arguably the most important activity for the long-term future 
of the Institut has been to prepare the documents on the phasing, 
costing and presentation of the Five-Year Programme. This task 
has been carried out in discussion with a "Group of Experts" set up 
by the Steering Committee, who held meeting at ILL in July and 
October. 

Following the sugge tion of the Group of Experts, the 
Programme is being presented in two parts : one concerning 
refurbishment of major items and the other the novel departures. 
A fir t pre entation of the Programme was made to the November 
meeting of the Steering Committee which, while endorsing the 
principle of an eventual Development Programme, et guidelines 
for a new pre entation to be made in 1991. 

It need hardly be said that both taff and management, a well 
as the many representatives of the user community consulted 
during it preparation, regard the introduction of a Modernization 
Programme a of the utmo t importance for the continuing vitality 
of the Institut. In particular, the Scientific Council unanimously 
pas ed a resolution in favour of the propo als at its 
October meeting. 
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Reactor Operation and Experimental Programme 

One of the remarkable surprises that I referred to above 
occurred in January, when an anomaly in the calibration of the 
heavy water flow in the primary cooling circuit was uncovered by 
the Reactor Department in the course of verifying parameters 
needed for a study requested by the Safety Authority. The effect of 
the anomaly was that the flow rate, and hence the power dis ipated 
by the fuel element, had been underestimated by about 10 % since 
the first startup of the reactor. On receiving this information, the 
Head of the Safety Authority ordered the reactor to be shut down 
and caJled for a full report. After much hard work by the Institut, 
the Safety Authority accepted our case and authorized the restart of 
the reactor, which took place on 10 April. 

I want to put on record my warmest thank to the personnel of 
the Reactor Department for their extremely swift and effective 
work on the many complex technical issues raised. Also I want to 
record my appreciation for the forbearance of all the taff at the 
Institut during a difficult period. 

Altogether 62 days of beam-time were lost. However, the 
opportunity was taken to change two beam tube (H8, HIO) which 
had been scheduled for a long shutdown due in October, which 
therefore was not needed. After the restart , we have been permitted to 
operate to the same level of fuel element bum up as before (i.e. with 
reactor cycles of 46 days). Thus in all we ran 4.5 cycle in 1990, 
giving a total of 210 days for the year, compared with 264 in 1989. 

The supply of uranium is sati factory for the time being. 
However, contacts with the US Authorities suggest that it is most 
unlikely that we shall be able to ship spent fuel element for 
reprocessing for the time being. This has two consequence : first, 
arrangements have had to be made to store spent fuel elements at 
Cadarache. Secondly, it will be necessary to envisage an extra 
purchase of uranium in 1991 to compensate for the quantities tied 
up in the unreprocessed pent fuel element . 

In August there was a most unfortunate incident on the small­
angle scattering spectrometer D 17, in which it was found that two 
ILL scientist had spent a brief period in the neutron beam while 
aligning their sample, under the impre ion that the beam hutter 
was closed. The incident was reported to the Safety Authority. 
Fortunately, tests showed that there should be no significant effect 
on the health of those involved. Nevertheless, the incident has led 
us to re-examine several aspects of the induction of ILL personnel 
and external users into the potential hazards of working in radiation 
areas. 

Scientific Highlights 

A usual I want to draw attention to some of the more remark­
able di coveries made at ILL during the year. Such choices are 
always difficult because of the large volume of high quality science 
being conducted and the enormous range of the lnstitut' activities. 
Thus my examples stretch from particle physics to molecular 
biology, by way of solid state physics and electrochemi try. It i 
hard to imagine the Director of any other laboratory in the world 
being faced with such a variety of work to summarize. 

A new apparatus has been put into ervice to render even more 
preci e the measurement of the lifetime of the free neutron. It i 
worth recalling that the value already determined at ILL, combined 
with data on the mass fraction of helium in the primordial universe, 
was sufficient to define the number of particle generations as 2.6 
± 0.3 , even before the fir t experiment at the new LEP accelerator 
at CERN. As such large equipments price themselve further and 
further out of the market for experimental particle physic , 
experiments with neutrons will become more and more important. 
ILL is by far the leading facility in the world for conducting them. 



DIRECTOR 1 S REPORT 

Also in the realm of neutron particle phy ics, the team from the 
Uni vers iti es of Sussex, Harvard , Seattl e and Muni ch, wi th the 
Rutherford Laboratory and ILL, announced their latest estimate of 
the neutron electric dipole moment, an important test of charge­
parity violation. The value publi shed was -(3 ± 5) x 10-26 e cm, 
indicating that at 95 % confidence limits the modulus of the value 
is less than 12 x I o-26 e.cm. 

Dispersion of the phonon-roton exc itation in uperfluid 4He 
was meas ured by a group from Keele, Braunschwe ig and ILL, 
inc lud ing an ILL thes is student, us ing I 6. At the A-point they 
were able to show that the roton lo es its Q,w definiti on. 

Whil e th e mi c rosc opi c mec hani sm o f hi gh T c 
superconductivity remains a question of hot debate, experimental 
data to fuel the debate become more and more subtle and precise. 
With excellent c rys tals containing prec ise ly controll ed oxygen 
conte nt, the CENG group have used D3B to determine the spin 
density di stribution in YBa2Cu3O6.99 above and below Tc. A very 
significant shi ft in spin density occurs, with the moment on the in­
plane copper and oxygen atoms decreasing strongly on pa ing into 
the s upe rconduc tin g ph ase. In the othe r fa mili es of hi gh T c 
s up e rconduct o r furth e r un ex pec ted ins ig ht s cont inu e to 
accumul ate. For example, the TI and Bi copper ox ide systems such 
as Tl2Ba2CaCu2Og have incommensurate structural modulations, 
to investigate which the method currently applied to liquids and 
amorphous material fo r calculat ing the pair distributi on functions 
may be employed. 

T urnin g to s tru c tu ra l c he mi s try, a no ta bl e ad va nce in 
techniques was the first ever determination of the rearrangement in 
the structure of a molecule (the nitro-pru ide ion) on going from 
the ground state to an electronic excited state. Such a change could 
only be observed with neutrons since the excited sta te would be 
transformed by X-ray irradiation. Combining neutron diffraction 
with electrochemistry is a powerfu l means of observing changes in 
the structure of a solid during the cour e of a chemical reacti on. 
When the solid in qu estion is a proton condu ctor fo rm ing the 
pos iti ve e lectrod e o f a dry batte ry , the interes t is more th an 
academic . Leclanche primary batteries have been in use for more 
than a century but the atomic scale mechanism for the reduction of 
MnO2 in alkaline solution is not yet understood, and in particular, 
wh y is th e process irreve rs ible , so that th e batte ry is not 
rechargeable? Using an electrochemical cell specially des igned for 
powder neutron diffrac tion , it ha s been hown that structura l 
de fec ts (de Wolff di so rder) in commerc ial MnO 2 limit th e 
reversibility of the electrochemical proce s because reduction of 
the Mn4+ located in the rutile s labs leads to de truction of the 
lattice into small crystallites of MnOOH and Mn(OH)2. 

Finally, in the realm of chemistry , attention should be drawn to 
important new results on the dynamics of ortho and para-xylene in 
the ZSM-5 zeolite, which throw light on the interaction of the 
hydroca rbon with th e a lumino-s ili cate cage, and he nce th e 
electivity of this important industrial catalyst. The motion of n­

paraffins in the channe ls of urea crystals has also been clarified. 

The volume and variety of neutron cattering work in structural 
molecular biology at ILL is impressive. ln contrast, the exploitation 
of neutron scattering to study the dynamics of biological molecules 
is in it s in fa ncy . A fir s t ana lys is of th e incoherent ine las ti c 
catte ring of ne utrons by the protons in the hydrated globular 

protein myoglobin also shows a remarkable resemblance to that of 
a g lass-formin g liq uid. Thi s important res ult emphas izes the 
importance of density flu ctuations in assisting the di ffusion of 0 2 
through the protein matri x, and its bond ing to the Fe. 

The length of this section of my report , over a period of reactor 
operation that has certain ly not been typical , is testimony to the 
continuing vitalit y and c reati v ity of our user community and 
Institut sc ienti sts. 
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Personnel 

The 1990 round of salary negotiations was a particularly diffic ult 
one. ln pursuit of numerous claim that could not be met by the 
Management, the Unions ca lled a series of short strike during 
April and May that led to three 48-hour shutdowns of the reactor. 
Foll owin g th ese eve nt s , a t the Jun e meeting of the Steering 
Committee, the Management was authorized to negotiate with the 
Unions on the bas is of the alignment of net salaries at ILL with 
those of the CEA. Finally, agreement wa igned with the Union 
on the basis of a 2 % increase in the ILL allowance, and signed at 
the end of June. 

The Health and Safety Delegate, M. Bureau du Colombier, retired 
on I July 1990. I want to pay tribute to his contribution to afety 
matters over the las t four years. 

T wo c ha nges to o k pl ace a mon g th e small g ro up of Se ni o r 
Scienti sts. D. Dubbers returned to Heidelberg on completion of his 
term as Senior Scientist in the fi eld of uclear and Fundamental 
Physics. He is repl aced by J. M. Pendlebury of the Univer ity of 
Sussex, who has had a long association with the neutron electric 
dipole moment experiment. After extensive search in the partner 
co untri es, Dr. J . B. Suck of Karl sruhe was appointed Sen ior 
Scientist in the Time-of- Flight Group. I am most grateful to Dr. A. 
J. Dianoux fo r carrying out the e dutie in the intervening period. 

Two social event marked, in their different ways, important points 
in th e hi s to ry of th e In s titut. A fte r a numbe r of yea rs of 
construction, I felt that the installati ons in the second neutron guide 
ha ll , [LL22, had reac hed a stage of deve lopment where it was 
appropriate to hold an inauguration of the new facility. The event 
also provided an opportunity to make public acknowledgment of 
the parti cul ar contribution to the guide hall by P. Blum , long­
serving and greatly res pec ted eng inee r in the Department of 
Instruments and Methods, by the unvei ling of a small plaque in his 
memory. 

That my Report ends with a section labelled "Personnel" certainly 
should not be taken as indicating the relative importance of such 
matters: in many ways they are the most important. The lnstitut is 
the people who work here and who make it function - scienti ts, 
technicians, administrators, secretaries etc. - on behalf of the wider 
communit y of fri e nd s and colleag ues who flow throu gh o ur 
entrance hall day by day on their way to use our instruments. 1990 
was not the easiest of years for ILL but the pirit of the lnstitut is 
strong as new challenges await. 

My warmest thanks to all. 

It turns out that this i the last annual report I shall write as Director 
of ILL, having decided to accept an offer of the post of Director of 
the Royal Institution of Great Britain whi ch has fallen vacant 
unexpected ly . Th e deci s ion to leave such an excellent 
establishment as ILL was not easy but the opportunity to lead the 
oldest and most distingui shed laboratory in Britain is a unique one. 
The ILL faces many challenges in the coming years but I have 
absolutely no doubt at a ll that it will continue from strength to 
strength and that its pi votal position in neutron cience will be 
maintained. I wi sh my successor and all the staff of the [nstitut the 
very best fo r the fu ture. 

The end of the year was marked with great sadness in the 
lnstitut by the udden death of our much valued and respected 
colleague John Kirby. Originally in the ubmarine service of 
the Royal Navy, one time reactor shJft leader (and also part-time 
Father Christmas) , in recent year his work in the Experimental 
Halls brought him into contact with many taff and visitors who 
greatly valued his helpfulness and commitment. 

P. Day 



BERICHT DES 

Es ist bezeichnend fUr die Geschichte des ILL, dass es immer 
wieder Oberraschungen gibt. FUr eine Einrichtung unserer 
Grosse (ein wenig unter 500 Mitarbeiter, Normalbudget von 
fa t 300 MF) si nd wir notwendigerweise - man muss es 

betonen - eine recht komplexe Elnrichtung, in der vielfaltige 
BemUhungen zusammenwirken mUssen, damit das Unternehmen zu 
einem vollen Erfolg wird. Da LLL ist zuerst und hauptsiichlich eine 
treibende Kraft des wissenschaftlichen Fort chritts, ein Forum fUr die 
Geschicklichkeit und Kreativitiit , die beim Entwurf und der 
Durchftihrung neu artiger Experimente untersc hiedlich ster 
Themenkreise erforderlich sind: meine Auswahl der wissenschaftlichen 
Hohepunkte zeigt die in deutlicher Wei se. Ferner i t das ILL eine 
nukleare Einrichtung mit all dem, was die an gewissenhafter 
Einhaltung der Si cherheitsvorschriften, hoher Betriebs- und 
Wartun gsnormen und - vie ll eicht am wichtigsten - orgfiiltiger 
Aufmerksamkeit gegenUber den Sorgen der Bevolkerung und ihrer 
Yertreter bedeutet. Sch li essl ich i st das ILL ni ch t nur ein 
Forschungszentrum , so ndern auch ei ne Produktionsstiitte ftir 
AusrUstungen und Geriite, mit einer eigenen Organisation und dem 
entsprechenden Beratungs- und Yerwaltungsapparat. Das Jahr 1990 
brachte Ereignisse, die fUr alle drei Aspekte des lnstitut betriebs von 
Bedeutung waren. 

Am 2. April hatten wir das Vergnligen, da sechste Mitgliedsland 
zu beg rU ssen. An diesem Tag unterzeichnete Herr Professor 0. 
Hittmair, Priisident der bsterreichischen Akademie der Wissenschaften, 
eine Vereinbarung mit dem ILL gemiiss derer bsterreich das dritte 
Wissenschaftliche Mitglied wurde. Die Feierlichkeiten fanden im 
Beisein von Dr. E. Busek, Bundesminister ftir Wi ssenschaft und 
Forschung, stan. Um die Einrichtungen des lnstituts einem grosseren 
Kreis junger osterreichischer Wissenschaftler bekannt zu machen. 
organisierten die Adademie ftir Wissenschaften und das ILL im 
September einen Workshop in Krems/Donau, an dem auch ILL­
Wissenschaftler und ihre ESRF-Kollegen teilnahmen. Es war eine 
bemerkenswerte Yeranstaltung, insbesondere auch im Hinblick auf die 
vielen Teilnehmer aus den jungen Demokratien Osteuropas. In diesem 
Zusammenhang mochte ich darauf hinweisen, dass die Gesellschafter 
einen von mir zu Beginn des Jahres vorgelegten Yorschlag zu einem 
Besuchsprogramm fUr o teuropiiische Wissenschaftler billigten, das es 
einigen jungen Forschern ermoglichen oil, Uber einen l iingeren 
Zeitraum von 2-3 Jahren am ILL zu arbeiten. Die ersten beiden 
Besucher aus Ungarn und Bulgarien werden bald mit ihrer Arbeit am 
lnstitut beginnen. Das Besuch programm wird sicher dazu beitragen, 
die Beziehungen zur osteuropiii chen Gemeinde der Neutronenforscher 
zu festigen und das mit der Sowjetunion seit Mine der iebziger Jahre 
bestehende Austauschprogramm zu ergiinzen. 

Fiinfjiihriges Entwicklungsprogramm 

Die wichtigste Arbeit ftir die langfristige Zukunft des lnstituts 
be tand woh l darin , die Unterlagen ftir den Zeitplan, die 
Kostenberechnung und die Darstellung des ftinfjiihrigen 
Entwicklungsprogramms vorzubereiten. Diese Aufgabe wurde in 
Abs timmung mit der vom Lenkungsausschuss eingesetzten 
Expertengruppe ausgefUhrt. 

Dern Yorschlag dieser Expertengruppe folgend, wird das 
Programm in zwei Teilen vorgestellt: Der eine betrifft die Emeuerung 
wichtiger vorhandener Einrichtungen, der andere die neuen Vorhaben. 
Ein erster Vorschlag ftir dieses Programm wurde in der ovember­
Sitzung des Lenkung ausschu ses vorgelegt, der zwar das Prinzip eines 
Entwicklungsprogramms beftirwortete, jedoch auf einer Vorlage eines 
Uberarbeiteten Programms bei der niichsten Sitzung im Jahr I 991 
bestand. 

Es muss kaum betont werden, dass sowohl die Mitarbeiter, als auch 
die Direktion und die vielen Yertreter der wiihrend der Vorbereitung 
konsultierten Reak torbenut zer die DurchfUhrun g eines 
Modernisierungsprogramms als wesentliche Voraussetzung dafor 
an ehen, die Yitalitiit des lnstituts auch in Zukunft zu erhalten . Es ist 
hervorzuheben, dass der Wi senschaftliche Rat auf seiner Oktober­
Sitzung einstimmig eine Resolution zugunsten der unterbrei teten 
Vorschliige verfasste. 
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Reaktorbetrieb und Experimentierprogramm 

Zu den erwiihnten Oberraschungen ziihlte die Entdeckung einer 
Anomalie in der Eichung des Schwerwasserflu ses im Primiirkreislauf 
durch die Reaktorabteilung im Januar dieses Jahres, an liisslich der 
OberprUfung bestimmter Parameter ftir eine von den 
Sicherheitsbehorden angeforderten Studie. Als Folge der Anomalie war 
der Durchfluss und damit die Leistung des Reaktors, sei t seiner ersten 
lnbetriebnahme um ungefii.hr I 0% unterschiitzt worden. Nach Erhall 
dieser Information veranlasste die Sicherheitsbehorde eine Abschaltung 
des Reak tors und forderte eine ausftihrliche Stellungnahme. Nach 
ein ge hender Darlegung durch das ln stitut , akzeptierte die 
Sicherheit behorde un sere Argumentation und genehmigte das 
Wiederanfahren am 10. April. 

Jch mochte dem Personal der Reaktorabteilung ftir seine iiusserst 
schne lle und wirksame Arbeit bei der Bewiiltigung der vielen 
komplexen technischen Detai ls danken. Weiterhin mochte ich alien 
Mitarbeitern meine Anerkennung ftir ihren Einsatz wiihrend dieser 
schwierigen Phase aussprechen. 

Lnsgesamt gingen 62 Tage Strahlzeit verloren. Es wurde jedoch die 
Gelegenheit genutzt, zwei Strahlkaniile (H8, H 10) auszuwechseln, 
deren Austausch ursprUnglich wiihrend eines langen Reaktorsti llstands 
im Oktober gepl ant war. Nach dem Wiederanfahren wurde die 
Genehmigung erteilt, die Brennelemente bis zum gleichen Abbrand wie 
vorher auszunutzen (d.h. mit Reaktorzyklen von 46 Tagen). Auf diese 
Weise wurden im Jahre 1990 4,5 Zyklen mit einer Gesamtzahl von 2 10 
Tagen durchgeftihrt, verglichen mit 264 Tagen im Jahre 1989. 

Die Uranver orgung des ILL ist zur Zeit zufriedenstellend. Nach 
Kontakten mit den amerikan ischen Behorden ist es jedoch hochst 
unwahrscheinlich , dass wir in absehbare r Zeit abgebrann te 
Brennelemente zur Wiederaufarbeitung verschiffen konnen. Dies hat 
zwei Folgen: Ersten s mussten Yorkehrungen zur Lagerung der 
abgebrannten Brennelemente in Cadarache getroffen werden; zweitens 
wird es notwendig sein, durch einen zusiitzlichen K auf von Uran im 
Jahre 1991 die in den nicht wiederaufgearbeiteten, abgebrannten 
Brennelementen enthaltenen Uranmengen auszugleichen. 

Im Augu t ereignete sich am Kleinwinkelstreuspektrometer D 17 
ein sehr bedauerlicher Zwischenfall , bei dem, in der Annahme, dass der 
Strahlverschluss geschlossen sei, zwe i ILL-Wi ssenscha ftler beim 
Ausrichten ihrer Probe kurzzeitig einer Bestrahlung ausgesetzt wurden. 
Der Vorfall wurde der Sicherheitsbehorde mitgeteilt. GIUcklicherweise 
zeigten Te ts, dass dieser keine wesentlichen Auswirkungen auf die 
Gesundheit der Betei ligten hatte. Dennoch hat uns dieses Ereignis 
veran lasst , die verschiedenen Aspekte der Inform ation des ILL­
Personals und der auswiirtigen Besucher Uber die potentiellen Gefahren 
von Arbeiten in Strahlungsbereichen zu Uberprtifen. 

Wissenschaftliche Htihepunkte 

Wie Uhlich mochte ich auf einige bemerkenswerte Entdeckungen 
am ILL wahrend des Jahres aufmerksam machen. Aufgrund der 
Vielfalt an wissenschaftlichen Arbeiten sehr hoher Qualitiil und des 
breiten Umfangs der Aktivitiiten de ILL ist die Auswahl dieser 
Ergebnisse immer schwierig. Daher gehen meine Beispiele von der 
Teilchenphysik Uber die Festkorperphysik und die Elektrochemie bis 
zur Molekularbiologie. E wird wohl kaum ei n Direktor irgendeines 
anderen Labor auf der Welt damit konfrontiert , eine solche Vielfalt 
von Arbeiten zusammenzufassen. 

Zur Erhohung der Priizision bei der Me sung der Lebensdauer des 
freien eutrons wurde ein neues Geriit eingesetzt. Bekanntl ich hat es 
der am ILL bestimmte Wert der Lebensdauer - verbunden mit Angaben 
Uber den Heliumanteil an der Zusammensetzung der Elemente im 
Kosmo - erlaubt, die Zahl der Teilchengenerationen auf 2,6 ± 0,3 
einzugrenzen. Die e Aussage bestand vor den ersten Experimenten am 
neuen LEP- Beschleuniger am CERN. Da derartige gro se 
AusrUstungen immer unerschwing li cher ftir die experimentelle 
Teilchenphy ik werden , wiichst das lnteresse an Versuchen mit 
Neutronen. Das ILL ist das flihrend e ln stitut auf diesem 
Forschungsgebiet. 



BERICHT DES 

Ebenso im Bereich der Elementartei lchenphysik veroffentlichte das 
Team der Uni versit ii ten Sussex, Harvard, Seattle und MUnchen mit 
dem Rutherford Appleton Laboratory und dem ILL ihren neuesten 
Grenzwert ftir das elektri sche D ipolmoment des Neutrons, ein sehr 
bedeut ende r Tes t ftir di e V erl et zu ng der L adun gs- und 
Paritiitssymmetrie. Der veroffentlichte Wert betrug -(3±5) x 10-26 e 
cm, was heisst, <lass der Wert zu 95 % Wahrscheinlichkeit kleiner als 
12 x I o-26 e.cm ist. 

Die Dispersion der Phonon -Roton -Anregung in supraf!Uss igem 
4He w urde von einer Gruppe aus Keele, Braunschweig und ILL am 
fN6 gemessen. Sie konnten zeigen, <lass die Rotonen am A-Punkt im 
Q,w-Raum vollig unscharf werden. 

W ah r end di e mik ros k opi sc he Deutun g der 
Hochtemperatursupraleitung weiterhin ein intensiver Diskussionspunkt 
i st , w erd en di e ex perim entell en Oaten zur Belebun g di ese r 
w i sse nsc haftli chen Debatt e immer Fe in er und praz i se r. Mit 
her vorragend en Kri stall en, di e ein en praz i se kontrolli erten 
Sauerstoffgehal t haben, hat die CENG-Gruppe das Diffraktometer D3B 
benutzt, um die M agneti sierungsdichteve_rteilung in YB a2Cu3O6.99 
Uber- und unterhalb Tc festzu legen. Beim Ubergang zur supralei tenden 
Phase wurde eine starke A nderung des magnetischen Moments der 
Kupfer- und Sauerstoffatome i n den Kupfer-S auerstoff-Ebenen 
beobachtet. In den anderen Familien der Hochtemperatursupra leiter 
wurden weitere unerwartete Einblicke gewonnen. Zurn Beispiel haben 
d ie T I und Bi Kup ferox id sys teme w ie Tl 2 Ba2CaC u2O s 
inkommensurable Strukturmodulationen, zu deren Untersuchung die 
Methoden benUtzt werden konnen, die Ublicherweise bei f!Ussigen und 
amorphen Materi alien zu r Berechnung der Paarverteilungsfunktionen 
("pair distribution functions" - PDF) angewandt werden. 

In der Strukturchemie gab es mit der allerersten Bestimmung der 
Anderung der M olekUlstruktur des Nitropruss id-l ons beim Obergang 
vom Grundzustand zu einem elektronisch angeregten Zustand einen 
wichti gen Fortschr itt bei den Messmethoden. Eine so lche Anderung 
konnte nur mit Neutronen beobachtet werden, da der angeregte Zustand 
<lurch Rontgenbestrah lung zerstort wUrde. 

Die Kombination von Neutronendiffrak tion und Elektrochemie ist 
eine sehr wirksame Methode zur Beobachtung von Strukturanderungen 
im Festkorper wii.hrend einer chemischen Reaktion. Wenn der j eweilige 
Fes tk orper ein Pro tonenlei te r ist, der die pos itive Elektrode einer 
Troc k enbatt eri e b ildet , so geht das l nteresse Uber den rein 
akademischen Bereich hinaus. Obwohl Leclanche-Prim tirbatterien sei 
Uber einem Jahrhundert gebraucht werden, konnte das mikroskopische 
Yerstii.ndnis der Reduzierung von Mn02 in A lkaJ ilosungen noch nicht 
erk l tirt werden. W arum ist insbesondere der Prozess irreversibel, so 
<lass die Batterie nicht wieder aufladbar ist? Unter Anwendung einer 
spezie ll ftir di e Pul ve rn eut ro nend i ffrak ti on entw ick elten 
elektrochemischen Zelle wurde verdeutlicht, <l ass Strukturdefekte (de 
Wolff-Unordnung) im kommerziellen MnO2 die Reversibilitiit des 
elektrochemischen Prozesses einschrii.nken. Es ist die Reduzierung des 
in den Titandioxidplatten angeordneten Mn4+, die die Zerstorung des 
Gitters in kleine Kristallite von MnOOH und Mn(OH)z verursacht. 

Im Bereich der Chemie sollte auf die wichtigen neuen Ergebnisse Uber 
die Dynamik von Ortho- und Para-Xylen in ZSM-5-Zeolit aufmerksam 
gemacht werden, die die Wechselwirkung des Hydrokohlenstoffs mit dem 
A lumin iumsi li ka t-GerU st und somit die Se lektiv itat dieses wichtigen 
industriellen Kataly ators erkl iiren. Die Bewegung von n-Paraffinen in den 
Kanalen von Urea-Kristallen wurde ebenso erkliirt . 

Der Umfang und die Y iel fa lt der Neut ronenstreuung auf dem 
Gebi et der m o lekularbi o l og i sc hen Stru k turen am ILL sind 
eindru cksvo ll. D agegen befind et si ch di e Nutzu ng der 
Neut ronenstreuung zur Untersuchu ng der Dynami k b iolog ischer 
MolekUle in den K inderschuhen. Eine erste Analyse der inkohiirenten 
inel as ti sc hen Streuun g von Neutronen <l urch Pro tonen im 
wasserhalt igen Protein Myog lobin zeigt ei ne bemerkenswerte 
Ahnlichkeit mi t einer glasbi ldenden Fl iissigkeit. Hierm it wird gezeigt, 
w ie d i e Diffu sion des 02 an das Fe <lurch Dichteflu k tu ati onen 
unterstti tzt wi rd. 

Die Lange d ieses Tei l s me ines Ber ichts, der eine obendre in 
unty pi sc he Betr iebs peri ode des Reak tors abdeck t , bewe i st di e 
anhaltende Y italitat und Kreativi tti t unserer Nutzergemeinde und der 
Inst ituts-W issenschaftler. 
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Personalfragen 

Die Gehaltsve rh andlungen wa ren im Jahre 1990 besonders 
schwierig. Im Zusammenhang mit verschiedenen von der Direktion 
unerflillbaren Forderungen, riefen die Gewerkschaften im A pril und 
M ai zu mehreren kurzen St reiks auf, was zu einer dre im ali gen 
Einstellung des Reaktorbetriebs von 48 Stunden ftihrte. In der Juni­
Sitzung des Lenkungsausschusses wurde die Direkt ion schliesslich 
ermii.chti g t , mit den Gew erk sc haften auf der Grundlage ein er 
Anpassung der ILL-Nettogehii lter an die CEA-Gehiilter zu verhandeln. 
Schliess lich w urde Ende Juni eine Y ereinbarun g mi t den 
Gewerkschaften unterzeichnet, in der die ILL-Pramie um 2% erhoht 
wurde. 

Der Beauftragte for Fragen des Strahlenschutzes, der Gesundheit 
und Sicherheit, Herr Bureau du Colombier, trat am I. Juli 1990 in den 
Ruhestand. lch mochte ihm meine Anerkennung ftir se inen wahrend 
der letzten vier Jahre ge leisteten Beit rag zu alien Sicherheitsfragen 
aussprechen. 

In der k l ei nen Grupp e de r Se ni or Sc ienti sts gab es zwe i 
Yeriinderungen: Herr D. Dubbers kehrte nach Ablauf seiner Amtszeit 
als Senior Scientist auf dem Gebiet der Kern- und Grundlagenphysik 
nach Heidelberg zurlick. Sein Nachfolger ist Herr J.M. Pendlebury von 
der Uni ve rsitat Sussex, der lange Ze i t m i t dem Ex perim ent zu r 
Bestimmung des elektri schen Dipolmoments des Neutrons verbunden 
war. Nach langerer Suche in den Partnerl ii.ndern wurde Herr Dr. J.B. 
Suck aus K arl sruhe zum Senior Sc ientis t in der FLugze it-Gru ppe 
ernannt. Ich bin Herrn Dr. A.J . Dianoux fli r die vertretungswe ise 
Wahrnehmung dieser Aufgabe in der Zw ischenzeit sehr dankbar. 

Zwei weitere Ereignisse markierten auf ihre A rt wichtige Phasen in 
der Gesc hi chte des ILL. A nges i cht s des fortgesc hrittenen 
Entw ick lun gss tandes der ln strum ente in der zwe iten 
Neutronenleiterhalle, hielt ich eine Einwe ihung der neuen Halle flir 
angebracht. Bei dieser Gelegenheit konnte auch der besondere Beitrag 
von Herrn P. Blum , dem langjiihri gen Mitarbeiter und all se it s 
anerkannten lngenieur der Abteilung lnstrumente und Methoden, <lurch 
die EnthUllung einer Gedenktafel geehrt werden. 

Dass mein Bericht mit dem Abschnitt " Personalfragen" endet, soil 
nicht bedeuten, dass dieser am Ende der Wichtigkeitsskale sttinde: In 
vieler Hinsicht ist er sogar am wichtigsten . Das lnstitut bes teht aus 
Menschen, - Wissenschaftlern , Technikern, Yerwaltungsangestellten, 
Sekretii.r innen usw. - die einer grosseren Gemeinschaft von Freunden 
und K ollegen dienen, die tagtag lich auf ihrem Weg zu unse ren 
lnstrumenten durch unsere Eingangshalle stromen. 1990 war kein 
ein faches Jahr ftir das ILL. Der Geist des lnstituts j edoch ist stark 
genug, um es mit neuen Herausforderungen aufzunehmen. 

A llen meinen herzlichsten Dank. 

Es hat sich ergeben, <l ass dies mein letzter Jahresberi cht al s 
Direktor des lLL ist, denn ich habe mich entschlossen, die Stelle des 
D irektors der Royal Institution of Great Britain anzutreten, welche 
unerwarteterweise fre igeworden war. Die Entscheidung, ein derart 
hervorragendes Forschungszentrum wie das ILL zu v~rlassen, ist mir 
nicht leicht gefa llen; die Gelegenheit j edoch zur Ubern ahme der 
Leitung des altesten und renommiertesten britischen Forschungslabors 
ist einmalig. Das ILL w ird sich in den kommenden Jahren vielen 
Herausforderungen gegenUbersehen; ich habe aber Uberhaupt keinen 
Zwe ifel da ran, dass es an B edeutun g zu nehm en und se ine 
Schllisselro lle in der Neutronenforschung behaupten wird. lch wlinsche 
meinem Nachfolger und der gesamten Belegschaft des Institutes das 
A llerbeste flir die Zukunft. 

Das Ende des Jahres wurde im lnstitut von der traurigen Nachricht 
des plotzlichen Todes unseres sehr geschiitzten und respektierten 
Kollegen, John Kirby, iiberschattet. Er hatte seine Karriere irn U-Boot­
Dienst der Royal Navy begonnen und war dann irn ILL fiir eine gewisse 
Zeit aJs Leiter des Reaktorschichtdienstes tiitig. In den letzten Jahren 
hatte er durch seine Arbeit in der Experimentenhalle Kontakte mit 
vielen Mitarbeitem und Besuchem, die seine Hilfsbereitschaft und sein 
Engagement sehr schiitzten. 

P. Day 
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U ne tendance stable de l'histoire de !'ILL est sa capacite a 
nous surprendre. Pour un institut de cette taille (un peu 
moin de 500 per onne , un budget normal de pres de 
300 MF), nous sommes une organisation etonnamment 

(mais, oulignon -le, neces airement) complexe, comprenant de 
nombreux fils qui doivent etre ti e pour que l'entreprise reussisse 
pleinement. D 'abord et avant tout, I ' ILL est un outil performant 
pour le progres scientifique, un point de rencontre pour le talent et 
la creati vite permettant de concevoir et mettre en place de 
experiences originales parmi une va te gamme de sujets : ma 
selection en ce qui conceme les evenement scientifique majeurs 
en temoigne. L ' ILL est egalement une instalJation nucleaire avec 
tout ce que cela comporte comme respect strict des reglement , des 
niveaux exigeant de fonctionnement et de maintenance et, peut­
etre ce qui est le plu important, une attention particuliere aux 
preoccupation de la population avoisinante et de leurs el us. 
Finalement I 'ILL est une sorte d'u ine fabriquant non seulement de 
la science mais egaJement du materiel et des installations, avec une 
certaine organisation hierarchique des organes de consultation et de 
negociation y afferents. L 'annee 1990 a ete temoin d'evenements 
de grande importance dans chacune des trois facettes de la vie de 
l ' lnstitut. 

Le 2 avril nou avons eu le plaisir d'accueillir notre six ieme 
pays partenai re lorsque le Professeur 0. Hittmair, President de 
I ' Academie de Sciences d 'Autriche, a signe un accord avec 
l'lnstitut pour que l'Autriche dev ienne le troi sieme Membre 
Scientifique. La ceremonie a eu lieu en presence du Dr. E. Bu ek. 
Ministre de la Recherche et de la Technologie. Pour permettre aux 
cientifiques autrichiens de mieux connaltre les moyens existant a 

l ' lnstitut , l ' Academie des Sciences et l ' ILL ont parraine un 
"workshop" ii Krems/Danube en septembre, auquel participaient les 
sc ientifiques de !'ILL ainsi que leurs co llegue de l 'ESRF. Cet 
evenement a egalement ete marque par le nombre de participants en 
provenance de nouvelles democraties de !'Europe orientale, qui ont 
pu se joindre ii nous. Dans ce contexte, j'aimerais attirer !'attention 
sur ! 'approbation des Assoc ies d ' une proposition que j'ai emise 
vers le debut de l 'annee pour etablir un Programme de Chercheurs 
In v ites de ! 'Europe de ! 'Es t perm ettant ii quelques j eunes 
sc ientifiques de travailler sur une periode de deux ii trois ans a 
!'ILL. Le deux premiers chercheurs invites en provenance de 
Hongrie et de Bulgarie vont done bient6t arriver. II est certain que 
le programme contribuera ii renforcer les liens avec la communaute 
de diffusion neutronique et completera le programme des echanges 
avec 1 'URSS qui est en place depuis le milieu des annees 70. 

Plan de Developpement Quinquennal 

L 'activi te la plus importante en ce qui concerne l 'avenir ii long 
terme de l 'lnstitut a certainement ete la preparation des documents 
sur le planning, le coGt et l a presentation du Pl an de 
Developpement Quinquennal. Ce travail s'est realise en discussion 
avec un Groupe d'Experts cree par le Comite de Direction qui a 
tenu de reunions ii !'ILL en juillet et en octobre. 

Suivant la sugge tion du Groupe d 'Expert , le Plan peut se 
presenter en deux parties: I ' une concernant l 'amenagement des 
equipements importants, l 'autre concemant les nouveaux objectifs. 
Une premiere presentation du Programme a ete faite ii la reunion du 
Comite de Direction du moi de novembre qui. reaffirmant le 
principe d'un Programme de D eveloppement, a defini des 
directives pour soumettre une nouvelle presentation en 1991. 

ul besoin de dire qu 'ii la fois le per onnel et la Direction, 
aussi bien que les nombreux representants de la communaute 
d' utilisateurs contac tes pendant a preparation, considerent 
extremement important !'introduction d'un Programme de 
Modernisation 

pour la vie fu ture de I' lnstitut . En particulier, a sa reunion 
d'octobre, le Conseil Scientifique a unanimement approuve une 
resolution en faveur de propo itions. 
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Fonctionnement du Reacteur et Programme 
Experimental 

L ' une des urprises majeure evoquees ci-dessu a ete la 
decouverte par le Departement Reacteur, en janvier, d'une 
anomalie dans l'etaJonnage du debit d 'eau lourde dan le circuit 
principal de refroidissement, lor de la verificati on de certains 
parametres necessaires pour une etude demandee par le SCSIN. Le 
re ultat de cette anomalie a ete que le debit, et de ce fa it la 
puis ance di ipee par !'element combu tible, a ete ou -estimee 
d'environ 10 % depui le premier demarrage du reacteur. A la 
reception de cette information le Chef du SCSI a ordonne I 'arret 
du reacteur et exige un rapport technique complet. Apres un travail 
ardu effectue par I 'ln titut, le SCSIN a con idere po itivement notre 
cas et autorise le redemarrage du reacteur qui a eu lieu le 10 avril. 

J'aimerai adresser tous mes remerciement aux agents du 
Departement Reacteur, pour leur travail rapide et concluant devant 
l a complexite des probleme technique abordes. J'aimerai 
egalement dire que j'ai apprecie la patience de tout le personnel de 
l ' lnstitut pendant cette periode difficile 

De ce fait, 62 jour de temps de me ure ont ete perdu . 
Cependant on en a profile pour remplacer deux canaux (H8, HI 0), 
ce qui avait ete programme pour un grand arret prevu en octobre et 
qui ne s'est done pas avere nece saire. Apres le redemarrage nous 
avons ete autori e ii fonctionner au meme niveau de combustion 
des element. combustibl e qu 'auparavant (c ·e t-ii-dire avec de 
cycles de 46 jours). Ain i nou avon pu fonctionner avec 
4,5 cyc les en 1990, ce qui a donne un total de 2 10 jours pour 
l'annee, par rapport aux 2 14 jours pour 1989. 

L a fourni ture d ' uranium est sa ti faisantc pour le moment. 
Cependant, apre contacts pri avec le Etats-Unis, ii para1t tres peu 
probable que nous pui ss ions envoyer les elements combustibles 
brGles pour le retraitement avant un certain temps. Cela comporte 
deux consequences: d'abord des arrangement ont dG etre faits pour 
le stockage a Cadarache des elements combustibles consommes ; 
ensuite, ii sera necessaire d'envisager un achat supplementaire 
d uranium en 1991 pour compen er le quantiles non disponibles 
dans les elements combustibles consommes et non retraites. 

En aoGt un incident tres regrettable s'es t produit sur le 
spectrometre D 17 de diffusion ii petit angles, au cours duquel deux 
scientifiques ILL ont passe un temps assez court dans le fa isceau de 
neu trons pendant qu'ils alignaient leur echantillon , pen ant 
l'obturateur du fa isceau ferme. L ' incident a ete signale aux autorite 
de la sGrete. Heureusement les tests ont montre qu'il n'y aurait pas 
de repercussion significat ive sur la sante de personnes concernees. 
Neanmoin . !'incident nou a conduits ii reexaminer divers aspects 
du travail en zone de rayonnemen t pour le personnel ILL et les 
utilisateur exterieurs, avec les ri sques potentiels que celii comporte. 

Evenements Scientifiques Majeurs 

Comme d'habitude j'aimerais att irer ! 'attention ur quelques 
travaux importants effectues du rant I 'annee ii I' ILL. Ce genre de 
election est toujour difficile ii faire vu le nombre important 

d'experience de haute qualite scientifique realisees ain i que lava te 
gamme des activ ites de I ' lnstitut. Mes exemple vont done de la 
physique des particules ii la biologie moleculaire, en passant par la 
physique de l 'etat solide et l 'electrochimie. II est difficile d'imaginer 
le Directeur d'un autre laboratoire ailleur dan le monde confronte ii 
une telle variete de travaux ii resumer. 

Un nouvel appareil a ete mis en ervice pour augmenter la 
precision de la mesure de la duree de vie du neutron ljbre. II e t utile 
de rappeler que la valeur deja determinee a I' lLL, associee aux 
donnee sur la fraction de mas e d ' helium dans l'univer primordial, 
avait permi de definir le nombre de families de particules comme 
2.6 ± 0.3 avant meme le premieres experiences effectuees au CERN 
sur le nouvel accelerateur LEP. Pui que de telle grandes installation 
sont de plus en plus coGteu es pour la physique experimentale de 
particules. les experiences avec les neutrons seront de plus en plus 
importante . L' ILL est de loin , dans le monde, I 'organisme en 
meilleure position pour les realiser. 
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Dans le domaine egalement de la physique du neutron, l'equipe 
des universites de Sussex, Harvard, Seattle, Munich, du laboratoire de 
Rutherford et de l' ILL, a annonce sa demiere estimation du moment 
dipolaire electrique du neutron, test important de la violation de parite 
de la charge. La valeur publiee est de - (3±5)x I o-26 e.cm, ce qui 
indique qu 'a 95 % des limites de confiance le module de la valeur est 
inferieur a I 2 x 10-26 e.cm. 

En physique de la matiere conden ee, la courbe de dispersion 
(Q, w) de I ' excitation phonons-rotons dans 4He superfluide a ete 
mesuree sur IN6 par un groupe de Keele, Brunswick et I 'ILL, avec un 
boursier de these de I ' ILL. Ils ont pu montrer que cette courbe se 
transforme en une zone di ffuse au point A. 

Le mecanisme microscopique de la supraconducti vite de haute Tc 
reste toujours un point tres debattu , mais les donnees experimentales 
se precisent de plus en plus. Avec d'excellents cristaux d'une teneur 
en oxygene controlee de maniere prec ise, le groupe du CENG a 
utili se D3B pour determiner la distribution de densites de spin dans 
YBa2Cu3O6.99 au-dessus et au-dessous de Tc. Cette densite varie de 
fa1,;on importante en passant en phase supraconductrice, le moment 
ma gne tiqu e dan s le pl a n des atomes de c uivre e t d ' oxyge ne 
decroissant fortement. Dans les autres families de supraconducteurs a 
haut Tc, on continue d ' obtenir un fl ot de resultats inattendus. Par 
exemple, les structures des systemes d 'oxyde de cuivre TI et Bi tels 
que Tl2Ba2CaCu2Os presentent des modulations incommensurables 
qui pe uvent e tre obse rv ees a ! ' aide de me thodes habituell es 
appliquees aux liquides et aux materiaux amorphes pour calculer les 
fonction s de distribution de paires. 

Si nous nous tournon s vers la chimie structurale, un grand 
progres dans les techniques a ete la toute premiere determination du 
rearrangement de la structure d ' une molecu le en partant de l'etat 
fondamental vers un etat electronique excite. Un tel changement ne 
peut etre observe qu 'avec des neutrons pui sque l'etat excite aurait ete 
transforme par irradiation aux rayons X. L 'association de la diffusion 
de neutrons avec l'electrochimie est un moyen puissant pour observer 
les transformations qui se produisent dans la structure d 'un solide 
pendant le deroulement d 'une reaction chimique. Lorsque le solide en 
question est un conducteur protonique fom,ant I 'electrode positive 
d ' une pile primaire, I ' interet es t plus qu ' academique. Les piles 
Leclanche sont utilisees depuis plus d 'un siecle mais le mecanisme a 
1 ' eche lle atomique de la redu c tion en mili eu a lca lin de le ur 
constituant essenti e l (MnO2) n 'a pas encore e te compri s ; e n 
parti c ulier , on ne sa it toujours pas pourquoi le process us es t 
irreversible, ce qui fa it que la pile n'est pas rechargeable. En utilisant 
une ce llul e e lec trochimique specia leme nt con struite pour la 
diffraction de neutrons, on a pu montrer que les defauts de structure 
(desordre de Wol ff) sont a l'ori gine de la non reversibilite de la 
reaction electrochimique : la reduction du Mn4+ situe dans les blocs 
rutile conduit a la destruction du reseau en petits cri stallites de 
MnOOH et Mn(OH)i. 

Toujours dans le domaine de la chimie, il faut attirer !'attention 
sur d ' importants resultats concemant la dynamique de l'ortho et para­
xylene dans le zeolite ZSM-5 qui met en ev idence !'interaction de 
l ' hydrocarbone avec la cage de s ilicate d 'alumin ium , et done la 
selectiv ite de cet important catalyseur indu triel. Le mouvement des 
parafines dans les canaux des cristaux d' uree a egalement ete precise. 

La quantile et la variete des travaux de di ffu ion de neutrons pour 
dec rire les s tru c tures de mo lec ul es bi olog iques a l ' ILL sont 
impres ionn antes. Par co ntre l ' e tude de la dynamique de ces 
structure par di ffusion neutronique en est a ses premiers pas. Une 
premiere analyse de la di ffusion inelastique incoherente des neutrons 
par Jes protons dans la proteine globulaire de la myoglobine hydratee 
mont re ega lement une res e mbl ance remarquable avec ce lle du 
liquide a l'approche d 'une transition vitreuse. Cet importan t re ultat 
soul igne I ' import ance des fl uc tu ations de densite en a idant la 
diffusion de 0 2 par l' intermediaire de la matrice de la proteine, pour 
etre liee a Fe. 

La longueur de cette partie de mon rapport sur une periode de 
fonctionnement du reacteur qui n 'a certai nement pa ete typique, 
te moig ne d ' un e vita lit e et crea t ivite perma nen tes de notre 
communaute d ' utili sateurs et de scientifiques de l' lnstitut. 
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Personnel 

La succe sion des negociations concemant les sa laires en 1990 
a ete pa rt ic ul iere men t diff ici le. Ap res de nombreuses 
revend ica ti o ns a uxqu e ll es la Direc ti o n n ' a pu re pondre, les 
syndicats ont appele le per onnel a faire en avril et mai , une serie 
de greves courtes qui ont conduit a tro is arrets de 48 heures du 
reacteur. Suite a ces evenements, le Comite de Direction du mois 
de juin, a autorise la Direction a negocier avec les syndicats, dans 
le cadre de fini par la Convention d ' Entrepri se, ur la base de 
l 'a li g nement des sa laires ne ts de ! ' ILL avec ce ux du CEA . 
Finalement un accord a ete signe fin juin avec les representants des 
syndicats sur la base d ' une augmentation de 2 % de la prime ILL. 

Le Delegue au Domaine Securite-Protecti on-Sante, M. Bureau 
du Colom bier, a pri s sa retra ite le l er juillet 1990 . J' aimerais lui 
rendre hommage po ur sa contributi on dans le domaine de la 
securite pendant ce quatre demieres annees. 

De ux changements sont intervenus dans le petit groupe des 
Senior Scientists. M. Dubbers est reparti a Heidelberg au terme de 
son mandat de Seni or Scienti st dans le domaine de la Phys ique 
Nucleaire et Fondarnentale. ll est remplace par J.M. Pendlebury, de 
I' Uni versite de Sussex, qui travaill e depui s longtemps sur les 
mesures du moment dipol aire electrique du neutron . Apres une 
reche rc he e te ndu e dan s le s pays assoc ies, Mr J.B . Suc k de 
Karlsruhe a ete nomme Senior Scientist dans le groupe Temps de 
Vol. Je suis tres reconnaissant a Mr. A.J . Dianoux pour avoir mene 
a bien ces fonctions pendant cette periode intennediaire. 

Deux evenements ont ete fe tes, importants chacun a sa fai;:on 
pour la vie de l ' lnstitut. Apres plusie urs annees de construction 
d ' instruments, j'ai trouve que les installations dans le deuxieme 
hall de g uide de ne utron s, ILL22 , ava ient atte int un Stade de 
developpement te l qu ' il eta it approprie d ' inaugurer ce nouveau 
batim ent. Cette ceremonie a egalement fo urni une occas ion de 
reconnaitre la contribution spec ifique pour ce hall de guide de 
P. Blum, ingenieur tres respecte, qui avail longtemp travaille dans 
le Departement Instruments et Methodes ; une plaque a sa memoire 
a ete devoilee. 

Bien que mon rapport s'acheve par le paragraphe ' Personnel' 
cette position dans le rapport ne veut certe pas dire qu ' il traite de 
s uj e ts pe u importa nt s : a bi e n des ega rd s ce o nt les plu 
importants. L' lnstitut se compose de per onnes qui travaillent et 
rempli ssent le urs fon c tion s - sc ie ntifiques , tec hni c iens , 
admini s trate urs, secre ta ires , e tc . - au nom de la plu s va te 
communaute d 'amis et collegues qui affl uent chaque jour dans 
notre hall d 'entree pour utiliser nos instruments. 1990 n'a pas ete 
l' annee la plus facile pour !'ILL mais l' lnstitut se sent fort dans 
l 'attente de nouveaux defis. 

Mes remerciements les plus chaleureux a tous. 

U 'avere que ce rapport annuel sera le demier que j'ecrirai en 
tant qu e Directe ur de !' ILL pui sque j'ai dec ide d 'ac~e~te r la 
proposition pour le poste de Directeur de la Roya l lnst1tut1on of 
Great Britain, poste dec lare vacant de maniere imprevi ible. La 
decision de quitter un excellent etablissement tel que !' ILL n'a pa 
ete fac ile a prendre mais !'occasion pour moi d 'avoir a diriger le 
plus ancien et le plus prestigieux laboratoire en Grande Bretagne 
est unique. L' ILL aura encore de nombreux defis a re lever dans les 
annees a venir mai je n'ai absolument aucun doute ur le fai t qu ' il 
continuera a etre de plu en plus performant et qu ' il gardera son 
role central dan le domaine de la science de neutron . Je souhai te 
a mon successeur ainsi qu ' a tout le personnel de l' Institut me 
meilleurs voeux pour l'avenir. 

La fm de I'annee a ete tristement marquee par le deces de notre 
coUegue tres apprecie et respecte John Kirby. Venant du service de 
sous-marins de la Royal avy, ii a travaille comme chef de quart au 
reacteur (ii a egalement fail office de Pere Noel), puis ces demieres 
annee son travail dan les Halls Experimentaux lui ont permis 
d'avoir des contacts avec enormement de personne , dont les 
visiteurs, qui ont beaucoup estime son aide et on engagement. 

P. Day 



ILL/ESRF 

Over the last year the two in titute have devoted 
considerable effort to the transfer of the British and German 
teachers in the international section at the Houille Blanche 
Primary School and the Lycee Stendhal (secondary school) 
to the French educational system. With the new chool year 
in September 1990 it wa finally e tablished that all the 
teachers, who had previou ly had contracts with ILL and 
ESRF, are now given contracts with the "Recteur de 
l 'Academie" (Director of Education) for Grenoble , the 
appropriate French authority. 

The two in titutes have set up a joint working group to 
work out the conditions for the future control of access to 
the common site and are currently having discussions with 
the French authorities on the phy ical protection of the 
common site. In these discussions ILL and ESRF are 
working on the principle that the unity of the site and 
circulation without constraints between the two institutes 
mu t be ensured. 

Negotiations are currently taking place between the two 
institutes and the unions at ILL and ESRF on the conditions 
for a joint medical ervice. 

COOPERATION 

The tender received by ESRF for the construction of the 
joint ILL/ESRF building have been evaluated and the 
contract with Leon Grosse , BETEG, for the construction of 
the buildings has been signed. The building will be 
completed in the econd half of 1992. 

The discussions on the Modernisation Programme have 
indicated various possibilitie , de irable in the long term, for 
cooperation between the two institutes. A workshop on 

eutron Optics showed clearly that there are numerous 
opportun1t1e for cooperation in the fields of 
monochromators, mirrors and thin layers. This is particularly 
true for the methods of characterising the e products. The 
stock of in truments for analysis is almost identical. Sample 
environment and characterisation in the two in titutes need 
similar facilities. A joint laboratory could be the fir t step in 
thi collaboration. The two institutes are investigating how a 
closer collaboration in the computing sector could be 
organised. 

P. Armbruster 

Aerial view of the ESRF construction sire. The picture shows the first contours of the 844 m storage ring and the adjacent ring of the 
experimental hall. The synchrotron tunnel and the preinjector building can be seen on the upper part of the photograph. 
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COLLEGE 2 

Theory 

Members of the College 

J. Chalker 
B. Fourcade 
P. Holdsworth 
D. Janssen 
I. Jolie 
M. Lavagna 
P. Nozieres 
D. Nunez-Regueiro 

Introduction 

N. Schopohl 
E.F. Shender 
1. Solyom 
M. Uwaha 
J.T. Voit 
D. Waxman 
A. WUrger. 

The sc ientific activities within the Theory College cover 
condensed matter physics and nuclear physics. 

In accordance with the composition of the co llege the 
majority of its members work in the field of condensed 
matter physics. Here a wide range of topics is studied and 
includes rotational tunnelling, rheology of suspensions, 
capillarity effect , polymer systems, magnetism, classical as 
well as high temperature superconducti vity, quantum fluids. 
the theory of strongly correlated Fermi systems. 

The activities in nuclear physics include Gamma Ray 
Induced Doppler broadening. the theory of odd-odd nuclei. 
the many body problem in nuclear matter. 

Scientific Trends and Highlights in 1990 
Condensed matter physics 

J. Chalker has been mainly concerned wi th Anderson 
localisation of electrons in di ordered semiconductors. One 
focus has been the interpretation of experiments on the 
integer quantum Hall effect, which probe localisation via the 
temperature dependence of Shubnikov de Haa o cillation . 
A second topic has been the consequences for tran port of 
the fractal nature of wave functions near a mobility edge. 

Bertrand Fourcade worked on problem related to the 
shape of a vesicle. The general question is to know what is 
the evolution of a c losed vesicle under the ac ti on of an 
external timulus . His work concentrated on the phase 
diagram as well as on the characterization of the boundary 
lines. 

In the pa t yea r P.C .W . Holdsworth comp leted a 
numerical study of random bond and random field disorder 
in two-dimensional orientational glasses. He propo ed a 
neutron scattering experiment here at ILL to test this work, 
using an adsorbed mixture of Nitrogen and Argon on a 
graphite substrate. Also he began simulations on anisotropic 
ferromagnets, and frustrated antiferromagnet . 

M. Lavagna continued her tudies of trongly correlated 
Fermi systems u ing the slave-boson method. She extended 
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the range of validity of previous work to include 1101 only 
charge but al o spin fluc tuations and calculated in detail the 
effec t of gaussia n fluctuation s around the mean field 
solution. At low temperature he showed how one can relate 
the theory to a Fermi-liquid picture. 

P. Nozieres worked toward an explanat i on of 
experiment carri ed out by the Mar ei ll e group (Metois . 
Heyraud) which show evidence for ela tic deformation of a 
thin graphite fi lm in contact with a drop of liquid lead. 

The theory of the phenomenon take into account the 
weak cap ill ary forces wh ich exi t at a liquid-solid interface 
and become more important for thin films. 

P. ozieres devoted part of hi s time to lecturing on 

( I ) The theory of interfacial instabilities 

(2) The theory of strongly correlated fermions. 

In hi s lec ture ser ies (2) he empha ized the atypical 
physical nature of the I -dim case. In particular he discussed 
in depth the I -d im Hubbard model wi th its exactl y known 
Bethe Ansatz so luti on. He elucidated the nat ure of the 
elementar y exc itations of the system a composite en titi es. 
which could be di sso iated into ' holons' and 'spinons' , and 
pointed out that the interes ting question of how to generalize 
what can be learned from the exactl y solvable 1 dim system 
to two and higher dimensional system s has pre ·entl y no 
conclusive answer. 

M.D. Nl'.inez Regueiro continued her stud ies on a charge 
transfer model for hi gh T c superconductors. The mode l 
proposed for hole-doped Cu02 and Bi03 ba ·ed systems has 
been shown 10 allow pairin g of th e e lectro ns in the 
Cu02 layers. 

Neutron diffraction has shown the peculiar behaviour of 
RMn 2 ys tems : co mpl ex magnetic order in gs w here 
magnetic and non magneti c Mn sites coex ist and unusual 
dependence with exte rn al parameters. A fir t model 
including the in tability of the Mn moment in a frustra ted 
latti ce has been proposed by M .D . Nunez Regueiro in 
collaboration wi th R. Ballou and C. Lacroix (CNRS). 

. Schopohl and D. Waxman tudied the interface that 
ex i ts between the A and B phase of superfl uid 3He. 
Working in the framework of quasicla ical theory they 
made predictions for the magnetic influence that the 
interface wou ld have on quasiparticle exci tations . For 
example, a moving A -8 interface generates magnetization 
and there is experimental evidence for thi in work carried 
out by S. Boyd and G. Swift in Lo A lamo . A complete 
calculation for a moving interface is far more complex than 
a static interface. The reason for the complexity ari . e. from 
the additional time dimension introduced into the problem 
and the a sociated inelastic Andreev-scanering at the A-B 
phase boundary. The end product of their efforts wa to find 
an exact . olution to the moving interface problem for sharp 
order parameter profiles and to predict the veloci ty 
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dependence of the magnetization accompanying the moving 
inter face. They are continuing to work on this subj ect. 

J. Solyom stuctied the difficult problem how to ca lculate 

exp li c itl y the correlati on fun cti ons of the Berhe Ansa tz 

so luble models. Al so he inves tigated the effec t of a twist in 

the boundary conditi on fo r the 1-d Heisenberg model and 

es tabli shed a relati onship to Haldane' conjec ture about 

integer and hal f- integer spin chains. 

M. Uwaha continued his studies together with Y . Saito 

and S. Seki on the theory or aggregation growth in a latti ce 

gas. He also in ves ti ga ted the v icinal su1face of solid 4He. 

w here ph y ica l prope rti e like stiffness and mobility are 

attri buted to the occurrence of steps on a face t. In 4He these 

steps can be looked at a. mov ing elas ti c strin gs w hich. 

however, are co upled due to interference effec ts o f th e 

superfluid fl ow fi eld . A s a result there ex ists an effecti ve 

interac tion proporti onal to T/d at finite temperature T. where 
cl denotes the ~tep distance. 

J. V oit initi ated work on the spec tral properti es of a 

Luttin ger li qu id . T ogether with D .K. Campbell he also 

investi gated a continuum field theory of the commensurate­

inco mmensura te tra nsiti on in int erac tin g 2 D elec tron 

s stems. 

A. WUrger continued hi s coll aborati on together with A. 

Heidemann (also at ILL) and A . HUiier (Univ. Erlangen) on 

rotational tunnelling. Also he investi gated the nuclear spin 

w nversion of methy l group, . 

uclear Physics 

Jan Jolie pursued the ex periments using the Gamma R;iy 

Induced D oppl er broadening (GRID) method on the two­

ax is flat crys tal spec trometer GAMS4 in close collaboration 

with College 3. The most important results were obtained in 
two heavy nuclei. I 96pt and l 68£r. Both are considered to 

be r eprese ntativ e for tw o different kind s of nuclear 

collective moti on : a y-soft nucleus and a rotational nucleus. 

The aim of the experiments was to te~t to what extent the 

theoreti cal interpretati ons are valid at hi gher ex citation 

energy. 

He also continued hi s work on the theory o f odd -odd 

nuclei as more experimental data became available recently. 

The transfer reac tion amplitudes for the pick-up reactions 

197 /\u (d. t) and I 97 Au ( He3 . a) perform e I at th e T .U. 

Miin chen we re compared to predic ti ons. Th ey show a 

reasonable agreement w ith the theory taking into account the 

complex st ru cture of heavy odd-odd nuc lei . The ame 

agreement holds for the calculated elec tromagnetic transition 
ra te~ between the negati ve parit y states in I 98A 11 and l 76As 

in compari son w ith branchings mea~ ured at the ILL. The 

~trength of the supersymmetric approach lie. in the almost 

parameter free description o f comp I icated nuclei. 
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Dietm ar Jan sen co ll aborated w ith th e group o f H . 
B orn er on th e poss ibilit y o f o btainin g in fo rm ati on 
co nce rnin g th e co nstant , of th e wea k interac ti on by 
measuring the doppler broadening of a y-line emitted after ~­
decay. He studied how the lineshape of the y-line can yield 
in fo rm ati on on the heli c ity o f th e neutrin o. Al so. he 
de ve loped a new se l f consistent RPA theory . where the 
fermi on character o f the parti c le-ho le exc itati on can be 
preserved completely. 

Secretary: H. chopohl 
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Nuclear and Fundamental 
Physics 

Members of the College 

K. Balog 
H.G.Borner 
D. Dubbers 
P. El -Muzeini 
H.R. Faust 
E. Gutsmiedl 
S. Judge 
J. K lora 
B. Krusche 

J. L ast 
W.M arnpe 
U. Mayerhofer 
M. Pendlebury 
S. Robinson 
P. Schillebeeckx 
F. Schorr 
M . Tschernit z 
A . Williams 

External Members and Guests 

Yu. Abov (ITEP, Moscow) 
P. Ageron (ILL) 
M. A ghar (CEN A lger) 
M. Baldo-Ceol in (Padova) 
J. B lachot (CENG) 
L. Bondarenko (KIAE, Moscow) 
R. Bongratz (TUM) 
R. Casten (Brookhaven, USA) 
M. Chouder (Sussex) 
G. Dani lyan (!TEP, Moscow) 
H. Densch lag (Mainz) 
s. Dewey (N IST-USA) 
W. Drexel (I LL) 
R. Gahler (TUM) 
P. Geltenbort (ILL) 
K. Gobrecht (ILL) 
R. Golub (HMI) 
F. Gi:innenwein (TUbingen) 
K. Green (RAL) 
H. Glinther (Heidelberg) 
M. Harder (Brighton) 
B. Heckel (Seatt le) 
D. Janssen (Dresden) 
J. Jolie (ILL) 
J. Kalus (Bayreuth) 
E. Kessler (N IST-USA) 
I. Kilvington (RAL) 

R. Kossakowski (Annecy) 

Summary 

E. Kruger (PTB) 
S. Lamoreaux (Seattle) 
H.M. Lauber (Heidelberg) 
P. L iaud (Chambery) 
P. L ieb (Gi:ittingen) 
V.I. Morozov (KI AE, Moscow) 
A. Nastoll (Karl sruhe) 
W. istler (PTB) 
A. Oed (ILL) 
R. Oli ver (ILL) 
A.K. Petukhov (LNPI. Len ingrad) 
G. Puglierin (Padova) 

. Ramsey (Harvard. USA) 
H. Rauch (V ienna) 
H.J. Roth (Heide lberg) 
S. Schrlinder (TUM) 
K. Smith (Sussex) 
A. Steyer! (Rhode Island. USA) 
D. Thompson (RAL) 
J. Van Klinken (K VI. Groningen) 
G. Viv ier (Grenoble) 
C. Wagemans (Mol) 
W. Weirauch (PTB) 
T. Winkelmann (Braunschweig) 
J. Wulff (Braunschweig) 
P. Yaidzhiev (Sofia) 
A. Zeilinger (Vienna) 

The study of hadronic matter at low exci tation energies 
is ori ented increas ingly towards the elucidation of basic 
problems rather than to the determination of bulk properties. 
T hi s trend is seen in a dec reas ing number of proposa ls 
concern ing nuclear spectroscopy (e laborati on of complex 
leve l schemes fo ll owi ng neut ro n ca ptu re) , and i n an 
increasing acti vi ty for the understanding of question s like 
the existence of two phonon exc itations in nuclei , on fine 
structure effects in hadron ic decay modes, on the study of 
propert ies of exotic n-ri ch nuclei along the astrophys ical 
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rapid neutron capture process paths and on parity vio lati ng 
and time reversal violating ampl itudes in the decay of the 
neutron as well as in large systems. This trend away from 
study of bulk properti es of nuclei led to the conversion of 
the instrument PN8 into an 'S '- faci lity and the class ification 
of the heavil y subscribed cold polarized neutron beam SN7 
into a scheduled instrument, now PN7. 

Apart from the running of the instruments scheduled in 
College 3, a considerable effort was put in by our members 
to develop the projects for the ILL 's econd moderni sation 
programme: 

- a new GAMS-crystal spectrometer, using an 
innovati ve two ax is bent crystal geometry 

- addi tion of a third field on the mass spectrometer 
LOH ENGRI 

- installation of an intense positron source 

- neutron optical image of a cold source 

- zero fi eld spin echo spectrometer. 

I n the course of the year 3 members left the Co ll ege, 
hav ing come to the end of their 5 years contract: D . Dubbers 
took ove r a professorship at the Techni sche Uni versitat 
Mi.inchen. S. Robinson went to the Tennessee Technologica l 
Uni vers ity and P. Geltenbort is now managing the detector 
group of the ILL. 

The successful work of H. Borner in developing high 
reso lut ion y-ray tec hniqu es was ho no ured b y th e 
" Rontgenprei. " of the Universi ty of G iessen. W . M ampe and 
D . Dubbers rece i ved th e " Stern -Gerl ach Prei s" of the 
Deutsche Ph ys ikal i sche Gese ll schaft fo r th eir prec ise 
determination of the neutron li fe time, the neutron ~-decay 
asymmetry and the weak interacti on coupling constants for 
the neutron. 

Scientific Trends and Highlights in 1990 
Development of scientific tools 

On the instrumentation side progress i s manifo ld in 
Co ll ege 3: Th e bi g i oni sa ti o n c hambe r on th e m ass 
spec t ro meter Lo he ng rin i s increas in g ly used for th e 
detection of light particle emiss ion in fiss ion at energie of 
about 2 MeY /amu. The high resolution allows for a use of 
much larger windows on the chamber reaching 20 cm. Also, 
a large area time of fl ight detector is being deve loped and 
tested by a research group from the Technische Universitat 
Mi.inchen. The detec tor can use about 6 cm of the focal 
length and is equipped with a position sensitive anode. 

On the y-ray spectrometer GAMS the GRID technique. 
which allows lifetime measurements of nuclear levels in the 
femto-to-picosecond region was pushed to its extreme lim its 
by apply ing the method to heavy nuclei . A slowing down 
model spec ifi c to the G RI D meas urem ent s has bee n 
deve loped and is being continuously tes ted by dedicated 
experiments. Th is yea r the app l icat i on of the model to 
po l ya tomi c co mpo und s was tes ted ex perim entall y . 
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This accounts for both the mas. dependence of the slowing 
down model , and its dependence on different stoichiometri c 
compositions. Fig. I shows some of the results obtained for 
C l-compounds. By scanning Doppler broadened profiles in 
a-Fe2O3 and P-Fe2O3 effects of the crystallographic 
structure were studied. Statistical models and sem i-empirical 
prescriptions have been developed to determine the initial 
reco il distribution of the nucleus after y emi ss ion in ea es 
where side-feeding by unknown y-cascades con titutes the 
major limitation of the accuracy of the GRID lifetimes. On 
the experimental side we worked to increase the range of 
mea ·urable lifetimes with GRID by lengthening the slowing 
down time of the recoiling nucleus. For instance zeo lite cage 
structures were used to contain the target. 
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On th e P- spec tro m eter BILL an expe rim en tal 
programme is under way to test the reliabi lity of theoretical 
convers ion coeffic ien ts for pure transitions. This is not only 
important in ensuring the use of the ri ght screening function 
in the calculations, especia ll y for higher shell conversion, 
but also fo r reliability in ex tracting small penetration matri x 
elements appearing in hindered transitions. 

In orde r to perform an experiment on the elec Iron 
neutrino helicity at the ultra hi gh resolution y spectrometer 
GAMS4, a proto type polarimeter for circularly pol arized 
ga mma rays was tested on the PN7 beam, where, by 
polarized n-capture on nuclei with o+ ground state a 
polari zed y-beam was produced. On this beamline also some 
effo rt has been devoted to th e development of a flu x 
co ncentrat ing neutron optica l element for co ld neutrons 
(Heidelberg-ILL). 

On various beam positions studies have been unde11aken 
to discern systematic errors in different experiments. Therein 
fall s the investigation of the penetration depths of neutron 
in a Si sin g le cry ·tal which effects the accuracy of the 
determination of the constant h/mn, perfom1ed by the PTB 
group from Braunschweig. 
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The measurement of the neutron lifetime by ultra-cold 
neutron storage requires the knowledge of loss mechanisms 
which are not due to its decay. This year, for the first time 
after twenty years development of storage experiments, it 
has been poss ible to make preci se measurements of the way 
in which the loss rate of stored neutrons depends on their 
kinetic energy (ILL -Sussex). The results agree with the 
theory on which one has had to rely almost entirely up to 
now, except for energies just below the Fermi potential , 
where some slight warming of the UCN during storage may 
manifest itself. This slight warming has also been detected in 
other experiments designed specifically to look for it. This 
work has exploited the recentl y developed ultraco ld neutron 
gas monochromator (Fig. 2). 

In another experiment the cold Hl 7 beam has been used 
for experiments to measure the spec trum of upscattered 
neutrons derived from UCN stored in uperfluid Helium 
(Hahn-Meitner Institut-TLL). A temperature of about I K was 
chosen for the helium to give significant upscattering from 
the helium exci tations. Some differences have been seen 
compared with the spectrum expec ted on the basis of the 
momentum independent three phonon interaction . 

Survey of results of experiments 

The classical domain of the study of the nuclear 
Hamiltonian via the es tabli shment of level schemes wa 
fol lowed on the bent crystal y-ray spec trometer GA MS 

1,2,3, on the beta spectro m eter BILL , on th e pair 
spectrometer P 4 and on the corre lat ion faci lity H22F. 
·Standard' spectroscopy was applied to 137cs (Belgracle­
lLL) and I 97Hg on GAMS, to 5 1 V and 52y (Gottingen­

I LL ) on P 4. w hi ch was al ·o used in a Compton 
suppression mode, and to 172yb (Tlibingen- l LL) and 156Gd 

(Munich-ILL) on th e corre lation facility . On the BILL 

spectrometer class ical conversion electron spectra ·copy was 
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perfonned in 80sr (TUbingen-ILL) and I I 2cd. Furthermore 
an exhau tive measurement of the decay scheme of 1-l-4Nd 
wa pe1fonned on this instrument. The e studies aim at the 
compari on of the level chemes with nuc lear mode l 
predictions, with pecial weight on odd mas nuclei . Apart 
from the Nilsson model and the particle-vibration coupling 
model, detailed comparison is possible with the interacting 
boson model , extended to include the coupling of one or two 
fennion . 

The nucleus I I 2cd is considered to be an important 
testing ground for the U(5) limit of the boson part of the 
model, and the ILL experiments contribute to a considerable 
effort to understand this nucleus including also different 
kinds of nuclear reaction s, performed el ewhere . The 
nucleu 144 d is being studied with respect to level · at 
higher excitation energies, where mixed symmetry states, as 
a new class of nuclear excitation, should appear. 

The electromagnetic interaction in nuclei was studied 
on the GAMS4-s pectrometer performing GRID ­
measurements (Gamma ray induced Doppler broadening). 
This technique allows the determination of nuclear lifetimes 
down to the femto-second domain and was applied to I 96pt 
(ILL-BNL-Rutgers) and I 68Er (ILL-8 L -ISN). The fir~t 

nucleus ~hould belong to the 0(6) dynamical symmetry limit 
and the second to SU (3) of IBA. In I 96pt the lifetime of the 
0i state was estab li shed as t > 1.86 psec in perfe t 
agreeme111 with the 0 (6) picture. In 168Er the existence of 
2 phonon exc itation in deformed nuc lei was stron gl y 
supported by lifetime measurement of the decay of the 
K7r = 4+ bandhead to the 2+ level of the )'-band (Fig. 3). 
The transition rate was determined to be of the same order of 
magnitude as the gamma-to-ground tate transition and 
confirms the two phonon character of the Krt = 4+ band . 
Thi s so lves a longstanding debate whether the Pau li 
exclusion principle forbids the existence of multiphonon 
states in defo rmed nuclei , as was suggested by some 
theoretical predictions. 

Hadronic decay modes are investigated on the 
LOHENGRIN - pectrometer, on Cosi Fan Tutte and the 
beam position H22D. On the latter instrument the reaction 
cross sections of I 38La(n, a), I 84os (n,a) and I 87os (11 ,0'.) 

we re determined using a dedicated detector telescope 
(Ghent-ILL). The re ults give value which are two to three 
orders of magnitude smaller than expected from stati stical 
model ca lculat ions. Special attention has been given to the 
reaction 36c 1 ( n.p ) and 35Cl(n ,p), which have some 
importance to astrophy ics. The cro s section wa 
accurately detennined. 

Search for binary decay modes including li ght nuclei 
(from 6Li 10 32Si) continued on th e LOHENGRIN 
spectrometer (TUbingen-Darmstadt-Bordeaux- lLL). Heavy 
cluster activity ha been een in the spontaneous decay of 
. everal actinides but so far no clear signal for cluster decay 
following neutron capture in actinides has been detected. 
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The swdy of the binary nuclear fis ion process continued 
on LOHE GRIN and Cosi Fan Tutte. On the former 
instrument nuclear charges as hi gh as Z = 52 could be 
detennined with the large ionisa tion chamber and re!:,u)ts in 
symmetric fission of 250cf have been obtained (Mainz­
ILL). The data eva luation will give an answer how the 
unchanged nuclear charge density rever~es sign near the 
Z=50 closed shell and to what extent thi s closed proton shell 
influences the fission probability. On Cosi Fan Tutte the 
analysis of data from 232, 235U(n,f) and 239Pu(n,t) (A lger­
Bordeaux-TUbingen-lLL) continueu. From the data ev idence 
is collected for an enhanced emis. ion of paired fragments 
also at low kineti c energ ies. The experiments reveal a 
surprising reappearance of structure in the mass distributions 
at low kinetic energy and an increased odd even effec t for 
the fragment charge. 

The li ght particl e accompanied fission proce!:,S was 
investigated on LOHENGRIN and H 22D. On H22D the 
neutron indu ed ternary fi ss ion of 229Th(n,f) lias been 
partially investigated using solid ~la te detectors (Ghent­
ILL). On LOHENGRI the large ioni:,a11on chamber was 
employed to determine yields in ternary fosion for pa11icles 
heavier than 12c for tile reac tion 24 1 Am(2n,f) lTUbingen­
Darm tadt-Bordcaux-JL ) and 249cf (n,f) (Mainz-ILL). The 
quality of the data is shown in Fig. 4, where a mass over 
ion ic charge ratio of 3 was selected, giving a snap ~hot of thl.! 
particles ranging from 9se to 24Ne which are recorued. 
Fig. 5 shows the energy di~tribution for 21 F and 24Ne being 
emitted in 24 I Am (2n,t), for selecteu charge scat<:: .. Fig. 6 
shows 14 dis tributi on in ternary fi -~ion of 249Cf(n,f) 
mea~ured for all relevant char6e ::.tates. It was found that 
14c em iss ion in 249cf increases more than a factor of 16 in 
comparison to 235LJ(n,f) , a surprising fact with respect to the 
ternary a-yield , which ror both i~otope~ is comparable. The 
measurements of ternary fission yie lds in 241 Am (2n,f) for 
light particles I elow 12 using a spec ial sol id state detec tor 
arrangelllent has hecn completed in 1990. 

- -------- --
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24 / Am (2 11 j). measured 0 11 LOHENGRIN. 

Angular mo mentum induced in hadroni c decay was 
measured for se lec ted mass sp lit s in 249Cf(n,f) via the 
population of iso m e ri c s ta tes (Mainz- fLL ). The da ta 
eva luation w ill es tab li sh the dependence of the creation of 
angular momentum as a function of the kinetic energy of the 
sing le fragme nt. 

The weak interaction is being investi gated with respect 
to the determination of the weak coupling constants gv and 
gA , wi th respec t to the question of the photon-to-baryon 
ratio in the uni verse and w ith respect to the astrophysical 
neutron rapid captu re process . Here the weak interaction 
determines the ~-halfli ves of nucle i along the r-process paths. 
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Early in the year a new neutron life time experiment 
using stored UCN and Fromblin liquid coated metal surfaces 
was carried out (Kurchatov Institute, Moscow and ILL). The 
storage vessel is not closed to UCN at the top and is always 
open to the vacuum pumps (Fig. 7). Stored UCN are held in 
by g ra v ity . The rates of di sappearance of neutron s are 
compared for an empty ve se l and for the vessel with a 
perforated lining added. The lining increases the wall area 
by a known fi xed factor in all reg ions of the vessel so that 
the co mpari so n a llow s th e wall induced lo sses to be 
deduced. The experiment was repeated at three different wall 
loss rates by c hoo s in g diffe re nt temperatures . The 
pre liminary result is 'tn=883(3)s. 
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Fig. 7: The Kurcha10 1•-/LL newron /ife1ime experiment. 
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A lso this year the data proces ing was completed for the 
Sussex NlST neutron li fetime experiment which was carried 
out las t year on the PN7 beam using a technique where 
t rapped decay protons are co un ted . T he res ult i s 
, 11=893.6(5.3)s. 

For further comparison we may quote the recent result 
, =887.6(3.0) from the ILL experiment of W. M ampe et al. 
using UCN storage in a vari able geometry liquid coated 
glass vessel. 

At the level of fundamental interactions and elementary 
particles, experiments are directed towards the determination 
of parity and time reversa l violating amplitudes, the search for 
ev idence for new particles and the test of quantum mechanics. 

The largest and best established P-odd amplitude is the 
correlation coeffi c ient A in pol ari zed neutron decay. It 
describes the angular distributi on of the decay electrons 
relative to the neutron spin direction. A measurement of thi s 
quantity which, for the theoreti ca l understanding of weak 
interacti ons, i s very important , was undertaken by the 
Annecy-lLL collaboration. The scienti sts employed a helium 
filled Time Projection Chamber in co incidence with a plastic 
scintillator counter to record trajectories and kineti c energy of 
decay electrons (PN7). Analys is of the event data is under way. 

P-odd amplitud es in hadro ni c decay have bee n 
determined by measurement of the angular di stributi on of 
fi ss ion products in relation to the neutron spin . A group from 
LNPI -Gatchina inves ti gated li ght fragment emi ss ion in 
binary fiss ion of 229Th , 233u , 249pu, 237Np and 24 IAm 

(Fig. 8). A similar experiment on 233u was performed by 
sc ienti sts from the University of TUbingen. Their goal is to 
measu re the asymmetry as a functi on o f vari ous fi ss ion 
parameters, parti cularl y in the co ld fi ss ion reg ime. In a 
separate experiment the P-odd asymmetry in ternary fi ss ion 
was compared with that of binary fiss ion o f 233u. Here the 
heavy fi ss ion fragments are detec ted in co incidence also 
with an emitted a -particle. The measurements were carri ed 
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Fig . 8: Results uf rnrivus e.rperime111.1· pe1f or 111ed ar the ILL to 
derer111i11e the parity 1·iolmi11g amplitude in hadronic decay 

processes. 
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out by a gro up from th e In stitute of Th eo ret ica l and 
Experimenta l Phys ic · in Moscow. 

T-odd amplitudes may be detected in neutron decay 
correlati on measurements and in the search for an electric 
dipole moment of the neutron. With the fom1er technique the 
so-called R-coeffic ient in neutron decay is determined by 
measuring a possible decay asymmetry in a combination of 
three vec tori al quantities - electron spin, electron momentum 
and neutron spin ( Ann ecy-ILL). The ex perim ent i s in 
progress. A long the line of the determination of T reversal 
violation through the measurement of the neutron elec tri c 
dipole moment, progress has been made on two front : The 
old EDM machine was rebuilt thi s year in preparation fo r 
meas urements w ith increased sensiti v ity (Sussex- ILL­
Washington-Harvard). The main changes introduced are a 
factor of ten increase in the neutron storage vo lume, and a 
new magnetometer which will monitor the nuclear precession 
of I 99Hg atoms stored in the same chamber as the neutrons. 

On th e seco nd front , id eas for a ne w ge nerati o n 
experiment to measure the neutron EDM were sketched by 
R. Golub and S.K. L amoreaux. The line of thought of the 
new idea empl oys th e sto rage of ultra-co ld neutrons in 
superflu id 4He. 3He is disso lved in the 4He liquid in a small 
amount and acts simultaneously as UCN polari zer and UCN 
analyze r , as age nt fo r detec tin g th e UC and as the 
magnetometer. For this last function an o cillating magnetic 
field dress ing would be used to equalize the spin precession 
rates o f the 3H e nuc lei and th e neutrons. With out the 
dressing the precess ion rates differ by about 10%. 

Baryon number violating amplitudes are searched for 
in the neut ro n-antineutron osc ill ati on ex per im ent. Th e 
experiment was running during the year. (Padova-Pav ia­
Heidelberg- lLL) . No clear signal indicating a vio lation of 
the baryon number in thi s process was observed, which puts 
the lower limi t of the oscill ation period to • osc > 7. I 07s. 
To increase the sensiti vity of the experiment still further. a 
continuou • effort is being made to decrease the in fl uence of 
ex ternal magnetic fi eld perturbati ons and to increase the 
detec tor effi c iency . The ex per iment will run for 6 more 
reac tor cyc les. 

The sea rch fo r new particles continued o n the ~ ­
spectrometer BILL w ith the Bhabha scattering experime111 , 
in collaboration with the GSI Dam1stadt. T he ex istence of a 
neutral parti c le wi th a m ass of 1. 8 M eV /c 2 has bee n 
postulated at the GS! to explain the observati on of mono­
energeti c coinc ident pos itron-electron pa irs in heavy ion 
co lli sions. The particle could also be created in an elec tron­
po ·i tron co ll is ion at the appropriate ce ntre of mass energy. 
the recoi ling neutral parti c le woul d then decay i nto an 
elec tro n-pos it ron pa i r. No ev idence has been fo und i n 
Bhabha scalleri ng to support the ex istence of a new particle , 
and the experiments of the ILL have set it · lower l ifetime 
I im it to 7x I o-I 2s (see box). In a second experiment on BILL 
a manifestation of neutri no mass in ~-decay was searched 
fo r. A targe t o f I 76Lu was irrad iated fo r eigh t days to 
produce a highl y act ive (50 Ci ) source of I 77Lu . The latter 
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nuc lide decays by emitting a beta ray with an end-poi nt 
energy o f 500 keV and has a halflife of 7 days . It was 
therefore poss ible to measure the ~-spectrum during the ten 
days shutdown after the end of the reactor cyc le. For the 
moment no indication of the ex istence of a mass ive neutrino 
was found. 

The tes ts of fundamental laws of quantum mechanics 
continued on the beam-l ine H 18, with the diffraction of cold 
neutrons (A.=20A) on macroscopic slits (TU MUnchen and 
A tomin stitut Wi en) . Th e measurement is in exce ll ent 
acco rd ance w ith th eo ry and proved th at th e ri goro us 
di ffra tion theory for neutrons is correct. 

A longside the ultraco ld neutron outlets of the venica l 
(TG V) source is a very co ld ( I 00 A) beam used for neutron 
o pt ics ex perim ents by th e Vi enn a- Muni ch- ILL 
co ll abora tion. A grating interfe rometer w ith transmi ss ion 
gratings is currently being developed. A fter earl y te ts using 
a 2 µm grating constant. the emphasis has been on prov iding 
more effi c ient i so lati on aga in t v ibra ti ons and thermal 
influences. A spec ial cabin has been set up around a bench 
and the leve l ling sys tem fo r th e opti ca l tabl e has been 
improved. 

Following thi s. new gratings with I µm grating constant~ 
have bee n tes ted success full y and fo und to mee t th e 
requirement for a new set up which will soon be used to 
measure the phase shift of neutron waves due to the Earth 's 
gravity. 

A pplied a nd interdisciplinary science 

On the LOHENGRI spectrometer the long-standing 
effort continued to measure the end-point en~rgies o f~­
spec tra from neutron-rich fi ss ion products. In particular the 
reg ion around th e closed N= 50 neutron shel l has bee n 
in ves ti gat ed (University of Braunschweig). At the same 
in strum ent a Stud sv ik /CENG co ll aborati on meas ured 
average y and ~ y ields for vari ous fi ssion chains containing 
refrac ti ve elements inaccessib le with ISOL-sys tems. The 
results are used as input fo r heat ca lculati ons of nuclea r 
power reactors. 

Th pro mpt gamm a facilit y o f H22E was used by 
geologists from the Uni vers ity of Grenoble in co llaboration 
w ith the ILL to ·tud y th e li ght element di stri buti on in 
Himalayan leucogranites from two new intrusions. eutron 
ac ti vation analysis was used to determ ine ra re earth . trace 
and LIL elements on a va ri ety o f roc ks from different 
environments. otabl y, samp les from th e geodynami c 
clomaine of the Andean Cordillera have been inves tigated. 
Measurements were made on andes ites and dac ites from 
severa l active vo lca noes to determ ine th e sou rces and 
evolut ion of Andean magmatics from the Centra l Vo lcanic 
Zone. Coopera ti on fo r these mea~urements was wi th the 
University of Grenoble and ORSTOM , Paris. 

Sec retary: H. Faust 
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Astrophysics 

The elemental abundance in the solar system for 
masse heavier than 56Fe is supposed to have been 
created by two distinct processes: the s-process, short for 
slow proces , and the r-process, hort for rapid process. 
The s-proce s is defined as the capture of neutrons by 
stable or long Lived i otopes and by their subsequent ~ 
decay. In the s-mechanism each step involves the gain of 
one nuclear charge unit, until the element 209Bi is 
reached. The a instability which sets in beyond thi 
isotope brings the low neutron capture process to an 
end. Whenever a closed hell is approached in the -
proce s, the extra tability implied leads to an increa ed 
elemental abundance howing up as ' peak yield in the 
Fig. 9. 

The rapid neutron capture proces proceeds via a 
different mechanism: in a pre umed explosive stellar 
event as the side of the r-process the intensity of the 
neutron flux i extremely high (1028 ncm-2 -1) for a 
short time (2s) . Neutron capture starting from 56fe 
proceeds very rapidly, leaving no time for the 
intennediate isotopes formed to decay. The process stops 
when the clo ed = 50 neutron hell far away stability is 
reached, the reason being that the neutron binding 
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Fig. 9: Relative abundances of elements in the solar system. 
decomposed into the various processes. The N=50 r-peak is 
subject to i111•estigatio11s on the LOHENGRIN spectrometer. 
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energy, on crossing the magic shell , drops considerably 
and an equilibrium builds up between (n,y) and (y,n) 
reac tions in the ' bot ' ste llar atmosphere. A hiatus is 
reached where p decay must occur first before any other 
neutron may be captured. 

After freezing out of the process these very n-rich 
nuclei decay back by numerous p decays to stability. The 
result is a strong enhancement of solar abundances in 'r' 
peaks on the left of the 's' peaks in Fig. 9 . Another 
consequence is that thorium and uranium isotopes can be 
created, which are impoitant to us now as a source of 
nuclear energy. The region of the nuclear chart where the 
very first part of the r-process is assumed to take place, is 
shown in Fig. 10, the main elements of interest being 
irnn, cobalt, nickel , copper and zinc. To reproduce the 
abundance curve by calculation, input parameters to 
models have to be known , the most important are the 
lifetimes , the masses , the delayed neutron emission 
probabilities and the properties of low-lying excited 
states. Obtaining these nuclear parameters presents a 
challenging problem: the production, identification and 
spectroscopy of exotic nuclei which have up to 14 
neutrons in excess of their stable isotope. 

Reversing the process of nuclear synthesis by using 
the thermal neutron induced fi ss ion reaction of U and Pu 
isotopes, we have been able to identify very neutron rich 
species along the r-process paths. These isotopes are 
extremely rare, havin g abundances as low as 10-9 
compared to 'standard ' fi ssion. 

In a special set-up of the ionisation chamber used on 
LOHENGRIN it has been poss ible to implant the 
isotope into Si detectors , using the last 6 MeV of 
kinetic energy of the particles at the very end of their 
ionisation track. By looking into the time correlations 
between the incoming identified ion and its subsequent 
P decay it is possible to determine its halflife. In this way 
the decay of 71Ni, 72Ni, 73Ni, 74Ni , 74cu, 75cu, 68co, 
69co and 68Fe have been measured (Table 1 ). The 
outcome of the experiment is that the halflives of these 
nuclei on the r-process paths have been found to be 
much shorter than assumed previously in the calculation 
for the elemental abundances. This is especially true for 
the isotopes 68co, 69co and 68fe. The results suggest 
that the r-process calculations should be redone in this 
region. The mass limit of the isotopes which contribute 
to the abundance peaks must be displaced towards the 
stability line in the Co-Fe region. 

Whereas the understanding of the r-process gives us 
information about elemental distiibution above Iron, and 
therefore about later stages in the development of the 
universe, where the iron 'seed ' was already formed, the 
value of the neutron lifetime provides information about 
the very beginning. ln the standard big bang model light 
element abundances depend both on the number of 
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existing neutrino families and the neutron lifetime. This 
year the number of families of quarks and leptons 
including neutrinos was determined with a great 
accuracy by the experiments on the Z0 decay at the LEP 
accelerator at CERN . With their results the neutron 
lifetime and the information on the light element 
abundance (helium for example) give an estimate of the 
baryon-to-photon ratio of the universe. This ratio is very 
uncertain from direct observations and at the same time it 
is of great interest because it gives the very small 
asymmetry in the numbers of part_icles and antiparticles 
which must have ex isted in the early fireball of the 
universe. Without this asymmetry there might now be 
only radiation and no matter ! Early speculation by 
Sakharov related this asymmetry to the violation of time 
reversal in the fundamental interactions. 

The accepted range of baryon-to-photon ratio in 
Fig. 11 is derived from various neutron lifetime 
experiments at the ILL which have continued to give 
further results during the last year as described in the 
College 3 report section . These new lifetime results lead 
to a baryon to photon ratio between 2x 10- JO and 6x 10-10. 

T 1/ 2 (S) 

Cu : 74 1.46 (0.25) 
75 1 35 (0.40) 

Ni : 7 1 1.95 (0.38) 
72 2 05 (0.50) 
73 0.86 (0 .15) 
74 1 07 (0 .5) 

Co: 68 0. 18 (0 .10) 
69 0 .27 (0.05) 

Fe: 68 0.10 (0.06) 

Table I : Measured ha/flivesfor Cu, Ni Co and Fe isotopes. 
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Fig. 10: Parr of the chart o.f nuclides showing the region of the 
very beginning of the r-process palhs. Shaded isolopes are 
srable, dotted ones are produced in rhe fission process of U and 
Pu. The ha/flives of underlined isotopes has been determined 
on LOHENGRIN. 



COLLEGE 3 

0 .27 

0 26 

,Q O 25 
ti 
0 

cl: 0 .24 

"' "' 0 
:E 0 .23 

Q) 

I 
0 .22 

0 .21 

0 .20 
10-10 2 X 10- IO 5 X 10 IO 10-lO 

Baryon to photon ra tio 

Fig. 11: The shaded band shows the relation between the 
Helium mass fraction i11 the primordial universe and the 
prese111 baryon-to-photon ra1io as de/ermined by 1he value of 
1he 11eu1ron lifetime and ifs uncer1ai11ty. It seems thal the 

baryon to photon ratio has to be between 2xt0-I0 and 6xJ0-

10. The calculation assumes 1ha1 there are 1hree types of 
neu1rinos. 

Experiments with neutron induced positron sources 

K. eh recken bach 

The development of an inten:e positron ource at the 
ILL was prompted by a recent and intriguing problem in 
particle phy ic , the iove tigation of which required a 
beam of po itron in the MeY range, monoenergetic and 
tunable in energy. The problem was po ed by the 
ob ervation of correlated narrow positron and electron 
lines in heavy ion reaction at the GSI, Darmstadt. These 
monoenergetic e+e- line could be evidence for an as yet 
unknown neutral object of hort life-time (experimental 
range 10-20 to 10-l0 ) and with an invariant mass of 
about 1.8 MeV decaying freely in e-e+ pairs. If thi 
hould be the ea e the time reversed reaction , e+e­
cattering (Bhabha cattering) would al o be able to 

produce thi exotic particle. Thi ha been the ubject of 
our inve tigation . 

A conventi nal way t earch for a very hort-lived 
object i to mea ure the cros ection in the colli ion of 
particle in dependence on the centre of ma ·s energy. 
The produ tion of a new particle with immediate back 
decay into the original one would yield a imilar 
ignature in the detection y tern to that of elastic 
cattering. In our ea e the xp rimental evidence for a 

particle formation would ju t be a re onance like peak in 
the Bhabha cattering cro ection at the total centre of 
ma s energy equal to the particle re t ma . 

w 
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For the Bhabha scattering experiment we used a 
po itron beam interacting with the electron in a metal 
foil. To achieve a centre of ma · energy of 1.8 MeY the 
kinetic energy of the po itron beam mu t be around 2.2 
MeY. How can one produce po itron in thi energy 
range at a reactor and create out of them a monoenergetic 
beam of variable energy ? 

The basic idea employed wa to u e pair creation in 
the absorption of high energy prompt gamma ray from 
the neutron capture reaction, i.e. the conver ion chain 
neutron -> gamma-ray -> e+e- pair . Placed in the 
high neutron flux at the target . ite of the BILL beta 
spectrometer a strong po itron ource with a continuous 
pectrum wa available. The pectrometer erved a 

momentum elector and formed a monochromatic, 
tunable po itron bean1. It inten ity closely follow the 
neutron flux at the ource. 

The energy release in the neutron capture reaction i 
typically 6 to 10 MeY and it is normally hared between 
several gamma ray tran ition cascading down from the 
capture to the ground- tate. 

A significant fraction of the neutron can be captured 
with target nuclei of high capture cro s- ection. Thu the 
number of gamma-rays produced can be similar or even 
higher than the avai lable number of neutrons . 
The positron are produced when the gamma-ray 
undergo pair-production in the (n;y) target it elf and/or in 
a eparate converter material. An element of high nuclear 
charge is favourable since the pair production cross­
section is approximately proportional to z3. The 
re ulting po itron energy pectrum depends primarily on 
the gamma-ray pectrum. However, it i modified by the 
energy lo and cattering of positron in the target. 

For an optimum production of positron in the range 
2 to 3 MeY the gamma-ray energy mu t be around 6 
MeY, ince I MeY is needed for the e+;e- rest ma e 
and the kinetic energy i hared about equally between 
the particle . The reaction 48Ti(n,y)49Ti with 7.8 barn 
cro s-section provides uch gamma-ray at the average 
rate of 0.8 gamma per captured neutron in the range 6.4 
to 6.8 MeV. The final ource u ed at BlLL wa 
compo ed of a 3 mm thick plate of natural titanium, area 
50 x 100 mm2, overed by a plate of 0.25 mm thi k 
platinum a a high Z material. The positron were 
momentum elected by the double focu ing iron cor 
magnets of the pectrometer, yielding in the energy rang 
1.. .3 MeY 3x 105 e+/ per I m in the JO cm long focal 
plane. umerical calculation have hown that the 
po itron flux cannot be increa ed by more than a factor 
of two by u ing thicker Ti and Pt layer . However thi 
increa e would cau e too high a gamma-heating of th 
ource at the target ite. 
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With thi po itron beam two types of experiments 
were performed in collaboration with the GSI (Fig. 1 ). 
Po itron were cattered at a 4.7 mg/cm2 thick beryllium 
foil u pended in the focal plane of the pectrometer. In 
the fir t experiment the foil was directly viewed by two 
row of Si(Li) detector . A cattering event triggered two 
detector in coincidence with a um energy clo e to the 
incoming po itron energy . The multidetector device 
provided stable measurement conditions and u ed the 
di per ion in the focal plane for optimum energy 
re olution. In the econd experiment one detector row 
was hielded from the cattering foil . We were looking 
for longer lived objects which might be produced in the 
target, and then decay behind it in free flight. The normal 
ela tic cattering event could be suppre ed by more 
than three order of magnitude, but the arrangement i 
only sen itive to lifetimes longer than 10- 12 s 

Si (Li) t low • Z ----~ Si (Li) 
shieldings 

-. 

I 
I 

I 
I 

Be . foil szint. 

t . 

(a) 

(b) 

(c) 

Fig. I : Arrangement f or the Bhabha-scauering experiments in 
the focal plane of the BILL beta spec,rometer. (a) Unshielded 
1•iew on the scat/ering f oil; (b) illustration of the grouping of 
sca11eri11g points; (c) shielding of elastic scallering el'enrs. 
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corresponding to a flight path of the relativi tic object of 
about 0.4 mm. 

The re ult could only be interpreted in terms of an 
energy integrated cross-section. In fact, the hypothetical 
resonance would show up in the laboratory system with 
a minimum width of about 30 keV, cau ed by the centre 
of ma tran formation of the momentum pread of the 
electron in the beryllium foil. This width would be even 
larger for heavier element . The result from the G I 
indicated that we hould earch for a much narrower 
particle decay width. Thu the inten ity of the resonance 
line ob erved i pread over the experimental resolution. 
The limit derived from our experiment are shown in 
Fig. 2. 

The unitarian limit for reaction cro - ection i 
applicable for the pre ent event and tell u the 
theoretical height of the hypothetical re onance: 

max 4 2 2J+I er - nl' • 
R - ·'R (2s 1+1 ) (2s2+1 ) 

AR = 2h/(M 2 - 4m 2 ) 1(2 
R e 

where MR denote the particle mas , J the total 
angular momentum of the particle and i the pin of the 
lepton . 

The unitarian limit for the integral cro - ection for a 
J=0 particle i hown in Fig. 2. Our data exclude the life­
time range horter than I o- 11 and our more recent 
experiment (evaluation in progre ) achieved a 
ensitivity up to 10-10 . A further gain in ensitivity in 

our method could be achieved only with thicker 
scattering foil . But the re ult would become ambiguou , 
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unshielded view 
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Fig. 2: Experimental limits compared to the 11nitaria11 limit for 
a 1=0 parric/e. The region above the dotredldashed line is 
excluded by the experimem . 
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since an extended object may disintegrate prior to it 
decay when pa ing through a thick layer of matter. 

Our re ult goe beyond the pecific OSI problem and 
tell u that no 1.8 MeV particle exi t , even if 
compo ed, which decay with a partial lifetime horter 
than I o- 11 into e-e+. This limit is more general and 
more preci e than that derived from the g-2) magnetic 
moment anomaly of the electron. It re ult from high 
preci ion experiment on (g-2) with stored electrons 
compared with theoretical calculations taking into 
account all known particle which couple to the electron. 
An additional particle wou ld change the electron g 
value through it virtual emission-ah orption loop. 

It should be noted that the positron pa ing the focal 
plane of the BILL spectrometer could be easily focussed 
together. This would lead to a pot of about 5xl0 mm2 
comprising 2x 106 po itron per econd at MeV energie 
with an energy pread of 1.5 %, thereby constituting an 
excellent beam for solid tate physics tudie of bulk 
material . 

A new generation of positron sources 

FoUowing the experience with the positron source for 
the Bhabha experiments we considered the potential of 
our method for a source of slow positrons (eV to few 
keV range) a frequently used in atomic and olid state 
physic . In the e sources fa t po itron are lowed down 
in a moderator and emitted from its surface with an 
energy corre ponding to a positive workfunction of the 
moderator for positrons. The positron spectrum from the 
Ti-Pt arrangement i not optimum for thi purpose since 
it i too energetic. A much better choice would be 
cadmium a a (n,y) source and tung ten a a y-e+ 
converter and moderator. The thermal neutron capture in 
natural cadmium i completely dominated by the 
113cd(n y) 1 t 4cd reaction with a cross ection of 26,000 
barns. The mea ured and calculated po itron pectrum 
for a Cd-W ample i compared in Fig. 3. 

The theoretical limit for the conver ion yield of 
neutron into low po itron i given by the absorption of 
all gamma-ray in the converter and by the minimal 
los e in the moderation proce . The calculated fa t 
po itron yield i 0 .6 e+ per captured neutron for the 
Cd/W combination. In the lowing down proce of the 
fa t positron. to eV energie the lo e are in the order of 
a factor two. Thu one neutron an yield in principle 
0.3 low po itron . 

Unfortunately typical moderator trongly annihilate 
low po itron . The diffusion length in W for in tance i 

only about 500 to I 000 A. Thu the moderator mu L be 
pliL in thin foil and the emerging low po itron 

collected and accelerated into a beam. With present 
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techniques the low po itron extraction yield into a beam 
i hardly better than 10-3 per fast po itron. On the other 
hand large neutron flux area are available at a reactor 
and therefore the inten ity of a positron ource i mainly 
limited by the requirement that the low po itron 
produced must be collected from a large area into a small 
beam cro ection. We have di cussed focu sing devices 
or drift tube . Thee timate are very promi ing and point 
towards low positron fluxe which are order of 
magnitude higher than available at pre ent. ew 
generation of positron beam experiments would become 
possible. 

The pre ent article ummarizes everal recent paper : 

H. T ertos, C. Kozhuharov, P. Armbru ter, P. Kienle 
B. Krusche and K. Schreckenbach, Phy . Rev . D40 
(1989) 1397 

S.M. Judge, B. Kru che, K. Schreckenbach H. 
Tsertos and P. Kienle, Phys. Rev. Lett. 65 (1990) 972 

K. Schreckenbach, B. Kru che, W. Triftshauser and 
G. Kogel, "A High Flux on- line Source of Moderated 
Po itron ", Propo als for the "3eme ouffle ', in technical 
report ILL 90IL21 T 

B. Kru che and K. Schreckenbach Nucl. In tr. Meth. 
A295 (1990) 155. 
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Fig. 3 : Fasr posirron spectrum measured ar Bill for Cd as 
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General Summary 
In 1990 as in the pa. t three years, a huge amount of work 

and bea m tim e wa devo ted to tudi es o n hi gh-T c 
c;uperconductors. but this has not prevented further research 
in other fi elds such a normal superconductor-;. heavy 
fennion and low dimensional y. terns. 

Thi s year 1990 will be remembered a. a period of high 
turn -over of phys ici . ts in college IV with the departure of 
many eminent members such as C. Vettier. S.M . Hayden. H. 
Godfrin . V . Frank an<l the arri val of new ph sicists. L. 

eeclham. B. F, k and J. Bossy. The co llege ha: done it best 
to fulfil its task <lespite a lightl y heavier overload in these 
changing conditions. 

Scientific Trend and Highlights in 1990 
L attice Dynamic and Structural Phase Transition 

This i. a very active domain. work can be di vided into 3 
main categories: dynamic. of incommen urable phases. sof t 
phonons in simple metallic structure. and phonon density of 
slate!> in superconductor . In the pas t year. progress was 
made in these three domain · but in thi . annual report we 
shall fc cu. on examples drawn from the la. t two. 

y-tin 

Recentl y mea. urements we re made on th e phon o n 
spec trum of metalli c y- tin (sub titu t ional ~o l id solution 

no.s lno.2) I I I. Thi s crystallographic modification of tin ha. 
;in unusual simple hexagona l (SI I) structure with one atom 
per primit ive ce ll. The ex istence of a nurnher of low 

frequency modes in the y- tin phonon : pec trum renects low 
<; tability of SH . tructure. 

The so ft tran . verse ph onon mode at q = ( I /2 0 I /2) 
(L-point at the Brillouin zone boundary) relate the H to 
th e well -kn own ~-Sn ( white tin ) stru cture. Th e ph non 
frequencies of the L -point mode do not reveal any dramatic 
hange bet ween I 00 and 370 K (the last value i 50 K bel w 

the melting po int ). Th e tempera ture dependen e o f th e 
frequency cems to have a small step in the range between 
140 K and ) I O K where additional ela ti c intemity appear. 
with h stere<; i~ (reminiscent of a " centra l peak'") . Otherv ic;e . 
the ove rall tendency is a sli ght dec rease in frequency 
strongest near the melting point (Fig. I ). 

Superconductors 

The di~cove ry of superconducti vit y in lamellar copper 
oxide materials ha: led to a huge amount of experimental 
and theoreti cal effort to under tancl the mechani 111 of high 
Tc uperconducti v ity . eut ron cattering techniques. which 
can probe lattice and . pin mode . . are appropriate to probe 
both . patial and tempora l nuctuations which could induce 
coupling leading to . uperconducti vi ty . Several groups have 
emharked up n the inves ti gation of latti ce mode . whil e 
other have ·onccntratecl on the magnetic prop rt ie of single 
cry. tal s. 
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Phonon partial density of states in YBa2Cu306.97 

Experiments on determin ati on of the Cu atom parti al 
de nsit y o f v ib ra ti onal states o f th e ceram ic samp les 
YBa2Cu3O6.97 have been performed by using the isotopic 
contrast method in neutron inelasti c scattering. The neutron 
cross-section is proportional to the fac tor cr/M. Thi s fac tor 
fo r Cu 65 i 0. 223 barn /a .u .m . and fo r Cu 6 0 .082 5 
barn/a. u.m . In thi s case the di fference between the spectra l 
di tributi ons found for two samples YB a2Cu3O6.97 wi th 
these isotopic compos itions will thus be proporti onal to the 
Cu atom parti al density of vibrational state . 

The Cu atom vibration spec tra in the superconducting 
sa mpl e ( T c = 92 K ) have been measured at three 
temperatures: 300. 95 and 80 K w ith the co ld neutron 
focu sing TOF spectrometer I 6 (Fig. 2). It changes little as 
the temperature decrease below Tc· The cut-off energy i. 
40 meV at all temperatures. However. the intensity of the 
peak at energy E = 15 meV increa. es a the tempera ture 
decreases from 300 K to 35 K. Such behav iour indicate~ that 
it i s associ ated with anh armoni c C u atom v ibrati ons. 
Recently it was noted that thi s peak increases when the oxygen 
concentration decreases 12] and it was suggested that thi s band 
corresponds to the Cui atom vibrations in the chains Cu 1-0 4. 

Magnetism 
A s in the case of latti ce dy nami cs . recent work in 

m agnetis m ca n be se parated in three majo r domains: 
superco nducto rs, low dimensional ph ys ics and criti ca l 
dynamics in model compounds. 

Spin dynamics in the superconducting and normal states 
of YBa2Cu306+x· 

During the las t yea r, attenti on has been foc ussed on 
metalli c samples w ith T c = 60 K to tucl y th e magneti c 
response in the normal and in the superconducting states. 
Th e ex periment was ca rri ed out on the I 8 three- axi s 
spectrometer. The dynamic magnetic correlations have been 
clearl y observed with very short correlation length clown to 
1.6 latti ce unit for x = 0.69. Thi s correlation length has been 
found to be independent of temperature and energy I 3 J. The 
energy dependence of the magneti c res ponse is mark edly 
different from wh at ha. hee n obse r ve d in th e 
antiferrom agnetic m ateri als. o sharp spin wave- like 
exc itati ons exi st any more but a rather broad response 
ex tends towards hi gher energy as the oxygen content i s 
increased. In the superconducting state, the opening of a gap 
in th e magneti c susce ptibilit y has been demonstra ted 
(Fig. 3) . Furthermore. some uperconducti ng correlati on 
persist up to T ,: 2T c· In the norma l state, the Cu spin 
dynamics is dominated by the presence of carri ers which 
renormalize the energy sca le down to a characteri sti c energy 
related to the density and mobility of carriers. Further work 
is under way to characteri ze the magnetic response and the 
coupl ing to carriers in 90 K YBa2Cu3O6+x ~11perconcluctors. 

A transition from a local moment spin glass to a 
marginal Fermi liquid 

La2-xBaxCuO4 is in an insulating anti ferromagnet fo r 
x = 0. On doping. the three dimen ional magnetic order is 
de,;troyed and there is a metal -in~ularor transition at x """ 0.05 
followed by the on et of supercond11cti vi ty at x ,: 0. 15. 

The magnetic fluctuation spec trum of a nearl y meta ll ic 

single cry ·tal of L a 1 _95Bao .05C uO4 ha: recentl y been 
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investigated [4]. The 'cold ", 'thermal' and ' hot" sources at 
the ILL permit experiments to be performed over a wide 
ra nge o f energy . Some re ult are hown in Fi g. 4 as 
con. tant energy . cans as a function of in-plane momentum q 
th rough ant iferromagnetic zone centre . . 

A t low temperatures (T ~ 8 K) the sample fonns a novel 
two- dimensi onal anti ferrom ag neti c 's pi n-g l ass' w ith 
microdomains of typi ca l si ze 20 A frozen on long time 
cale. (a can be seen in the hw = 0 can). On warming, the 

li fetime of the e anti fe rromagnetic cluster be omes shoner 
and th e 'e l as ti c· pea k d i sa ppear., a. show n by th e 
temperature dependence of the magneti c intensity. Such 
freezing phenomena in spin-g lass systems were first studied 
with neutron. at the ILL by Murani and co-workers [ I 51 . 

Our experiments also demonstrate a strong coupling of 
charge and spin degrees of freedom: there is a dramatic 
increase in th e magneti c flu ctu ati on rate Tif" nea r th e 
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re istance minimum as ocia ted with the cross-over from 
low- temperature insulat ing to hi gh-temperature me tallic 
behav ior. A parti cularl y interest ing fi nding is th at in the 
latter regime. nr - 1/3 ksT, characteri tic of the recentl y 
proposed " marginal Fenni liquid'' [5] which may ex i ti n the 
nom1al state of high-Tc . uperconductors. 

The Haldane gap 

As f irst predi cted by Hald ane [6J. one-d imen ional 
Heisenberg antiferromagnets with integer spin S show a fin ite 
energy gap, EG. in their excitation spectrum. Thi s quantum 
effect is fo und to be max imum fo r the S = I case where 
EG "'0.4 1 IJ I where J i exchange between adjacent spins. 

AgVP2S6 with y 3+, S = I chains has been examined in 
the contex t of the Haldane ground state 17]. The gap for 
mag neti c exc it ati ons has bee n determin ed 10 be 
Eg = 27 ± I meV by TOF measurements on polycrystalline 
samples on the IN4 in trument. 

A modelling of the powder averaged TOF spectra was 
undertaken in order to overcome the lack of single crysta l 
measurements. A simple one-dimensional model can full y 
account for the observed features in a wide range of incident 
energies from 17 to 650 meV (measurements we re also 
made on the HET instrument at RAL). The full analys is 
gi ves a spin - w ave ve loc ity o f C = 150 ± I 0 meV and 
independently a dynamic correlation length of x = 5.5 ± I. 
Thi s compares very we ll w ith the expected relati on x = 
C/Eg. In spite of the strong intrachain coupling, J = 550 K. 
the measurements on DI B have shown that this qua i-one­
dimensional system does not order down 10 T = 2 K. which 
is in agreement w ith the di sordered ID charac ter of the 
Haldane ground state. 

NE P (Ni(C2Hg 2)2 O2(CIO4)) is a good rea li zati on 
of a one-dimensional anti ferromagnet with IJ I equal to 47 K. 
However. it exhibits some magnetic anisotropy. Easy-plane 
D and in-plane E crystal fi eld ani otropies lead to different 
values of the gap for the three different polari zations of the 
excitations. From the values of the three gaps. it wa found 
that 0 /111 = 0. 17 and E/11I = 0.02. A magnetic fie ld applied 
perpendicular to the chain ax is wa predicted [9 ] to induce a 
phase transition corresponding to the softening of the energy 
gap of in -pl ane mode: pol ari zed alo ng the chain ax i s. 
Experiments carri ed out on the I 12 th ree-ax is pectrometer 
[8) have confi rmed the theoretical pred ictions. A lthough the 
max imum va lue of the applied fie ld was 10.33 T . sli ghtl y 
less than the predicted critica l value 11 .8 T . data shown in 
Fi g. 5 de monstrate th e soften ing of the mode wit h 
polarization perpendicu lar to the fie ld. while the other in­
plane mode is not affected. 

Polarized neutrons 

The separati on of the longitudinal from the transverse 
suscepti bi lity ca n be achi eved by the use o f po lar ized 
neut rons. I f th e spin f lu c tu ati o ns are pa r all el to the 
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polari zation P of the neutrons and P perpendicular to Q. then 
the sca ttered neutrons maintain their spin state. A small 
ve rti ca l guid e fi eld at th e sampl e pos iti on direc t P 
perpendicular to Q. If the substance is ferromagnetic and the 
verti ca l fi eld strong enough to saturate the magneti ation of 
the sample. then the on Spin Flip ( SF) cross-section is 
direc tl y proporti onal to the longitudinal usceptibility XL 
(Q ). The Spin Flip (SF) cro. -section in turn is proportional 
to th e transve rse susceptibilit y. Th e situ ati on is ver y 
different if th e . aturatin g fi eld i appli ed hori zontall y 
parallel to Q. Then all magnetic scattering i confined to the 
SF channel. Onl y transverse fluctuations contribute, while 
longitudinal ones are inv isible. This technique is illustrated 
in the nex t two paragraphs. 

NENP 
Q - 10.3, 1,01 
T - 1.45 K 

> 2.0 
Q) 

..§. 
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e> 1.5 X 
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w 
., ., 

1.0 y "E • g>< ~ Hx 

0.5 

20 40 60 80 100 120 140 

Magnetic field along c.axis (kOe) 

fig. 5: £.!feel of"applied 111ag11eti t jield perpendicular to t '1oi11 a.ris 
(:) 011 NENP. (.r) de11111es the j i"e ld direction. The co111i1111011s li11es 
rnrrespo11d to rn lrn la1io11s hy I . Aj/lffk /9/ . 

Kosterlitz-Thoule s phase transition 

The 2-dimensional Hei. enberg ferromagnet w ith pl anar 
( XY ) ani . ot ro py is ex pec ted to undergo a " Kosterlit z­
Thouless "' (KT) phase transition . due to the unbinding o f 
pairs o f spin vorti ces. ear to the criti ca l temperature. 
increas ing vortex numbers are predi cted to ca u ·e rapid 
rcnormal isation of long-wavelength spin wave energies and 
di ffusi ve central peak scattering: the experimental signature 
of the KT phase transition. 

Th ese predi c t ions we re tes ted in th e qu as i 2D -XY 
ferromagnet Rb2 r 14 in polari zed neutron experiments on 
I 12 and I 14 11 0 ). T he in-plane dynamic critica l scattering 
( pin Fl ip and on pin Flip ) of Rb2Cr 14 wa~ measured at 
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. mall wave-vector · q near to the ·'rod·· of diffuse scattering 
characteri sti c of 2D correlation . A small fi eld (H = 0.2 T ) 
was applied to the sample within the easy (XY) pl ane of 
magneti za ti on, to defi ne the spin direction and to prevent 
neutron depolari zation. 

At Tc (-52 K ) the in-plane sca tterin g was clearl y 
separated into a Loren tzian central peak (NSF) due to 
lon g itudinal diffu sive spin fluctuation s and " sharp " 
transver e spin wave (SF: Fig. 6a). At higher temperatures 
the SF scattering could only be fitted with the inclu ion of a 
central peak. which was found to reach max imal intensity at 
- 60 K (Fi g. 6b). Theoretical ca lculation [ I I] predict that 
such a central peak ari ses from vortex diffusion. The data 
were insuffi iently accurate to confirm the predicted squared 
Lorentzian peak shape, but an order-of-magnitude calculation 
of the peak width gave good agreement with theory. 

'"Forbidden" (i.e. NSF) spin waves at finite q were also 
observed for the first time. indicating reg ions in which the 
loca l pin direc tion i perpendicular to the fi eld. Fin al 
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Fig. 6: 
o) NSF (dosed circles) am/ SF (ope11 circ les) srn11eri11g at 
T = I K . q = 0. 8 = 0.2 T. The rn11ti111w 11s lines are fits to the dalll 
of theoretiml d_,·11(1111ic sca11eri11g f1111C1ir111s rn111·ol11red with rhe 
e.rperi111e111ally deter111i11ed resol111io11 ji111ctio11. pl11s hackgro11nd 
011d i11 cohere111 sc<11ter i11g determined separately. 
h) SF sca11eri11g ot T =60 K. q = 0. 8 = 0.2 T. The co11ti1111011s l ine 
is a fi t ro the data co111prisi11g sharp sp i11 w<11 ·e. (short dash ) and a 
sq11ared-Lore11t:ian central peak predicted to arise from \'{)rfe.r 
dijji1sio11 (do/ dash). pl11s separately de1er111i11ed n11cleor 
i11cohere11t sco11eri11g ( long da.1h ). 
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confirmation of the existence of vortices re ts to ome extent 
on the formulation of a more complete theory of diffu ive 
critical scattering in such a y tern . 

Longitudinal fluctuations 

The experiment on critica l dynamic of EuS [ 12) was 
performed on the triple ax is spectrometer l 12 working at 
fi xed final energy Ef of 3. 13 me V, and equipped with the 
polari zation analysi setup to separate the longitudinal from 
th e transve r se susceptibilit y (g uide fi eld on sampl e 
H = 5 x 10-4 T ). ln order to compare the experimental result, 
the parametri zed magnetic cro s- ection calculated in the 
Mode Coupling theory u ing the Lorentzian approximation 
[ 13) was used: 

( I ) 
I r a 

Sa(q,ro) = 2ksTxa(q.T) n 2 -2 
(h ro) + I a 

Thi s cro s-section was convo luted wi th th e 
4-dim ension al resolution fun c tion for th e pre sent 
confi guration of l 12. Th e q-dependence of rL 
demon trates th at the lon g itudin al flu ctuation s are 
ignificantly suppressed for q < qd, where dipolar effects 

become significant. 

To provide a direct compari on with the Mode Coupling 
theory, all fitted Lorentzian linew idths of the longitudinal 
fluctuations were normali zed to the (hypothetical ) linewidth 
of the isotropic system at Tc, 

(2) 

and these are shown in Fig. 7 plotted against the sca led 
inverse correlation length K/q , using for K the theoretical 
value 0.55 A- I (T/Tc l)0.69_ A l o indicated are the dynamic 
scaling functions of the Mode Coupl ing theory [ 13] for the 
three different temperatures under investigation depending 
on the dipolar scaling vari able qd/k(T) (solid l ine Fig. 7). 
This repre entation does not involve any free parameters and 
is in agreement with the theory within the experimental error. 

Disordered ferromagnets 

Dilute AuFe amples (Au Fe 18 % and 16 % ) close to xc 
(xc = 15 .5 Fe at % ), the thre hold between the ferromagnetic 
and the spin g l ass ph a e. have a tron gl y di so rd ered 
fe r ro magneti c ph ase below T c and a coex i tence of 
ferromagnetic and spin glass behav iour below Tg [ I 5) at 
lower temperatures . 

The criti cal cattering of the e disordered ferromagnets 
was measured at Tc in a wide range of q ex tending from 
0.03 up to 0.2 -I [ 14). The combination of at lea tan elastic 
(Gaus ian) and a quasi-elastic (Lorentzian) contribution was 
necessary to account for the experimental S(q,ro) vs. w 
spectra at Tc (respecti vely 93 K and 144 K for AuFe I 6 % 
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and 18 %) as well as at high temperature (up to 250 K used 
as a paramagnetic reference). 

The width of the quas i-e lastic Lorentzian fo llows at Tc 
the ame scaling law as a function of q mentioned above for 
the pure compound EuS (eq. 2) but with a lightl y varying 
dynamical exponent z (Fig. 8): z(AuFe 18 %) = 2.48 ± 0.1 
and z(AuFe 16 %) = 2.2 ± 0. 1 . 

At all temperatures the relati ve weight of the elas ti c 
component increases with increasing q and with decreasing 
temperature: the elas ti c intensity increase between 250 K 
and Tc vari es between 2.5 and 1.4 in the q-range from 
0.1 A- I to 0.2 A -I . Such a strong temperature dependence 
implies that , at Tc a very important fraction of the elascic 
peak i of magneti c origin . Thi would di tinguish these 
disordered ferromagnetic samples from usual ferromagnet 
such a EuS, where at Tc the magnetic intensi ty is onl y 
described by eq. 1 and 2. 
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Inelastic Neutron Scattering and lattice dynamics 

H. Schober and B. Dorner 

A ked about what can be done with inelastic neutron 
cattering many cientist would spontaneously an wer: 

One determines phonon dj per ion curve . 

Although the main scientific activity in inela tic 
cattering ha shifted to the field of magnetic excitations 

and magnetic critical phenomena, the field of structural 
dynamics till cover a wide range of investigations not 
only in cry talline materials but also in amorphou and 
liquid tates as well a substances of intermediate order 
such as polymers. 

Here we would like to give ome examples of recent 
developments in the classical domain of tructural 
dynamics, i.e. the determination and interpretation of 
phonon frequencies and eigenvectors. This field wa 
pioneered by B.N. Brockhou e in the fifties and let to a 
world wide activity in the ixties and seventies. 

Phonons are elementary excitations of a crystal 
arising from the collective movement of the ions. For 
each wave vector there are 3r different modes of 
vibration where r is the number of atoms in the 
primitive cell The frequencie and eigenvectors of these 
mode are entirely determined by the interactions 
between the ion of the cry tal. 

The experimental determination of these frequencie 
and as far as possible the determination of their 
eigenvectors provides therefore the basi for the 
con truction of micro copic models of atomic interactions. 

A the intensity (visibility) of a certain mode is solely 
determined by it eigenvector, it experimental 
determination become more complicated the lower the 
ymmetry and the higher the number of atoms in the 

primitive cell of the substance under inve tigation. Thi 
ari es because the lower symmetry impose less 
con traints on the eigenvectors. Therefore the 
inve tigation of phonon has o far mainly been limited 
to highly ymrnetric crystals having not more than two 
atom per primitive cell. 

The advent of the hjgh Tc superconductor ha shown 
that the knowledge of phonon dispersions is highly 
de irable al o for more complicated structures. This i 
only po sible if the experiment and the models used to 
interpret the data advance imultaneously. The fir t 
experimental results allow the con truction of a crude 
model. Thl model predicts the frequencie and visibility 
of the modes enabling the continuation of the 
experiment, which in turn leads to a refinement of the 
model and so on. 
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As mentioned above, a complete investigation of the 
lattice dynamics of a cry taJ requires the determination 
of the frequencies as well a the eigenvector . So far, 
however , nearly exclu ively frequencies have been 
measured. Whil t the frequencie are imply taken from 
the po ition of the measured peak , the determination of 
the eigenvectors make it nece ary to determine the 
intensitie of the particular mode in many zone of 
reciprocal pace. We will how later how the knowledge 
of a few eigenvector can be decisive in selecting the 
most appropriate lattice dynamical model from several 
which de cribe the phonon frequencie with comparable 
quality. 

First, we wish to pre ent ongoing investigations on 
quartz (SiO2) and sapphire (A12O3). The e material are 
of particular intere t because they contain the highly 
polarizable oxygen ion . H. Bitz devoted much of his 
effort to tudy this polarizability and it plays an e ential 
role in many theories attempting to explain high Tc 
uperconductivity.Through a combined theoretical and 

experimental effort as described above, we were able to 
determine the frequency as well as the ymmetry of 
nearly all the phonon branches for certain high ymmetry 
direction in quartz and apphire (l]. 

Jt has turned out that exi ting models of the rigid ion 
type adju ted to fit only the low frequency part of the 
di persion curves neither reproduced the frequencie nor 
the inten ities of the higher branches. There wa no way 
of ubstantially improving these models without 
introducing highly unphysical interaction . Only after 
allowing for the polarizability of the oxygen ion by u ing 
a simple hell model were we able to reproduce the 
experimental re ult ati factorily ( ee Fig. l ). 

There is no ingle set of hort range interaction but a 
variety of hell model which reproduce the experimental 
result equally well. All of them indicate a rather high 
charge on the oxygen ion. In the ea e of quartz a well a 
apphire we get value in between 1.5 and 1.8 elementary 

charge . We therefore conclude that the oxygen ion is 
very clo e to a o2- configuration. The oxygen charge i , 
however, strongly creened giving effective charge of 
1.0 e - 1.2 e for all model . 

Contrary to what could be exp cted we found neither 
a po itive influence of valence force on the reproduction 
of the disper ion curve nor could we adju t bond charge 
models to the experimental data. 

Although our model are rather crude they clearly 
indicate that the lattice dynamic of quartz and apphire, 
at least for the investigated high symmetry direction , are 
dominated by the screened Coulomb interactions 
together with imple repulsive potential between neare t 
neighbour ions. Quartz can therefore not be treated a a 
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Fig. 1 Dispersion curves of a-quartz at 25 K. The 
experimentally determined f requencies are described by a 9 
parameter shell model. The 3 irreducible representations have 
been unfolded for clarity. 

cova le nt c rys tal nor can sapphire be cons id ered a 
molecular crystal . 

We want to point out th at it appears absolutely 
nece sary to measure at least two different symmetry 
directions. In particular in the case of sapphire, models 
whi c h we re adju sted o nl y to th e da ta of th e fi rst 
measured direction, poorly reproduced the frequencies of 
the other directions. 

Althou gh the meas ured intensi ties helped us in 
constructing the lattice dynamical models, we have not 
yet undertaken a detailed eigenvector determination. 

In the case of GaAs not o nl y have the phono n 
dispers ion curves been measured with higher precision 
and for more symmetry di rections but, in add ition, the 
eigenvectors at 2 symmetry points the X- and L-points 
have been determined [2]. 

Eight different lattice dynamical models have been 
adj usted to the data. Two of them, the rigid ion and 
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deformable dipole model, were ruled out because the 
eigenvector at the L-point was predicted completely 
inco rrec tl y . A she ll model with 14 param e ters 
reproduced the e igenvec tors and also most of the 
frequenc ies very well but there were discrepancies 
around the W-point (see Fig. 2). A bond charge model 
with only 6 parameters showed an equally good overall 
agreement but with discrepancies for frequencies at the 
zone centre and the X-point. Th erefore it was not 
surprising that the e igenvector at the X-point was not 
predi cted correctly by thi s model. Summarising, this 
analysis showed that the experimental data now available 
for such an important substance such as GaAs can not be 
explained satisfactoril y by any existing lattice dynamical 
model. 

If one repl aces th e two di ffe re nt atom s in the 
structure of GaAs by two identical ones, such as Si, one 
obtai ns the diamond structure. In contrast to GaAs, in Si 
the eigenvectors at the L-point are fi xed by symmetry 
and the eigenvectors of the longitudinal modes in the L 
direction (r-L) are full y determined if one knows the 
phase angle describing the relative motion of the two 
subl a tti ces . Thi s ph ase angle has bee n determined 
ex pe rim entally [3] . An e ige nvec tor de te rmin ation 
represents a de li cate ex perime ntal study beca use 
spurious effects may contribute to the intensities and 
fal sify the results. In the case of Si there exists a sum rule 
for the intensities of the longitudinal modes which we 
used to check the experimental results. In addition, we 
co mpared th e observed width s of th e peaks w·ith 
predictions from resolution calculations (see Fig. 3). 

Four model calcul a ti ons were ava il abl e whi ch 
described the phonon dispersion comparably well: a full 
quantum mechanical density-response calculation (DR); 
a semi-quantum mec hani ca l parti a l-density model 
(PDM); and a phenomenological valence force fi eld 

X r 6 X Z W Q 

Fig. 2 Dispersion curves of GaAs at 12 K. The experimentally 
determined frequencies are described by a shell model. The 
arabic numbers indicate the group theoretical irreducible 
representations. 
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model (YFFM) a well as a phenomenological bond 
charge model (BCM). As can be eeo from Fig. 4 only 
the bond charge model can reproduce the experimentally 
determined pha e angle of the eigenvector. Thi how 
that the knowledge of the eigenvectors can play a 
deci ive role in the evaluation of different lattice 
dynamical models. Needle to ay that a fundamental 
under tanding of the lattice dynamic of Si is highly 
de irable. 
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The year 1990 has been the one of forced reactor shut­
downs. The e events produced some problems concerning 
th e norm al sc hedul e of th e ex perim ents. An oth er 
consequence has been the shortening of the available beam 
time for the february proposa ls. M any good propo als have 
not been accepted due to th is fact. However. the number of 
experiments and submitted proposals Lo the sub-committee 
of oc tober have increased. I 824 days were reques ted for 
co llege 5, only 862 could be allocated. 
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Scientific Highlights in 1990 
Advances in Powder Diffraction Data Analysis 

Since the beginning of the year I 990 the new computer 
program FULLPROF, deve loped at the ILL, has been 
ava il abl e. Apart from the standard multiphase nuc lea r 
Rietveld refinements (X -ray and neutrons), the program has 
many other important features of which we point out three: 
(i) refinement of commensurate magnetic tructures, (ii) full 
account for anisotropic broadening of Bragg peak due to 
mi cro train s and ( iii ) " pattern matchin g" of th e full 
diffraction pattern without prior knowledge of the crystal 
structure of the compound. 

( i ) The magneti c structure refinement i per fo rmed 
considering the magnetic part as a eparate phase in which 
the appropriate constraints (using the parameter codes) have 
to be introduced. For instance the scale factor, the magnetic 
and the chemica l unit ce ll , and the magnetic atom positions 
have the same parameter number as their nuclear counterpart 
but with the appropriate multiplicati ve fac tor. As an example 
of magneti c struc ture refin ement Fi g. I a show good 
agreement between obse rved and cal culated patterns for 
Ho2Cu 2O5. The magnetic structure can be described by a 
propagation vector k=I0 1/2 0] and the magnetic modes: 
l G ( I >x +G (2)x, A ( I )y- A <2\, C( I )z+C(2)z I and 
(A( l )x+AC2\ , 0, 01 for the two Ho sites and for the two Cu 
sites in the chemical unit ce ll respectively. 

(ii ) The ani sotropic broadening of the Bragg peaks due to 
strains is taken into account using a generali zed formulation 
of microstrains in term of ce ll parameter fluctuations and 
correlation . As an example we give in Fig. I b part of the 
diffraction pattern of Pr2NiO4 at I .SK on D28 . In this case 
the microstrains are due to a phase transition from Bmab to 
P42/ncm at 120K. the low temperature phase is tetragonal on 
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Figure I (a) . Diffim·tio11 pal/em of H o2C112O5 oh1ai 11ed at 1.5K 011 

D I B. The nuclear dijji·ac1io11 pat/em p lus /J(lckg1·01111d are i11c/11ded 

in 1he p lot as a s11p leme111ary /'onti1111011s l ine. The second row of 

reflec1io11 markers corresponds 10 !he rnag11e1ic ref/eelions. 
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average but local ly orthorhombi c [Peen, a1 =aT( 1-EJ ). 
b1=aT( I +EJ ) I the microstrain parameter being E2 = ,e2,,. 
The broadening of the peak i de cribed by the formula 
given in the figure. 

( iii ) The meth od of " pattern matching" consists of 
e timating the integrated inten ities of an unknown tructure 
without u ing the least squares optimization. The method i 
appli ed by iteratin g th e formula given by Ri etveld to 
calculate the -- ob erved " integrated inten. itie in order to 
introduce the nuclear R-factor. To be used successfull y. this 
method requires a good e timation of the ce ll parameters, 
background and profil e parameters. At variance with the 
Pawley approach (constrained least square ·) the " pattern 
matching'' method is much more stable and less computer 
time con uming. In Fig. I c we give the diffraction pattern 
co1Te ·ponding to YIG a taken on D20 for A= 1.36 fitted 
with the pre ent procedure. 

The ··pattern matching" meth od ca n be appli ed, in 
addition to the co nve nti onal Ri etve ld meth od, ju st 10 

es timate the R factors coming only from the model for the 
profile parameters. 

Crystallography of on Magnetic Systems 

Phy intercalation of alkanes in cae ium graphitides 

Graphite is a host tructure which can be intercalated by 
variou atoms or molecule . The resultant compound has the 
property of structuring in stages, i .e. the interca lated spec ie. 
fill one interlayer every n graphite planes, where n is the 
stage of the compound . on polar molec ules (H2 , 2, 
methane, n-alkanes, etc) can be reversib ly in tercalated in 
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400 
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Pr2 iO4 
( 1.5K - D2B - t.. = 1.59 A) 
P4i/ncm, a=5.50 , c= 12.16 
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Figue I (h). Part of the dijji·actio11 pattern of Pr7NiO4 obtained at 

1.5K 0 11 D28 . At tlte top of tlte fig ure, the calrnlated pro/1/e ll'ith 
E =0 sltnws tlte dramatic effect of 111icmstrai11s in tlte width of !lie 
Bragg peaks. 

40 

alkali graphitides. Since the so rpti on invo l ve both an 
increase of the c parameter and van der Waal interactions, 
we ca ll it PHY SI TERCA L ATIO . 

The evolution of the reaction between n-a lkane • and 
C C24 or CsC36 was inves tigated by rea l-time neutron 
diffraction on the DI B di ffractometer at the ILL The data in 
Fig. 2 show that the interca lation of n-hexane in the 2nd 
stage CsC24 yields a mixture of a 2nd tage ternary and a I t 
tage ··c Cg", wherea in the 3rd stage CsC36 only a pure 

2nd stage ternary is found. The area density of the caes ium 
is smaller in the ternary layer th an in the starting binary 
layer due to either the formation of binary domains rich in 
alkali metal (CsCg) or to the tage lowering produced on 
pa sing into the ternary pha e. Thi s parti cular behav iour 
must be co1Telated with ca lculations of M adelung energy of 
I st stage alkali graphitides. which shows that an increase in 
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Figure I (c). D(ffraction pallem of YIG ohtained lll room 
temperature 0 11 D20. Tlte calrnlated proj1/e is obtai11ed wi1ho111 a 
s1m<·1ural model using 1/te ··pa11em 111atclti11g·· procedure. 

[c ( ) 
Stage 2 binary 9.37 
Stage 2 ternary I 0.17 
Stage I binary 5.96 

00181 

OOIT2 

003T2 

C C24 + n-Hexane Ta= 327 K 

Figure 2 3D fJIO I of dijjra('fio11 {Jal tem s of sC2.; + 11-lte.1t11 1e a .1 a 

ji111c1ion of 1i111e and pressure. 
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the interlayer di:..tance always involves an increase in the 
C/M ratio for maximum tability. 

The process of intercalation in graph ite intercalation 
compound · is little known . H ypothe ti cal model~ are 
proposed but no experimen tal methods are suitable for 
confirming this proces~. In the case of our fir. t investigation, 
no rea li '.> ti c model is avai lable to exp lain the structural 
j uxtapos ition and si ze of I t st~ge binary and 2nd stage 
ternary domains. 

Cons idering th e diffusion o f large molecules in the 
interlayer space of graph ite intercalation compounds from 
th e edges, we co uld predict an ex pul sion of the Cs ion 
around the middle o f the grain. A neutron topographic study 
carried out on S20 with a CsC24 highly oriented pyrolytic 
graphite pl atelet. interca lated into n-pentane allowed the 
spatial observation of the phases within the samples. It can 
be seen in Fi g. 3 that the I st stage CsCg and 2nd stage 
ternary domains are superimposed. Moreover the middle of 
the platelet docs not correspond to a diffracting domain . Thi s 
is proof that the molecul es diffuse from the edges of the 
sa mpl e. The fact th at the expell ed Cs ions stay near the 
ternary structures. may be explained by the formation of 
kinks minimizing the elastic constrain or the layer plane. 

Why are manganese dioxide batteries not rechargeable? 

The fonn of manganese dioxide known as y- MnO2 is the 
active component of Leclanche primary batteries. Although 
these balteries have been U 'ed for more than a century. the 
struc ture of MnO2 and the atom ic sca le mechanism of their 
reduction in alkaline balteries were not ye t understood. In 
particular the origi n of the non-reversi bilit y of the reaction 

Fig11r<' 3 . T/lf)/lgraphs t!( the .rnp<'ri111posi1io11 of the / .11 swge hinarr 

C.1C8 ( at leji / and :!11cl swge temarr domain., ( m right/ . 
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MnO, + H+ + e- -> MnOOH. which implies th at ~uch 
batteries are not rechargeable. has not been unambiguously 
identified. Using a new method of charac teri zation of the 
defect structure of y-MnO2 two commercial sample were 
se lected for in situ investigation by real time neutron 
powder diffraction : i) an internationa l reference ·ample 
(IBA- I I ) whose structural arrangement is close to that of the 
minera l ramsdellite and ii ) a commerc ial sample (Sedema­
WSA) whose structure can be described a a stochas ti c 
stack ing of single (ruti le- like) and double (ram:..dellite-like) 
layers of edge-s harin g oc tahed ra I MnO61- Using an 
elec troch emi ca l ce ll desig ned for neutron powde r 
diffract ion. the potentiostatically controll ed reduction of 
these two sample from MnO2 to MnOOH was monitored 
on DI B and D 20 w ith a tim e reso luti on of I O and 30 
minutes respectively. In sp ite of the ra ther bulky samp le 
environment. it was poss ible to analyse the data (Fig. 4) by 
profile refinement using the new program FULLPROF. The 
res ult s show , fo r th e first tim e. that th e stru ctural 
tran sfo rmati ons taking place in y-MnO2 during battery 
discharge depend q11a/i,a1i, ,e/y on the qua111iry of defec ts in 
th e starting materi al ; they also provide ev idence that the 
reduction proceeds throu gh three different stages and that 
the reversibility of the elec trochemica l process in ac tion in 
L ec lanche batteries is fundamentally limited by th e 
structural defects present in most commercial samp les of 
MnO2. (Collaboration with Univcrsite J. Fourier and INPG. 
Grenoble) 

Charge transfer and superconductivity 

in YBa2Cu306+8 

One of the most cited papers on supe rconducti v it y in 
1990 wa: the C RS -ILL-Bell laboratories experimen t of 
Cava er al. I I I which showed that Tc in YBa2Cu3O6+8 wa!\ 
directly related to charge transferred to the conducting uO­
planes by ox idat ion of the intermed iate ·charge reservoir' 
CuO-chains. 

Fie. 5. where the valence charge was ca lcu lated from the 
Cu-O ~bond length · measured on D'.2B. shows that Tc follows 
th e ame functional dependence on oxygen co ntent. 

Typical lines for 
a new phase 

Diffrac1io11 diagram for 1he 
inilial material y-Mn02 

Figure -I. 3D plm rf di.fjiac1i1111 pa11em.1 ti/' y-M1102 as aji111c1io11 

of time . 
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including the fa mous 60K plateau . The neutron wo rk 
emphas ized the importance of the 'apical ' oxygen atom 
which connects the CuO-planes to the 'charge reservoir ' 
layers in many of these superconductor . Of particular 
interest is that it was just this 'apical ' oxygen atom that was 
so important in Bednorz and MUiler ' s orig inal idea for 
copper oxide superconductors; thi s neutron structural work 
has helped revive interest in non-magnetic explanations of 
superconductiv ity. 

Later in 1990, these measurements were extended by a 
Zurich-Grenoble experiment to investigate anomalies in the 
length of the c-ax is near 8=0.9. The c-ax is contracts with 
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Fig11re 5. The ILL-D28 resu/1s of Ca\'CI e/ al./ I/ showing !he Tc of 
Y8a2C113O6+8 as a ji111c1io11 ofx (a) rejlec1ed in the changes in 

!he C112-OI apical dis!ance (h}, implying charge lransfer 10 1he 
cond11uing C112 planes wilh o.rid(J{ion and decreasing .r (c). 
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oxidation , due to the shortening of the copper to apical 
oxygen length, but for 8<0.9, the c-ax is was found to expand 
again (Fig. 6). The reason was show n to be an increased 
'buckling' of the conducting Cu-O plane, due to the oxygens 
moving further out of the plane of the coppers. This effect 
may help explain why TG plateaus at 90K in YBa2Cu3O7 , 
whereas in very simi lar materials it can go much higher. 
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Neutron diffraction up to 2000 K 

The main interest of the work was the investigation of 
structural changes of some high-melting oxides and silicates. 
Samples used were : 

- ZrO2, a compound with a great variety of applicat ions 
in the ceramics industry 

- ZrSiO4, a mineral which plays an important role in 
geochronology, refractory research and, due to its ability to 

accept Uranium and Thorium a cations, as a simulator for 
radiat ion damage occurring in nuclear waste containers. 

Since all these material s cha nge their behaviour in 
absence of oxygen, there is great interest in examining these 
compounds at high temperatures in air. This was carried out 
with the 'mirror furnace' from the crys tallographic institute 
in Munich (see ILL Annual Repo rt 1989). This furnace 
made it possible to ca rry out powder and sing le crys tal 
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Fig11re 6. The ILL-D28 res11l1s of Ka/dis el al . /2/ showing !he 

anomalous beha1•iour of !he c-axis of YBa2C113O7_x due 10 

increased buckling of !he CuO-p/ane. which may be associa1ed 
wi1lt !he 90K p/c11ea11 in Tc . 
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ex perim ents on D2B and D 19 up to 2000 K in air thu s 
reflecting the rea l behaviour of all these samples during their 
applications. 

a) Single crys tal studies : 

The use of D 19 with the 'mirror furnace' gave us the 

possibility of examining ph ys ica l effec ts which have not 

previousl y bee n observed due to the lack of both the 

advantages of a nearly background-free furnace and a large 

PSD, like that of D 19 : 

In th e case of ZrSiO4 the annea ling process of the 
hea vily di stort ed l atti ce w as observed from room 

temperature up to 2000 K using natural minera ls. A few 

refl ec ti o n we re m eas ured eve ry 100 K showi ng a 

remarkably fas t annealing process around 1200 K. 

Beside this qualitative analysis some temperature points 

(room temperature, 800 K, 1573 K, 1823 K) were used for a 

complete data co llec tion with following structure analysis 

y ielding interes tin g res ults of higher order temperature 

coefficients reflecting the stati c disorder of the materi al. 

Fig. 7 shows probability density functions of the oxygen in 

zirco n with th e tendency of minima in direction to the 

neighbouring ca ti ons at room temperature due to st rong 

static disorder. The disappearance of these minima at higher 

temperatures can be explained by the decrease of stati c 

disorder at higher temperatures and the shift of the function 

towards the Si cations by a start of rotational processes of 

the tetrah edra due to a growin g mi sfit between th e 

polyhedral units. 

A second project was the investigation of the monoclinic 

to tetragonal (martensitic) pha ·e transition in ZrO2. For this 

purpose some very rare baddeleyite crystals were used to get 

information about tempera ture and the widely di sc ussed 

orientation of the new phase in relation to the old monoclinic 

one. Fig. 8 shows the ri se of a tetragonal peak nex t to the old 

monocl inic peak within the short interval of I O K proving 

the sin g le crystal character of the tran sformation and 

showin g th e impo rtan ce of a l arge PSD for such 

experiment s. Further structural studies generated a simple 
orientational connection between the two phases. 

b) Powder diffraction : 

The powder ex periments were mainl y carri ed out on 

D2B. The good co llimation of the instrument was useful in 

retaining aluminium peaks from the detectors. 

In order to examine the structural properties of ZrSiO4 
up to 1900 K powder patterns were measured every I 00 K 
and after 1400 K in steps of 50 K. Rietveld analys is of the 

data brou ght many new and unex pec ted features of the 

structure, e.g. a displacive phase transition near 1200 K. 

The question of the decomposition temperature was also 

so lved since at 1850 K the first peaks of tetragonal ZrO2 rise. 
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Figure 7. Prohahiliry densitrfi111crin11 r1f n.rygen in :irco11 at room 
temperature (a) and /823 K (b). 

Location of hydrogen atoms in large metal carbonyl 
clusters 

Studies of hydrogen deri va ti ves of polynuclear metal 
carbony l compounds are of interest because their reac tions 
and structures may be relat i ve ly eas il y studied and they 
provide the closest molecular analogues to the processes that 
occur on bulk metal surfaces during important ca tal y ti c 
processes such as hyd rogenation . Additionally they are 
novel material s of as yet untapped potential ; for example, 
rece nt work shows th at th e l arge c luster dianion 
[Os I 0CCCO)24] 2• supported on inert matri ces ca tal yses 
hydrogenation of olefins. 

Several modes of H-atom bonding to cluster surfaces 
have been estab li heel from X-ray and neutron diffraction 
studies. and these include examples of the ligand bonded to 
from one to as many as five metal atoms. The first H-atom 
to be discovered in side a ca rbony l c lu ster was in th e 
monoanion lHRLl6(CO) I 8l" : the overa ll close-pack ing of 
the carbony l li gand s provided ev idence th at a surface 
location would be impossible and therefore an interstitial si te 
at the cen tre of the Rll6 octahedron was proposed, and this 
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was subsequentl y confirmed by neutron work at ILL. Ba ed 
on simil ar argument , of v irtual c l ose-pack ing of the 
carbo ny l array cover i ng th e c lu ster surfaces, intern al 
locations have been proposed for H-ligands in a number of 
large cluster of o mi um or ru thenium, all of which have 
giant tetrahedra l metal cores which can be env isaged a 
tetracapped o tahedra. 

The firs t neutron diffraction study (on DJ 9) of one of 
the e decametal specie , the [ I P(C6H5)3 l2]+ sa lt lH4Os I o 
(CO)24J2-. has unexpectedly shown that all four hydrogen 
l igands are on the cl uster urface, two in edge-bridging µ3-
sites in the centre of the large triangular face of the metal 
core. A 50:50 di o rder o f one of the µ2- H atom · wa 
apparent, and ha been interpreted as indicating an equal 
d i stributi on th ro ugho ut th e cry . tal of two isomer of 
[H4Os 10 (CO)24J2-, (A) and (B), i llustrated in Fig. 9a and 
9b. A 50:50 disorder of carbony l CO (82) adjacent to the 
two bridged edges prov ides support for this model. 

The H-atoms are in parti cularly congested sites on the 
cluster surface and those bridging the central Os3 triangles 
are overlapp cl by the van der Waa l radii of the surrounding 
carbonyl I igands (see Fig. 9c and 9d). The apparent tolerance 
for very close H ... C(carbony l) contacts (range 1.953 to 2.24 1 

for the shortes t di stances to each H-a tom) reduces the 
va lue of the usual criterion applicable to indirect location of 
H -a toms in small er mo l ec ul es. The success o f thi s 
experiment in es tabli shing H-atom locations, unpredictable 
fro m the X- ray data, demonstra tes an e. senti al ro le fo r 
neut ro n di ffrac ti on i n th e chemi t ry of large hydrido 
clu sters. (Co llaboration w ith T he Pol y technic of orth 
London and Cambridge Univer ity). 

First neutron diffraction observation of oxygen ordering 
in 123 high Tc ingle crystals 

It i s we ll estab li shed th at th e hi g h tempera ture 
supe rco nducti v it y in YB a2C u3O6+8 results from th e 
electronic . tructure of the basal CuO planes. While the well 
ordered compound w ith 8=0 is insulat ing, superconducti v ity 
appea r at hig her oxyge n co nce ntrati ons due to th e 
in troduction of highl y mobile holes in the in -pl ane oxygen 
orbitals. Electron microscopy indicates that the ordering of 
the oxygen atom w ithin these basa l pl ane is a cruc ial 
parameter for the sup rconducting transi tion temperature 
T . So fa r however, the oxygen orderi ng ha not been 
observed with neutrons except for the tri vial case of the end 
members with 8=0 and 8= I. eutron diffrac tion studies are 
cruc ial for a definite unders tanding o f the connec ti on 
between oxygen ordering and superconducti vity, since onl y 
thi s meth od combines th e spa ti al reso luti on w ith th e 
sensiti vity to bulk properti es. 

We have carried out a single crystal neutron di f fraction 
stud y of a 8=0.35 sample on th e fo ur-c irc le tripl e ax is 
spec trometer DI 0. uperstructu re refl ec ti ons have been 
found in the (hk0) layer which have been indexed in an eight 
times larger superl atti ce ce ll 2V2 ax?.ff axe (diagonal ). 
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(a) (6) 

(c) (d) 

Figure 9. (a) and (b). Th e two isomers . (A) and (8 ). of 

{H4Os10 (CO)24 J2-. d iffering mainly in the position rif'one 

of the fo ur hvdrido ligands (fi lled circles). obsened in the 

{N{P (C6H5)3]2 J+ salt . Spacefilling Fiews of isomers (A) of the 

two large triangular faces that co11rain hydmgen atoms in µ.::-sires 
(filled atoms). 

From the negligible intensity variation between 300K and 
4 1 OK > TN = 390K we conclude that these peaks are not of 
magnetic ori gin. Their intensities are about I o4 to I o5 times 
sm all er th an fo r th e m ain Bragg peak s. Since th ese 
superl atti ce peaks appear at commensurate pos itions (e.g. 
( 1/2, 1/2, 0)), special care was taken to determine the higher 
order contamination of the neutron beam (8 . 10-5 for 11,/2 at 
11, = 2.36A) and to exclude a Renninger effect. For thi s task, 
the combination of four circle geometry and analyzer proved 
essenti al. 

Th e m easured stru cture fac tors o f th e superl atti ce 
refl ec tions could well be reproduced with a model of the 
basa l plane oxygen ordering as shown in Fi g. I 0: " hal f­
filled " CuO chains alternate with " quarter-fill ed" chain s. 
Thus each oxygen atom has oxygen vacancies as first and 
second neighbours. H owever, onl y 15 % of the oxygen 
atoms in the basa l CuO layer take part in the long range 
o rd er whi ch ex pl ain s th e di ff ic ulti es to obse rve thi s 
superstructure. 

In co nc lu sio n , we have repo rted th e f i rs t neut ro n 
di ffrac ti on ob se r vat i on of oxyge n ord erin g in a 
YBa2Cu3O6.35 compound. Theoretica l calculations of the 
oxygen ordering phase diagram have now to be ex tended to 
ex plain th e obse rv ed superstructure. Thu s interac tion 
energies can be determined between the oxygen atoms which 
are the charge-reservo ir for the superconducting carriers. 
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Crystallography of Magnetic Systems 

Investigating the magnetic structure of MnW04 

MnWO4, space gro up P2/c, i s k now n to o rde r 
antiferrom ag neti ca ll y below 14 K / I /. Susceptibilit y 
measurements on one of our powder samples con finned thi s 
res ult , but in addition to th e usual antiferromagnet ic 
behaviour two minima occur, at 12 K and 7 K respecti ve ly. 
They show that there are at least two magnetic transitions in 
the given temperature range. 

T he spec ific heat versus temperature curve, measured on 
our single crystal has three anomalies which are indicati ve 
of three, not necessaril y magnetic, phase transitions. 

A simi lar curve was already obtained by L andee et al. 
/2/, who measured the specifi c heat of a MnWO4 powder 
sample, which was pressed to a pellet. 

Neutron powder diffraction experiments were carried out 
on D !B. In the temperature ranges of 1.2 K -7.5 K and 7 K -
13 K respec ti ve ly , tw o di ffe rent magneti c ph ases were 
detected. 

The lo w temperature ph ase co uld be refin ed with a 
model given by H. Dachs, E. Stoll and H. Weitze l / I /. These 
authors found by neutron diffraction on a single crystal that 
at 4.2 K the magnetic structure of MnWO4 has a peri odicity, 
which in direc ti on of the a-ax is i s four t imes that of the 
crystal latti ce, the other two lattice constants being doubled. 
The magnetic moments are collinear in the a-c-pl ane. 

The preceding. so far unknown , magnetic phase does not 
have a peri od icity in rec iproca l space. w hi ch co uld be 
ex pressed in sim ple ra ti onal fr ac ti ons of the nu c lea r 
peri odicity. The propagation vector. which was found from 
the peakpos iti ons of the powder pattern , by means of a 
method desc r i bed by B .M . Kn app , F. Sinc lai r and C. 
Wilkinson /3/. is q = (- 0.205, 0.495, 0.457). 

• • • • • • • • • • • • • • • • • • 
• • • • • • 
• • • • • • 
• • • • • • • • • • • • • • • • • • 

Figure JO. De1fred oxygen superstructure in rhe based plane of' 
YBa2Cu3O6.35. Small circles represenr Cu. big circles represent 

0 atoms. Also shown is the diagonal superstmcr 11re 1111i1 cell 

of'dimensions 2V2 ax2 V2 axe 
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Now ingle crystal experiments have to follow. in order 
to search systematica ll y rec iprocal space for satellites of the 
fom1 K± q, K being a reflec tion of the nuclear structure. 

References 

/ 1 I H. Dachs, E. Stoll, H. Weitze l. Z. Kri stallogr. 125, 
120- 129 ( 1967) 

/2/ C.P. Landee. H.F. We trum. 
J. Chem. Thermodynamic 8. 663-674 ( 1976) 

/3/ B.M . Knapp, F. Sinclair, C. Wilkinson, 
J. Appl. Cryst. 7. 370-372, (1 974) 

Incommensurate magnetic short range order in MnS2 

V alu abl e in fo rm ati on abo ut m agneti c interac ti on 
parameters and the mechani sm of magnetic phase transitions 
can be obtained from neutron cattering in ves tigations of 
spin corre lations in the paramagnetic phase. Thi s has already 
been exempli fied in the ILL Annual Report for 1989. Here 
we wa nt to present th e ys tem MnS2 as a parti cul arl y 
interesting example of a face centred cubic antiferromagnet 
which i well known to be inherently frustrated. Mn2+ ions 
in MnS2 have a sphericall y symmetri cal 6s5/2 ground state. 
The peculiarity of thi s sys tem is that it undergoes a first 
o rde r ph ase tran siti on int o a ty pe Ill sin g l e k 
antiferromagneti ca lly ordered phase. The aim of our neutron 
ca tt erin g in ve li ga ti ons on th e fo ur c irc le tripl e ax is 
pectrometer DI O was to elucidate the nature of thi unu. ual 

first order phase transition. 

Us ing DI O in two ax i mode. we verifi ed in Q-scans 
al ong th e mai n y mm etry direc ti ons th at th e di ffu e 
scattering above T wa not centred at the anti ferromagnetic 
propagation vector. but in tead shif ted to an incommensurate 
pos iti on k = ( 1. ky, 0) . Th e compo nent k y increases 
continuously from ky = 0.40 at T = 115 K to ky = 0.44 at a 
temperature just above TN = 48.2 K. At the first order phase 
transition ky locks into a commensurate va lue of 1/2 (Fig. 
11 ). Such a temperature dependence of the incommen urate 
modulation ha to our knowledge been observed for the firs t 
time in a magnetic ystem. Even just above T , the spati al 
corre lati on ex tend over little more th an one unit ce ll 
(~ = 8 ). Us ing the analyzer we showed that the inverse 
tim e correlati ons also decrease l inea rl y w ith decreas ing 
temperature from 2.9 THz at 150 K to 0. 16 TH z at T . 

In order to obtain in fo rm ati on about th e magnetic 
interac ti ons that dri ve th e magneti c flu ctu ati ons to the 
incommensurate position . we have perfom1ed ca lculations 
of the di ffuse intensity di tri bution in the framework of the 
mean field and the quas istati c approx imations. Fig 12 shows 
a comparison between the mea ured di ffuse intensity in the 
(00 I ) plane and a ca lculation using the va lues JI = -2.60 K, 
J2 = -0.60 K and J3 = 0 fo r th e i so tropi c exc hange 
interac ti ons up to th e third nei ghbours. C l ea rl y, th e 
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Figure I I . Te111pera111re \'Clriation of rhe i11 com111ens11rate 

compo11e111 of the ,·ector at which rile d iffi ,se magnet ic neutron 

scatrering is centred. 

ca lculation reproduces the main features of the magnetic 

diffu e sca tt erin g ve ry we ll , but fa il s to predi c t th e 

incommensurate positions. The magnetic diffuse scattering 

i s rath er ensiti ve to small changes o f th e exc hange 

parameter : a larger value o f J2 as was proposed in the 

literature leads to additional fluctuation characteri sti c of 

type II order. while by changing J3 to -0 .3 K onl y spin 

fluctuations characteri sti c of the type I antiferromagnetic 

structure are observed. Thu s we learn from the diffu se 

scattering in vestigation that due to the particular values of 

the exchange integrals and the inherent frustration a strong 

competiti on of di ffe rent types of antiferromagnetic order 

take place in MnS2. In order to explain the centring of the 

di ffuse sca tterin g max ima at incommensurate positi ons 

anisotropic exchange interaction have to be considered. It is 

kn own th at th ese ca n hift th e m ax im a of th e di ffuse 

ca tt erin g to in commensurate po iti o ns as ha been 

demonstrated in UAs. 

In conclusion we have shown that the first order phase 

tran ition in MnS2 can be understood as a lock-in tran ition 

from incommensurate magneti c short range order into a 

commensurate long range ordered pha e. We demonstrated 

the strong competition between different types of magneti 

o rd er due to th e inherent fru strati o n of an fee 

ant i fe r ro magnet and propose va lue. fo r th e exchange 

parameter . A n ani . otropi c exchange interac ti on can be 

identified to be the ori gin of a hift of the diffuse scattering 

to incommensurate pos itions. Thus Mn 2 i a nice example 

of how magnetic interactions as well as the dri ving forces 

fo r the phase transiti on ca n be determined from neutron 

scattering studies of the paramagnetic di ff use . cattering. 
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Figure 12. Contour plot of the magnetic diffuse i111ensit_1" in the 
(001) plane. To suppress nuclear hackgro1111d. the difference 
65 K - 200 K is plotted. Measurement (a ) and a calculation (/J) 

with J / = -2 .60 K. J 2 = -0.60 K and J 3 = 0 are sl,own for 

comparison. Co11ro /11tio11 with t'1e reso/111io11 ji111ctir111 was taken 
i/1/o GCC0/1111 . 

Anisotropic spin correlations in CuO above the Neel 
temperature 

3 

Intense interest in the va lence, bonding and magnetism 
of square planar coordinated copper-oxygen planes has been 
engendered by their pre umed importance in the high­
temperature superconductors. Pure CuO pro v ides an 
opportunity to study the magnetic properties of square planar 
Cu2+ coordinated by oxygen in a relatively simple system: a 
complete understanding of the magnetic properties of CuO 
may indicate whether magnetic mechanisms actuall y play 
any role in th e hol e pairing in th e hi gh- tempera ture 
superconductors. The magnetic properti es of CuO are very 
similar to those of YB a2Cu3O6. In both compound. the 
usceptibility exhibits only a minute anomal y at T and 

continues to increase at higher temperatures. eventuall y 
reaching a broad maximum which sugge t that they may be 
similar to low-dimensional Heisenberg antiferromagnetic 
sys tems. The spin-wave velocities in both compounds have 
been reported to be exce ptionally large . Th e magnetic 
moments of the Cu ions are signifi antl y reduced from the 
full mom ent of Cu2+. presumably due to th e sp in 
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fluctuations which are typica l of low-d imensional systems. 
It i . perh aps more surpri sin g to find low-di mensional 
behaviour in CuO than in the insulating analogues of the 
high temperature ·uperconductor . . since the exchange paths 
in CuO are far less an iso tropic than in the di tinct two­
dimen ional crys tal tructures of th e high Tc 
supercondu cto rs. Ho wever. recent spec ifi c hea t and 
magneti zation investi ga tions suggest that CuO behaves in 
fac t like a quasi-one-dimensional antiferromagnet. In the 
following we repo rt a neutron stud y of diffuse criti ca l 
scatteri ng from a single crystal of CuO. which provides new 
informati on about the detailed microscopic nature of it s 
magnetic ani sotropy. Fig. I 3(a) . hows Q-scans para I lei to k 
at evern l temperatures close to TN . Diffuse peaks we re 
ob erved above T and these rapidly decrease in intensity as 
the temperature is increased. The continuous curves fitted to 
the data above TN are of Lorentzian form , convoluted with 
the Gaussian resolution function determined from a similar 
scan below TN (the variation of magnetic form factor of 
Cu2+ ions over the scan range was taken into account). 
Fig. I 3(b) shows similar Q-scans perpendicular to k and the 
co rresponding Lorentzian fits. The reso luti on fun cti on 
parallel to k is much broader than that perpendicular to k and 
has a width comparab le to th at of the diffu:e sca ttering 
peaks. This caused difficulties in the convolution procedure 
and the widths of the diffuse scattering peaks are effecti ve ly 
reso lution- limited c lose 10 TN. The inverse correlati on 
lengths k// and k .l obtained by fitting the peak shapes of the 
cans para llel and perpendi cul ar to k. respectivel y. are 

. hown in Fig. I 3(c). Despite the large uncertainties in k//· 
the an isotropy in the correlat ion length is clearly seen. si nce 
at 230 K the correlation length along ( I , 0. I ) is 50-60 A 
whereas along ( I, 0. - I ) it is at least 300 A. The corre lation 
leng th para ll el to ( I . 0, I ) decrea es with increasing 
temperature linearl y in the temperature range from 230 to 
234 K, bein g redu ce d by a factor of two at th e l atter 
temperature. This value. some 30 A. then appears to be 
retained to 240 K, but it cannot be determined with good 
accuracy at these hi gher temperatures due to th e poor 
counting stati sti cs . Surpri singly. the correlation length of 
-300 A along ( I , 0, - I ) does not change significantly with 
temperature in the interva l from 230 to 237 K , but then 
decreases at higher tempera tures. 

It is to be noted that O-Cu-O chains with a bond angle of 
146° ex ist approximately along thi direction. The present 
neutron in ve ligations indicate that above TN these chains 
are still trongly correlated and the magnetic susceptibility 
therefore continues to increase above T . The corre lation 
persis t up to abo ut 450 K , at w hi ch temperature th e 
su ceptibility eventually starts to decrease. 

Magnetic tructures of holmium in an applied magnetic 
field 

In the absence of an applied fi eld . the complex magnetic 
structure of metallic holmium results from the competition 
between ex hange and crystal - field interactions. Just below 
the ordering temperature TN s:32 K, the magnetic moments 
are confined by the crystal- field anisotropy to lie in the ba al 
pl ane, fo rmin g a ferromagn eti c sheet. Th e exc hange 
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interact ion and the lowest-order cry tal field terms favour 

the fo rm ati on of a magneti c spiral ,w ith a wavevec tor q 
which is in general incommensurate, so that the moments in 

successive laye rs along th e c-axis ro tate. As bo th the 
exchange and crystal fi eld are temperature dependent, the 
spi ral wavevector decreases with decreas ing temperature. On 

coo ling below approx imately 90 K the higher-order terms in 
th e c rys tal f i eld produ ce a se ri es of l ong-peri od, 

commensurate structures, which con ist of regions of the 
low-temperature tructure separated by spin slip phases. At 
Tc == 18 K there is a first order transition to a ferromagnetic 
cone pha e with the basa l pl ane moments desc ribed by a 

wavevector qo = l /6c*. The magnetic ordering in holmium 
is probably the best known example of a structure exhibiting 

spin slips (o r sp in di scommensura ti ons) ari sing from 
competing interactions. Ev idence for the ex istence of sp in 
slip in holmium came from di ffrac tion studies u ing both 

X-rays and neutrons. The spin-s lip model also prov ide an 
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expl anation for the anomalies een in ultrasonic, specifi c 
heat and thennal expansion measurements. 

The neutron di ffrac t ion tudi es have rece ntl y been 
continued with inve li gati ons using the D 10 tripl e-ax i 
pec trometer of the effec t on th e magneti c structure of 

further competing interac tion ·: magneti c fi elds appli ed 
along the c-ax i or along an ea. y direction in the basal plane. 

Unexpec tedly a c-axi s field has the effect of suppress ing 
the onset of the commensurate cone phase found at low 
temperatures in zero fi eld . Instead a number of spin -s lip 
structures are observed. some of which are similar to rho. e 
found in the zero-field spiral phase. while the others are new 
stru cture . A typ ica l scan w ith the wavevec tor tra n fer 
varied betwee n (001 ) and (002) fo r a fie ld of 2 T at a 
temperature of 4 K is hown in Fi g 14. In contrast to the 
zero- f ie ld diffrac ti on ex periments, w here a continuous 
variation with temperature of the pi ra l wavevecror q of a 
si ngle magnetic phase was observed, the diffraction patterns 
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may be interpreted as anstng from structures with two (or 
more) co-existing spin-slip phases. Moreover below""' 15 K 
the wavevector is always commensurate and forms a devil' s 
staircase with increasing field. The field and temperature 
dependence of the wavevectors is summarized in Fig. 15. 

It was be li e ved from earlier experiments that the 
application of a magnetic field along an easy direction in the 
basal pl ane of holmium produced a first-order transition 
from the spiral phase to ferromagnetic alignment at low 
temperature. However, these new experiments have shown 
that an applied field up to I T along an easy direction has a 
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Figure 13. (c) temperature rnria1io11 of" the im•erse correlation 
lengths of C110 parallel and perpe11dicu!ar to the propagation 
,·ector abo l'e TN. 
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Figure 14. The neutron scallering ohserl'edji1r holmium in a scan 
of the neutron wa vevector tramfer along [00// at 4 .0 K, with a 2 .0 
T fie ld applied along the c-axis . Th e vertical lines show the position 
ofp eaks with q = (n/ 11 )c':, _. the length of"th e thick lines represent 
the measured intensities from the q = (2 11 / )c * structure in :ero 
field: the position of" the thin lines indicate 1!,e n odd peaks which 
are a11rihuted to breaking of the equiFCt!ence of the rwo holmium 
.rnb-/a11ices b_v the applied field. 
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similar effec t to a c-axis field : spin- slip structures with 
di stinct rather than continuous spin-slip spacings, and the 
moments remain locked into a given structure over a wide 
temperature range. At hi g her ea sy-axis fields and 
temperatures the magnetic structure passes through the 
" helifan" structures predicted by Jensen and Mackintosh , 
and a fan structure before aligning ferromagneticaUy. 

Detailed analysis of a few of the lock-in spiral structures 
both in a c-q axis field and in an easy-direction field has 
shown the presence of a basal plane moment, which may 
exp lain their stability . The rich variety of structures 
observed in holmium results from the delicate energy 
balance between exchange interaction, crystal field , and 
applied field. 
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Figure 15 . The temperature dependence of" the magnetic spiral 
wave ,•ectors in holmium at different applied c-axisjields. 

Figure 16. {001 J projection of three possible magnetic structures 
fo r Mn3Sn which give identical intensities f or neutron scallering 

fi"om powder samples . The arrows indicate the relative orientations 
of the spins on the Mn atoms. Tl,e hea ,·ily shaded atoms are 
displaced by c/2 with respect 10 the lightly shaded ones. Zero .field 
neutron polarimetry shows that the correct structure is (C) .It was 
1101 possible to determine whether the spins are parallel to the 
( 100) directions . as shown. or 10 !he ( 120) direclions. 
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Magnetic structure determination using Zero Field 
Neutron Polarimetry 

The traditional method for determining magnetic 
structures is by measurement of the position and intensities 
of the magnetic Bragg reflections. In this method the 
orientations of the magnetic moments with respect to the 
crystal axes are deduced from the dependence of the 
scattered intensity on the angle between the direction of the 
magnetic moments and the scattering vector. This approach 
is rather indirect and may be subject to ambiguities; a more 
direct and less ambiguous method of determining the 
magnetic moment directions in antiferromagnetic crystals is 
to use polarised neutron scattering with polarisation analysis 
to determine the absolute direction of the magnetic 
interaction vector Q for one or more magnetic re flections. 
The zero field neutron polarimenter CR YOPAD[I] which 
can be installed on IN20 prov ides a particularly convenient 
means by which the direction of Q for individual Bragg 
reflections may be determined and the very significant 
improvements made in the operation of CR YOP AD[ I ] over 
the past year have enabled some of thi s potential to be 
realised. Thi s is demonstrated by using as examples three 
different problems which it has allowed us to solve. 

The triangular spin structure adopted by Mn3Sn presents 
an intriguing problem. The compound has the hexagonal 
0019 structure and orders magnetically at 420K to a 
tructure in which the spins on the three manganese sub­

lattices are arranged in an equilateral triangle[2). The three 
different arrangements shown in Fig. 16 all give ri se to 
magnetic scattering of equal intensity in powder patterns. 
The structures differ in their symmetry and hence in the 
number of different domains which are allowed. (A) retains 
the full symmetry of the nuclear structure (6/mmm) and has 
only 180° domain s, (B) with point group (6/m) has 
additional domains related by the miss ing mirror plane while 
(C) which is orthorh ombic (mmm) has three trigonally 
related domains each with its 180° partner making six in all. 
If the symmetry related domains are eq uall y or nearly 
equally populated it is not possible to distinguish between 
these three structures from measurements of the intensity of 
magnetic scattering even using single crysta ls and even if 
the 180° domains are unequally populated. In polarisation 
analysis measurements the presence of domains with 
different directions of Q depolarises the scattered beam. 
Measurement of the magnitude and direction of the neutron 
polarisation scattered by some h0I reflections of a single 
crystal of Mn3Sn show unequivocally that there must be 
three trigonal domains present and hence that the correct 
structure is (C). So long as the trigonal domains are almost 
equally populated it i not poss ible to tell whether the 
moments are parallel to { 100) or { 120) directions. 

Cr2O3 i s a member of a group of magneto-electric 
compounds with antiferromagnetic structures having 
identical magnetic and nuclear unit cells in which the 
crystallographic centre of sy mmetry reverses the spin 
direction. Such structures give ri se to magnetic scattering 
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which is 90° out of phase with the nuclear scattering and to a 
consequent rotation of the polarisation of scattered neutrons 
in the plane containing the incident polarisation and the 
scattering vector. The direction of the rotation depends on 
the absolute orientation of the magnetic moments with 
respect to their ligand environment, and if this environment 
is polar the two opposite orientations are distinguishable and 
may have different energies. Only a polarimeter such as 
CRYOPAD in which all three components of polarisation 
are measured can be used to investigate thi s effect. Our 
observations show that in Cr2O3 the configuration in which 
the magnetic moment points towards the smaller of the two 
equilateral triangles of near neighbour oxygen atoms is 
largely predominant right up to the Neel temperature. 

Between its Neel temperature of 230K and the lock-in 
transition at 213K CuO has an incommensurate magnetic 
structure with propagation vector -r = (0 .506,0, -0.483) . A 
study based on single crystal integra ted intens i ty 
measurements[3] suggested a helical rather than an 
amplitude modulated structure. The best fit to a structure of 
monoclinic symmetry was one in which the magnitude and 
direction of the copper moments is given by a function of 
the form: 

S = S1 cos2n (-r • R) +S2 sin2n (-r •R) 

where R is the radius vector to any copper site and S1 and 
Sz are perpendicular vectors in the a-c plane . S1/S2 - 2 and 
S1 is inclined at -33° to c in obtuse~- Since the sensitivity of 
magnetic intensities to the orientation of the axes of the helix 
is not high , thi s structure ha been re-investigated using 
CRYOPAD. The results of polari sa tion ana lysis of 6 
different hOI reflections confirm the helical structure but 
show very clearly that one axis (S1) of the elliptical envelope 
of the spiral is parallel to b whi le the other (S2) lies in the 
a-c plane at 28( I )0 to c in obtuse b with S1/S2= 1.034(5). It 
shou ld be emphasised that the scattered polar isa tion s 
expected for models with spins in the a-c plane and those 
with a b-axis component are qualitatively different, which 
makes polarimetry a particularly sui table tool for so lving 
this type of problem. 

[11 Tasset F ( 1989), Physica B 156-157 627 

[2] Zimmer G J and Kren E ( 1973) Magnetism and 
Magnetic Materials 1972 (AIP Conference Proceedings 
No 10, American Inst of Phys, New York p 1379 

[3] Forsyth J.B., Brown P.J. and Wanklyn B.M.(1988) 
J. Phys.C 212917 

Secretaries: T. Vogt 

J. Rodrfguez-Carvajal 
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Mea urement of magnetic anisotropy u ing polarised 
neutrons 

J. Brown 

One of the key parameters determining the uitability 
of permanent magnet material for device application i 
the anisotropy con tant K I· Tran ition metal 
ferromagnet have rather low value of 
K I ( <106erg cm-3) and for device application they have 
largely been replaced by mixed rare-earth tran ition 
metal compou nd s such as SmC05 and Nd2Fe14B in 
which the 3d e lement maintains a high Curie temperature 
whjle the the rare-earth element increase the anisotropy. 
Compound containing Sf actinide element exhibit even 
more ani otropic magnetic behaviour than the analogous 
compound containing 4f element , but the ize of this 
ani otropy ha never been measured. 

Traditionally ani otropy parameter have been 
obtained u ing bulk magneti ation and magnetic torque 
mea urement . These technique require large ingle 
crystals machined to rather accurate hape and if the 
anisotropy i large, very high magnetic field . The u e of 
polari ed neutron diffractometry provides an alternative 
method of obtaining K I whkh can give not only bulk 
anisotropy parameter but also show up· difference in 
the anisotropie a sociated with different atomic sites. lt 
ha the advantage of giving the actual moment direction 
rather than their projection on that of the applied field. 
The principle of the method is to mount the cry ta! on the 
diffractometer o that the applied field direction i 
paraJlel to a general crystallographic direction rather than 
to an axi of ymmetry o that the application of the 
magnetic field break the cry tal ymmetry. The 
ymmetry i broken becau e with uch a mounting there 

i a unique direction amongst the set of 
cry tallographically equivalent "ea y" axi direction , 
which is that lying c lo e t to the applied field. The 
magnetisation wi ll lie omewhere in the plane between 
this "easy" direction and the field direction at an angle 
determined by the ani otropy con tant and the field 
strength. Under these conditions the vector character of 
the interaction of the neutron with atomic magnetic 
moments leads to different magnetic tructure factor , 
and hence to different polari ed neutron "flipping ratio " 
for c ry tallographiclly equivalent reflections. The 
method con i ts in mea uring the "flipping ratios" of et 
of such equivalent reflection and then fitting the data by 
varying the as umed magneti ation direction to obtain 
that which most nearly re tore equivalence between 
value calculated from the "flipping ratio ", under that 
a umption, of the calar part of the magnetic tructure 
factors. 

This technique ha been u ed to measure for the fir t 
time the giant magnetic ani otropy in uranium sulphide. 
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A magnetic field of 4.6 T was applied along a direction 
approximately 26° from one of the 'easy" ( 11 I} axe . 
The preci e direction of the aligned moments and their 
magnitude were determined as a function of temperature 
from measurement of the "flipping ratio " of et of 
trong low angle reflection . From 5 to 140K the 

moment wa found to be locked along the ( l 11 } axi 
closest to the field but at higher temperatures it start to 
rotate towards the field. The aligned moment doe not 
become parallel to the field direction until 195K ome 
17K above the Curie temperature . The value of the 
anisotropy constant Kt has been deduced from these 
re ults and is plotted against the reduced moment 
µ(T)/µ(T=0), which is an implicit function of 
temperature, in Fig. 1. The traight line extrapolation 
ugge ted by theory leads to a value of K1 of - 10IO erg 

cm-3 at OK. 
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Figure 1. The anisotropy constant KJ of US , obtained from 

polarised nelltron measurements. plotted as a f unction of the 
reduced moment. 
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Summary 
[n the following we will give a rapid and limited view on 

the very active and broad field of college VI scientific work . 
Instead of being a statistically representative collection the 
aim is to point out just a few outstanding examples and to 
show th e vari ety of subj ec ts trea ted. D efinitel y th e 
mainstream of the work in our college is still the structure 
and dynamics of disordered and glassy substances that count 
for more than one third of the proposals submi tted. The 
variou l iquid systems, their structure and excitations are, as 
usual , well represented and we can note the increasing 
number of in ves ti ga tion s in extreme ex perimental 
conditions, high temperatures and pressures. The problems 
of metallurgy, alloys, precipitation, diffusion are of constant 
intere t. Among the important developments not mentioned 
explicitl y below we ca n reca ll the producti ve effort on 
quantum liquids and on quasicrystals for example. 

Scientific trends and highlights in 1990 
The dynamic structure factor of expanded liquid alkali 
metals 

The main interest in the study of expanded liquid alkali 
metal s i s to find out how the tru cture , dynami cs and 
effective interaction potential change during the expansion 
of the liquid metal from the melting point towards its critica l 
point (crit ical data e.g. for caes ium Tc = 1924 K, Pc = 92 
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bar. de = 0.38 g cm-3 ; for rubidium: Tc = 2017 K, Pc = 124 
bar, de = 0.29 g cm-3. ear the liquid-vapour critical point, 
the change from a liquid metal to a nonmetal takes place, as 
ca n be in fe rred from meas urements of th e elec tri ca l 
conducti vity. magnetic u ceptibility and optical reflectivity. 
The occurrence of the metal-nonmetal transition implies that 
the interatomic forces must exhibit drastic changes when the 
liquid meta l is expanded and the metal nonmetal transition is 
approached. 

Recently the static structure factor S(Q) of expanded 
liquid caes ium from the melting point up to its critical point 
was measured on the D48 -diffractometer. Characteri sti c 
changes of the microscopic structure, such as the distance 
(Winter et al. 1987, 1988) and number of nearest neighbour 
have been obtained and measurements of the iso thermal 
pressure deri vative of S(Q) ove r the whole liquid range 
prov ided valuable in formation about three-body correlations 
and the va lidity of model potentials. The results showed that 
th e nearl y- free elec tron model fa il s at relati ve l y hi gh 
densities of about three times the critica l density, which can 
be explained by the starting decrease in the screening of the 
ion cores during the expansion of the liquid metal toward 
its critica l point. In order also to obtain information about 
the dynamics of the expanded liquid alkali metals, uch as 
the self-di ffusion coeffi cient and collecti ve exc itations. the 
dynamic structure factor S(Q,w) of liquid rubidium has now 
been meas ured up to 1900 K usin g the IN6 TOF­
spec trometer (Pil grim , Winter , Hensel, Morkel . Gl aser, 
Mutka). Fig. I shows as an example some data of S(Q,w) for 
l iquid rub idium at T = 1400 K. Interesti ng, characte ri stic 
phonon-l ike side peaks in liquid rubidium are seen even up 
to this temperature of 1400 K. The corresponding dispersion 
relation of the col lecti ve modes, which has been evaluated 
from the longitudinal current correlation function , is also 
shown in the fi gure. We find a di spersion curve which 
resembles that of liquid rubidium measured by Copley and 
Rowe ( 1974) at 320 K. Thi s indicates that at th ese 
conditions of temperature and density (about three times the 
critical den ity) the ion-ion interaction of liquid rubidium is 
still controlled by the dynamics of the electron sea of the 
l iquid metal. These new quantitative results obtained at 
ex treme conditions of temperature and pressure present a 
rea l challenge for new theories de ·cribing the single particle 
and collecti ve dynamics of atoms in expanded liquid metals. 

Structura l changes in a liquid near melting 

Detection of structura l changes in a liquid close to the 
melting point (Tm) is a long-standing problem. Recent 
observation (M cGreevy and Van der Lugt) near T rn for Rb 
has shown that the crysta lline diffuse scattering and the liquid 
structure fac tor are very similar indicating that the short range 
structure in the crystal and in the liquid are almost identical. 
However, whi le the height of the structure factor maximum 
increase sli ghtl y from Tm + I to Tm + 0.20 as would be 
expected, it decreases below Tm + 0.20. Thi anomaly and 
the structural change involved are being further investi gated. 
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modes (oat the 111elti11g point, L1 at I / 00 K. • at 1400 K). 

Plastic crystal phase in a metal alloy 

Quasie las tic scattering on IN6 (Price, Saboungi, Re ijers, 
Kearley. White) has revealed that the intermediate phase of 
the inte rmeta lli c a lloy CsPb is a plas ti c crystal characterized 
by jump reorientations of Cs4Pb4 structural units. The wave 
vector variation of e las tic and quasiela ·ti c intensities is well 
reproduced by a s imple model of independent struc tural 
units jumping between the four orientations observed in the 
c rys ta l a t room te mperature. Thi s represe nt s the fir s t 
observation of a plastic c rysta l phase in a metal alloy. 

Collective excitations in a dense molecular liquid : S02 

The co llective properties of liquid sulphur dioxide have 
been s tudi ed by means of in e la sti c, tripl e-axis neutron 
s pec tro scopy on INS ( Be rm ejo . Ma rtfn ez . Garc ia­
Hernandez. Martfn-Marero. Monpean. Enci o. Bata ll an). 
This liquid was chosen for two reasons: first. it constitutes 
an optimal representati ve for thi s class of liquids due to its 
low me lting point and relative ly simple molecular structure. 
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The liquid structure is well known from a recen t neutron 
diffraction study , whe re it was sho wn that the range of 
strong orientational correlations (coherence length) extends 
up to 20 A; and second, it is a nearly pure coherent scatterer 
for neutrons, a fact that will provide good counting statistics, 
nearly free from incoherent contributions. 

A set of spectra measured at a temperature just above the 
me lting point is shown in Fig. 2 . Noticeable ine las tic 
intensitie indicate the presence of propagating modes below 
0.70 k l at T = 210 K. The continous lines correspond to 
fit s using a model scattering law which makes use of the 
viscoelastic approximation and has been shown to provide 
reliable results when analysi ng triple-axis spectra for liquid 
methanol and heavy water. 

Water and solvated species at high temperatures and 
pressures 

Structure factors we re measured for heavy water a t 
various T and P up to 400°C, 1630 bars (Ne il son, Howell , 
Stockford, Chieux) . The results show significant changes 
accompanying the application of P and T : in the region of 
the critical point the results are characterized by a ri se in the 
small angle scattering and the di sappearance of a shoulder 
on the high k side of the main peak centred at 2 A- I. These 
observations are taken as evidence of the breakdown of the 
H-bond network at high T and the onset of "nonnal" liquid 
behaviour. With applied press ure (up to 550 bar) a low 
atomic fraction of a few parts in a thousand of Argon could 
be so lubilized in heavy water. The isotopic substitution of 
Ar was nevertheless used (Neil son , Broadbent et al.) in an 
attempt to reach the local atomic environment of Ar from the 
scattering diffe rence between 36 Ar and natAr samples. A 
rather well defined GAr (r) could be obtained which shows a 
confom,ation of about 20 ± 4 water molecules around the Ar 
atom. It is anticipated that thi s work will be extended to 
include studies of the hydro phobic effect where the sa lt 
phenomenon is known to occur, e .g. in aqueous mixtures of 
salts and proteins. 

lso topicall y enri c hed ( Ni e nri c hment ) sampl es of a 
1.2 molal Ni SO4 solution were also studied as a function of 
applied P,T. The difference function L',Ni(k), which desc ribes 
th e st ru ct ure aro und a ickel ion , showed a dramatic 
modification between ambient conditions and T = 300° C, 
P = l000 bar. In fact , a total disruption of the Ni2+ hydration 
shell and the establishment of ion-pairing is observed. 

Iron in aqueous solutions 

Work on aqueous solutions is now ex tending from room 
temperature studies of the Li+, c1-, i2+ environment to 
ions wi th more complicated hydration shells . A particularly 
suitable candidate for neutron diffraction is iron in aqueous 
so lutions (Herdman . Neilson ), since it exhibits changes in 
oxidation state, hydrolysi s . polymerization and complexes 
with anio ns, a ll of which in vo lve c hanges in the water 



COLLEGE 6 

0.4 
□ 

□ 0.4.A-1 

0.2 

0 
D 

D 

0.4 o.55 A-1 

::, 

..£. 
c 
·;;; 
C 0.2 ~ 

_f 

0.4 o.65 A-1 

0.2 

0 
-3 -2 -1 0 2 3 

11ro (THz} 

Fig. 2: Corrected spectra fo r se/ecred momen111n1-1ransfe r 1•alues. 
Open squares represem experimental inrensiries and rhe 
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hyd ration structure. Samp les heated during preparation , 
deviated from the expected hexaqua coordination : in the case 
of iron perchlorate (no = 6 and no = I 0) due to hydrolysis, in 
the case of iron nitrate (no = 5, no = 9) due to polymeri zation. 
For comparison, samples prepared at R.T. gave the expected 
hexaqua ion (no = 6, no = 12). FeJTous instead of ferric ion is 
al so immediately apparent from changes in the Fe-O and Fe-D 
di lances (e.g. Fe-O goes from 2.0 to 2. 1 A). 

Vibrational dynamics of liquid and glassy electrolytes 

LiCI aqueous ioni c so lutions have been ex tensi ve ly 
studied and are structurall y well characteri zed in the vari ous 
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equilibrium or metastable thermodynamical states. T hey are 
therefore appropri ate fo r detai led v ibra ti onal dynamics 
investigations. Intermolecular motions of water have been 
obtained (Dupu y et al. ) from inelas tic neutron scattering 
measurement fo r sa tu ra ted aqueo us so luti ons of 
Li C l , RH 2 D ( R = 6 and R = 4). Bending (-7 meY ), 
stretching (- 25 meY) and libration (- 90 meY) modes were 
investiga ted as a function of H2 D content and compared 
w ith th e frequency di stributi on fo r pure wa ter. Th e 
stretching motion which is independent of concentration, is 
much better resolved at low T than in the liquid state where 
the two other modes overlap w ith it significantly as in pure 
water. In the glassy and super-cooled states, an additional 
band appea r s nea r 36 m eV w hi ch , o n wa rmin g , i 
progres i vely overlapped by the librational band. Clearl y in 
th is sy tern w here H - bond i ng competes w ith o th er 
interacti ons, the stud y of the glas tran ition it se lf w ill 
benefit from tudies combining tructura l characterization of 
wa ter w ith its surro undings and measurements of th e 
ex tended v ibrational density of states in the range of the 
stretching motion . 

Geometry of small molecules in molecular solids 

Neut ro n sca tterin g at hi gh mom entum transfe r i s 
commonl y used for the determinati on of intramolecul ar 
parameters of molecular liquids. It could also be applied to 
the detem1ination of the geometry of small molecules or of 
well defined (strongly bonded) local configurations in so lids. 
The geometry of the ammonia molecule in Ca(ND3)6, a 
compound which shows proton di sorder at l iquid Helium 
tempera ture (molecul ar glass) and ra pid reorientational 
moti on of th e amm o ni a groups above 40K , has been 
obtained from diffu se scattering measurements at large 
momentum transfer (up to 23 A- 1). I t i s found (Damay. 
Leclercq. Chieux) that the overall structure of the gaseous 
ammonia is preserved in so l id and liquid ND3 as wel l as in 
the Ca (ND3)6 compound at all temperatures investi gated. 
This accurate and direct determinati on shou ld be seen as a 
complement to the molecular structure refinement which is 
quite difficult to achieve in powder di ffraction. 

Crystal field excitations as a probe for order 
and relaxation in an amorphous metal 

Changes of bond orientational order during structural 
relaxation in the amorphous metallic compound PrNi5 have 
been investigated using the high sensiti vity of of the crystal 
field spl ittings of the magnetic rare earth ion to the loca l 
atomic env ironment. While the low temperature neutron 
inelastic scattering spec trum (measured on I N4, Alekseev, 
K lementjev, Lazukov, Orlov, Sadikov, Suck) ) of Pr i5 is 
dominated by two very pronounced and sharp CF peak at 4 
and 13 meY (two other are unresolved in the foot of the 
elasti c peak ) the spec trum of the amorph ous compound 
shows ju st a smoo th , co ntinu ous mag neti c intensity 
di stribution in the sa me energy range. The shape of the 
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magnetic spec trum of amorphou Pr i5 can be described by 
a model based on a perturbed crystal on ly if in addition to a 
bond length variation a bond angle vari ation is assumed. 
One ca n ex pec t th at due to tructural relaxation in th e 
v icinity of crys talli zation , indications of CF peaks should 
appear on the smooth spectrum if the environment of the Pr 
ion approaches the hex agonal structure of th e crystal. 
Surprising ly, even after relaxation as close as 0.97Tx to the 
crystal I ization temperature T x • no sign of CF peaks was 
observed. One has to conclude that even though the bond 
length s may change during structural relaxa ti on of thi s 
amorphous metal th e changes in bond ang les are not 
suffi c iently pronounce d to indu ce loca ll y crysta l - like 
environment for the Pr atoms. That change seems to happen 
more abruptly very near to or at T x (see Fig. 3). 

Silicate glasses 

Th e spatial distribution of Ca and o th er so-ca ll ed 
··network -modifying·• ioni ca ll y-bonded elements in alkali 
and alkaline-earth silicates is an open question - a random 
di stribution determined olely by macroscopic parameters 
such as composition and densit y bein g th e ge nera l 
ass umpti on. I so topi c substitution of Ca in (CaO)48.0 
(SiO2)49_0 (A l2O3)30 silicate glass. give directly, from a 
double difference ex perim ent. the Ca-Ca di stributi on 
(Gaskell et al. ). It confirm. th at a Ca-Ca first neighbour 
di stance at 0.38 nm corresponds to a typica l va lue of crystals 
and the peak in Gca(r) at 0.64 nm gives a clear indication 
th at th e ca ti on enviro nm ent is oc tahedra l wi th 
interconnexion through edge linkages. A ll these features are 
consistent with the notion that Ca lies within regions where 
the structure, although di storted. approximates to cubic 
clo e-pack ing. The presence of a well -defi ned local structure 
around such element s has ex tensi ve impli ca ti ons for 
med ium-range organization. Briefly, in close-packed glasse 
(or in the clo e-packed regions of ilicate and other ox ide 
glasses) the occurrence of loca l ordering around atoms such 
as Ca that are highly interconnected, is a consequence of a 
well -deve loped medium-range structure. 

ln-situ backscattering study of oxygen precipitation in 
Silicon 

The study of oxygen precipitat ion in sil icon wafer i a 
matter of acute technological interest that has been examined 
w ith continuous effort by small angle sca tterin g (D 11 . 
Stewart . M essoloras et al.). A new opening in the field is an 
unconventional application of the backscattering instrument 
I I 0 for studying i11-sir11 Ian ice deformation due to oxygen 
precip itation in si l icon single crystals (Li s, Mager!, 
Schneider, Zulehner) . The integrated reflecting power and 
latti ce parameter variati ons, associated with the strain fie lds 
due to the the oxygen precipitates, were recorded a a 
function of temperature and annealing time from room 
temperature up to 1500 K . In high puri ty float zone cry tals 
the reflecting power remains characteristic of perfect crystal 
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up 10 1200 K. On the contrary. Czochralski grown crys tals 
with about I 0 18 oxygen atoms cm·3 show a steep increase 
in reflec ti vity starting at 1160 Kand reaching a max imum al 
1350 K. and annealing out slow ly at 1456 K . The method 
allow. the in ve ti gation of mass ive sample (up to 10 cm 
thickness) which may be of interest for technical applications. 

Pressure dependence of the hydrogen diffusion in b 
at low temperatures 

The pre ure dependence of the Hydrogen diffusion in 
b was investigated by quasielastic neutron scattering al the 

instrument IN 14 (Stuhr, Wipf, Yetti er. Dorner, Schober) 
wi th an inci dent neutron wave length of 5.98 . Th e 
experiment was carri ed out wi th a constant Q- can wi th 
0 = l.62A-1 in [I !OJ -di rec tion. The upper part of Fig. 4 
shows the spectra of the ample under a hydrostatic pressure 
of 5 kbar and I bar. The continuous lines in these figures are 
fits to the spectra each made with two Lorentzian line with 
fixed ratios for the inten ities and the linewidths according 
to a Chudley-Elliott model for the jump diffusion of the 
hydrogen ( intensity ratio 3.2. width ratio 2.49). The data 
point s in the lowe r part of th e figure below show the 
difference between the two spectra. The fits yield a pressure 
induced reduct i on of the diffusion coefficient D of 
(2.5 ± 8.5) % with a mean va lue of D = 0.83. 10-6 cm2/sec. 

Tunnelling of hydrogen in rare-earth metals 

Hydrogen dissolved in hep rare earth metals is known 10 

exhibit unusual short range orderi ng. which apparentl y 
stabili zes the alpha phase at much lower temperatures than 
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in other meta l -hydrogen sys tems, and which leads to a 
varie ty of interes tin g ph ys ica l properties. Qu as ielas ti c 
scattering studies of hydrogen dynamic in these systems 
have hown that long range diffusion is rather slow but at 
the ame time there is a more rapid proton diffusion between 
near neighbour site along the c-ax is. Further studies of the 
temperature dependence of this loca li sed motion in 
scandium and yttrium (INS and I 6, Anderson, Berk , Rush, 
Udovic, Barnes, M ager! , Richter) reveal that the quasielastic 
line width has a pronounced minimum near I 00 K and ri ses 
at lower temperature with an approximate T-1 dependence, 
indicative of nonadiabatic behav iour that can be associated 
with weak coupling of a quantum two tate ·y tern . The 
si multaneo us determin ation of th e elastic inco herent 
structure factor may be interpreted in terms of labile and 
nonlabile hydrogen configurations in a manner consistent 
wi th recent estimates of pairing and activation energies in 
the e systems. 

Local structure and dynamics in high-Tc 
superconductors 

A notab le feature in th e stru c tural data of 
Tl2Ba2CaCu2Og high Tc uperconductors is the difference 
in pair distribution functions (PDF) when either calculated 
from standard crystallography analys is or measured directl y 
using methods currently applied to non-cry ·talline materials 
(liquids. amorphous alloys, etc .). The fom1er gives the time 
averaged PDF while the latter results in the instantaneous 
PDF. In particular. in the crys tallography determined 
structure the Tl -O distance is 2.73 A whi le this distance is 
clearly split at 2.4 and 3.0 A in the measured PDF. To clear 
up this apparent discrepancy the IN I triple-ax is instrument 
was used in two different modes wi thout and with energy 
analysis (Egami , Toby, Janot). In the first case the directly 
measured PDF shows an anomalous temperature dependence 
on the pair distances at 3.4 and 3. A in the vicin ity of Tc 
corresponding to the Cu-Ba and TI -TI pairs with a departure 
from what is expected from the measured phonon-DOS as 
determined by inelast ic neutron scattering. In the second 
case using IN I as an "elasti c diffractometer", the elast ic 
scattering intensity S(Q,0) ha been measured within the 
resolution of the analyser; the Fourier transform of S(Q,0) is 
the average density-density correlation function. which is 
sli ghtly different from the instantaneous PDF in that the 
dynamic corre lations are mi ·sing. The largest difference is 
found in the height of the peak at 3.4 A, the very peak which 
sho we d an anom al y. Thi s difference i s tempera ture 
dependent and increases below Tc. It clearly sugge ts that 
the observed anomaly of dynamic nature - the opening of the 
superconducting gap - drastica ll y alters the lattice dynamics 
(see Fig. 5). 

Secretary: H. Mutka 
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Towards a new understanding of the glass-liquid 
transition 

W. Petry 

In general the structure of a glass does not differ from 
the structure of its liquid. If no structural changes occur 
during the transition of a liquid to its glassy state the 
question arise whether it is justified to speak of a glass­
liquid transition. Modern theories show a way out of this 
dilemma. In the mode coupling approach [l] the glas 
transition is seen as a critical slowing down of 
relaxations at a critical temperature Tc above the 
calorimetric glass tran ition temperature T g· Density 
fluctuations are considered as the most relevant low 
frequency excitations in a liquid. The evolution of the 
dens ity correlator is given by a damped oscillator 
equation with memory. The equation is closed by 
specifying the friction kernel again as a functional in the 
density correlator. The re ulting nonlinear coupling of 
density modes enhance the effective friction and 
induces structural freezing-in at Tc. The transition to the 
frozen -in or nonergodic state is expected to exhibit 
universal feature largely independent of the specific 
gla s material. 

The high resolution neutron spectrometry as 
established at the ILL with a time window from 10-8 to 
10-13 sand a Q-range from 0.05 to 5 A- I covers exactly 
the range where the critical lowing down should be 
observed. In the last 3 years experiments on different 
glass formers such as salts (Cao.4Ko.6(NO3)] .4 [2]), van 
der Waals liquids (a-trinaphtylbenzene [3], ortho­
terphenyl (OTP) [4], polymers (polybutadiene (PB) [5]) 
and biological glasses (myoglobin (MG) [6]), have been 
performed and exhibit a remarkable accord with the 
mode coupling concept. To show this we focus on a few 
crucial points: 

I) The relaxations are expected to split into two time 
regimes which follow different scaling laws and which 
are separated by a critical frequency roe which again 
depends on temperature. Reformulating the scatterino 

A A O 

law S(Q,ro) as a normalized compressibility x"(ro) a 
simple relationship is predicted [7] 

X"(ro) = (bffill + aro-b) /(a+b) 
(I) 

with X"(ro) = X"(Q,ro)/ X"(Q,roe) 

x"(Q,ro) = ro.S(Q,ro) 
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which depends only on one quantity, because the critical 
exponents a, b are coupled via the r function 

r2(I-a)/r(l-2a) = r2(l+b)/r(l+2b) = 'A (2) 
A 

The measured normalized susceptibilities x", 
of OTP, PB, myoglobin and the normalized scattering 
law S(Q, ro) of Cao.4Ko.6(NO3)i .4 are shown in Fig. 1. 
Clearly the observed relaxations separate into two time 
regimes which follow different scaling law . The clo er 
the temperature to Tc the larger the frequency range 
covered by the two scaling laws. From the experimental 
point of view it is important to note that the dynamic 
range shown in Fig. 1 has to be covered by two different 
method such as back cattering or spin echo for the slow 
a-relaxations and time-of-flight for the fast 
P-relaxations. The von Schweidler parameter b which 
governs the slower a-relaxations of the viscous liquid 
can be determined quite confidently, whereas the scaling 
parameter a which de cribe the fast P-relaxations is very 
sensi tive to details of the deconvolution procedure . 
Partially, this may explain the di screpancy between the 
set of measured parameter a, b and their connection 
via eq. (2). 

2 t ~ ...... ~ PB 
-o~ "..,,\;//\ 2OOK 
. .,. ·--,. ~~- - I 

0 ,.1• 01·;·· 
,3 °1 VQ ) •.i ' · X0.5 c "'-=.,,.\x;;~•:_. 28OK 

~ ; ·~·· 

'l 
~\ \'\i MG 

□ 25OK 
□ 

0 
" o 27OK 

□ 3OOK 
298K 

3 -- ,,-
2 ,' 

~"""""'>( "".:~"; 

•f' 'l-H+~. ~ 

1.5 
_,,,l ,,, 3O6K 

-A1 ~r 
.,~ OTP ·, 

32OK 

Cao.4 Ko.6 (N03) I .4 

8 102 

cl 
V) 10 1 

100 
0.1 10 w / WE 100 

Fig 1. Normalized dynamical susceptibility X " of glass.formed 

at T?. Tc. For Cao_4Ko.6(N03)J.4 the sca/lering law S(Q,w) 

is shown. 



COLLEGE 6 

2) With increa ing temperature the fa r and localized 
motions gain in importance and di integrate at the 
critical temperature Tc in long range diffu ional motion 
or tructural relaxation . The e tructural relaxations are 
expected to show a univer al behaviour and to follow the 
time-temperature shift principle . Fig. 2 how 
measurements of the intermediate cattering Law S(Q,t) 
which probes directly the den ity fluctuation ~(Q,t). In 
Fig. 2 relaxations mea ured at different temperatures 
above Tc have been normalized to a common master 
curve by dividing the time cale by a relaxation 'tc which 
tern from macro copic vi co ity 11 data 

-cc(T) 0011 (T)/T (3) 

The ma ter curves, i.e. the tructural relaxations of 
the different gla s formers fit perfectly wel l to a stretched 
exponential 

(4) 
A A ~(Q) C 

S(Q, t ) = A(Q).e-(t/t(Q)) :::: f Q - hQ(t/'tc)b 

which again i a convenient parametrization of the von 
Schweidler law (right ide of eq. (4)) predicted by the 
mode coupling approach. 

3) In the case that the two proce ses are well 
separated in time, the long time Limit of the ~-proce s is 
identical to the short time limit of the cx.-process and can 
be interpreted as a non-ergodicity parameter, i.e. as a 
measure of the frozen-in (glas forming) state. 

The theory predict a square root decay down to a 
constant fc 

Q 

{ 

C • ~ (5) 

f Q + hQCo V ~-- . weak T-dependence 
fQ(T) = Tc 

C 
f Q . weak T-dependence 

Hence fQ(T) should show a distinct cusp at Tc· The 
experimental problem i to match the condition of 
integration over the slow a-relaxations when measuring 
this quantity. Fig. 3 gives examples, either mea ured by 
spin echo or backscattering. There is clear evidence of a 
discontinuity of fQ(T) at a Tc >T g but evidently the 
anomaly at Tc is meared out over a certain temperature 
region. 

To summarize, the neutron mea urements of the 
density relaxation in the glas y and vi cou tate pre ent 
the picture of a glas tran ition defined by it dynamical 
behaviour. At low temperature the gla i frozen-in on a 
long time cale. As the temperature ri e localized and 
fa t relaxations become more and more activated and can 
be seen as dynamical precur or of the gla tran ition at 
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Fig 2. Decay of the density flu ctuations <P(Q,t) in the viscous 
regime measured via the incoherent <• J and/or coherent (o) 
intermediate scattering law. Fits by means of a stretched 
exponential are shown . 

Tc where this 'rattling in a cage" di integrates into long 
range and tructural relaxations. Typically Tc Lies some 
tens of a degree above the calorimetric T g· Scaling 
prediction of the mode coupling theory for thi 
transition cenario are at tea t qualitatively confirmed. 

Some critical points which need further consideration 
have to be noted : 

- What is the exact caling parameter a for the fa t 
localized relaxations, i.e. does eq. (2) hold exactly? 

- What is the physical nature of the smearing out of 
the non-ergodicity parameter at Tc ( ee also [7]). 

- How far strong or network gla former like Se or 
ilica gla do follow the picture above pre ented of a 

gla -liquid tran ition in simple fragile gla s former (see 
also [8]) . 
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Tg(K) Tc(K) I ~ I a b 

at S(Q)max 

Cao.4Ko.6(NO3) I .4 333 366(4) 0.58 0.28 0.23 

polybutadiene 181 2 16(5) 0.45(1) - 0.26(3) 

O-terphenyl 243 290 0.61 0.31 0.52(1) 

myoglobin - 195( 10) - 0.33(5) 0.64(1) 

Table: Critical temperature Tc stretched exponential 
P and caling parameter a, b a evaluated from 
mea urements of the den ity fluctuation in glasse by 
neutron pectrometry [2 -6) . These independently 
measured quantitie fulfill eq. (2) only partially. 
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Introduction 
The last few years have seen a change in emphasis in 

biological tudies employing neutron . Part of this is cl earl y 
related to th e exp lo i ve increa e in th ree -d imensional 
. tructu ra l inforn1ation obtained wi th X -ray crystallography. 
and the neutrons ·erve typica ll y as a fo llow-up. either by 
so luti on studi e o f co nfo rm ati o nal changes or 
macromolec ular assembli es or by further low-reso luti on 
analys is of di sorder region employing single crystals and 
contra~ t va ri ati on. D ynamica l studi es o f these complex 
sys tems al o find inspirati on in the grow in g mass o f 
structural information , and although still in their infancy, 
show promise of rapid progress. 
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The demand for beam-time has remained constant , and 
as usual the request for mall -angle cattering measurements 
is high. Thi s crea ted a number o f probl ems during the 
autumn sc ientific council due to reduced allocation of beam 
time on D 11 . where a replacement of the collimation sy tern 
is planned fo r the spring o f 1991. When thi has been 
accomplished, the situation should return to a nonnal large 
overload. Another in trument in demand is D 16, indicating 
an increased use of neutrons for the study of various aspects 
of membrane structure. 

The co llege continues to suffer from space problems, 
partl y due to the arrival of new scientists on the second floor 
of ILL 20, and partl y due to the need for shorter term 
hou ing of students. At present all o ffi ces are full , and the 
only hope for relief is an ex tension of the building as found 
in the proposal for a moderni zation programme. Fortunately, 
the high density of per onnel in the building as a whole, 
which for the major part belongs to the EMBL, ha. only 
helped to enrich the sc ientific life. Below are out l ined some 
of the year's main scientific activities of the ILL phys icists. 
their long tern1 visitor. and students. 

Scientific Trends and Highlights in 1990 
Techniques 

A sca tterin g expe rim ent in bi o logy o ften requires 
considerable sample preparation . At the ILL this has resulted 
in a growing activity in the fi eld , at pre ent mainly suppo11ed 
by long term visitors (C RS Grenoble), and an example is 
the work on the express ion of Adenovirw, fibre. 

The Adenov iruses constitute a famil y of non-enve loped 
viruses with icosahedral symmetry. The penetration of the 
virus into the ce ll is mediated by an interaction between one 
of the virus structural proteins. called fibre, and the ce ll 
receptor. The fibre is an elongated protein protruding from 
th e 5- fold verti ces o f the virion . It i s trim eri c and i s 
organized in the form of a shaft, who~e length varies with 
virus serotype, wi th a C-termina l knob. interacting wit h 
cell ular receptors. The purpose of the study is to determine 
the structure of the fibre and to understand the molecular 
basis of its interaction with the receptor. 

In order to obtain large quantities of the fibre necessary 
for these studi es it was decided to ex pres fibre in the 
prokaryotic express ion system. The proteins of two different 
serotypes : adenovirus 2 (Ad2) and adenov irus 3 (Ad3) were 
expressed in Escher ichia co /i as stable in so luble protein . 
They were so lubili zcd in 6 M urea and purified on several 
chromatographic co lumns with the sub equent slow removal 
o f urea. Th e fin al so lubl e produ ct was studi ed w ith 
biochemical methods such as protein ge l analys is, chemica l 
crosslinking. gel fi lt ra tion. proteolys is as we ll as biophys ica l 
meth ods such a elec tron mi croscopy and small ang le 
neutron scattering. 

Both recombinant fibres trimeri ze spontaneou ly upon 
expression. The trimer of Ad2 fibre has. however. a less 
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compact structure than the nati ve trimeri c fi bre and has a 
hi gh propensity fo r prec ipitat ion from so luti on. On th e 
contrary, Ad3 fibre preparati on consists of a population of 
particl es w ith the characteri sti c morphology and size of the 
A d3 trimeri c nati ve fibre. Small angle neutron scattering 
gives a molecular weight consistent with a trimeric fibre and 
a radius of gyrati on consistent with the dimensions deri ved 
from electron microscopy (see Fi g. I ). Recombinant Ad3 
fibre protein will be used for the crystalli zation assays and 
for the fibre/cellular receptor interaction studies. 

A lthough small -angle scattering with neutrons is now a 
we ll es tabli shed technique, th ere are still som e very 
interesting new deve lopments. One of these is the tripl e 
i somoph ous substituti on (TIS ) m eth od as proposed by 
Pushchino sc ienti sts for the study of complexes in solution. 
The method has been te ted extensive ly on the Escherichia 
coli EF-Tu complexes (Pushchino USSR, EMBL Grenoble 
and ILL) and its advantages and limits are now published. 
Currently, thi s approach is being applied to the Escherich ia 
co/i 30S ribosomal subunit (Yale Uni versity and ILL). 

Th ere i s al so a co ntinu ed interes t in in strum ent 
development in th e college. Maj or con stitu ents of th e 
mechanics of the new small -angle scattering instrument D22 
such as co llim ator. detec to r tube and pro tec ti on we re 
install ed during the year, and th e ve locity se lec tor and 
detector were ordered. 

M ore preliminary work was done on the Quas i-L aue 
di ff rac tometer . w hi ch i s part o f th e proposa l fo r a 
m oderni za ti on prog ramme. A co nsiderabl e effo rt was 
in ves ted in th e theo ry of interpretati on of spec tra by 
members of the EMBL, who parti cipate in the development 
of thi s idea, and simultaneously a small , hi gh reso lution 
pos iti on sensiti ve detec tor was constructed (coll aborat ion 
with L A PP, A nnecy) to test thi s in practice. 

49A 

T ~..,....-... 
56 A _L~v-v-<. 

---------175 J..--------

Figure I . Model of recAd3ji"h used for calculating the radius of 
gyration . The model is descrihed by 252 spheres of diameter 10.6 
A. Its dimensions are de,fred (a)for the head from electron 
m icroscopy (56 .r 49 A) and (h) its o,·erall le11g1h ( 175 A) such as to 
be compatible with the radius of gyration obse1Ted hy 11e111ro11 
scattering. 
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Protein-nucleic interactions and protein synthesis 

T wo of the reasons w hy neutrons are so use ful fo r 
determin ing biologica l structures is that fi rst they make i t 
possible to distinguish between the two main components of 
biological macromolecules. nucle ic ac ids and proteins. and 
secondly they are sensiti ve to the deuterium conten t of both 
these components, whi ch is eas il y changed by grow ing 
mi c ro -o rga ni sm s (bac ter ia, yeas t , etc.) in so luti o ns 
co ntaining heavy wa ter. Several bi o log ica ll y releva nt 
molecules either consist of both chemica l classes (such as 
ribosomes. made of pro tein s and RNA) . or th ey fo rm 
complexes containing both (l ike RNA polyrnerase (RNA P) 
together w ith DNA). 

In all li v ing ce ll the geneti c information is contained in 
DN A, which are long chain molecules usuall y in the form of 
quasi -linear double-helica l polymers. 

Befo re the in fo rm ati on co ntained in the DNA base­
sequence can be finall y translated by the ri bosomes into the 
thousands of different proteins and peptides present in a cell. 
base-complementary blueprints in the fo rm of chains of 
messenger RNA (mRNA) are produced. Thi s duplication 
process is catalyzed by the enzyme RN A P which has an 
elongated triangular shape as determined by neutron small ­
angle scattering. RN A P. whi ch has a molecular we ight of 
450 000, consists of relati ve ly large subunits a2. b, and b', 
and a fac tor s which ac ts only temporaril y. 

Over a period of several years, the spatial arrangement of 
RNAP and of i ts subunits. iso lated and in complexes with 
the A I promoter. a well -defin ed D A fragment, and with 
the mRN A originating from it, has now been studied in si111 
by neutron small -angle sca ttering (co ll abora tion between 
MPI. M arti nsri ed and ILL). 

Recentl y, a DN A fragment was constructed which had a 
binding site for a repressor molecule on it , and, at a we ll ­
defined di stance on the oppos ite side, a promotor. i .e. a 
binding site for RN AP. (Repressors contro l the transcripti on 
o f DNA , i .e . th ey ca n sw itch it on and o ff) . RN AP is 
asymmetri c. and the di stance of the centre of gravity to the 
DNA ax is had been determined prev iously. Therefore, it was 
poss ible to find out how the RNAP molecule is ori ented 
with respect to the direction of transcripti on by determining 
the di stance between the centres-of-grav ity of repressor and 
RNAP, know ing the location of the binding sites of both 
molecules on the DNA. The distance value of 150 A which 
was obtained by neutron scattering is compatible with the 
larger side of RNAP pointing towards the end of the DN A 
molecule, li ke an open pair of sc issors (see Fig. 2 page 8 1 ). 

Finall y, the mRNA molecul es are transfe rred to the 
ri bosomes. whi ch. by interpretin g their base sequences, 
synthes ize new proteins. Ribosomes are particles made up of 
two subuni ts of unequal size. each consisting of nucleic ac id 
(2/3 of the mass) and a mul titude of di fferent proteins. The 
large ribosomal subunit (SOS) from Escherichia coli consists 
o f a short RNA chain (SS rRN A) and a ve ry long one 
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(23S rR A). and more than 30 proteins (called LI to L34. 
L8 being a complex of proteins. and L7 nea rl y identica l 
to Ll 2). 

A long-tem1 project (MPI fii r Molekulare Genetik , Berlin 
and the ILL) aim at establi hing a three-dimensional map of 
the component of the SOS subunit in order to contribute to a 
better under tanding of the tructure/function relationship. 
Some of the proteins in the small (30S) subunit (SI to S2 I ) 
have been included in the investi gation. 

The method used consists in incorporating selected pairs 
of pro tonated single protein into "g lassy ribosomes··. 
ribosomal pa rti c les reconstituted from iso lated parti all y 
deutera ted ribosomal protein and R A which are both 
rendered quas i- inv isible for neutrons by a bu ffer so lution 
with high D2O content. The small -angle neutron scattering 
curves from these particles can be in terpreted in term of the 
distances between the proteins. 

The aim of the study i to produce a map of the three­
dimensional arrangement of the majority of the SOS protein 
on the basi of the table of protein distance . This model i 
to serve a a scaffo ld fo r loca ti ng the si te w hi ch are 
important for the function of the ribosome. M ore than 130 
pai r-d istance mea. urements in the SOS subun it have been 
per fo rm ed to date, some of them repeatedl y. A closer 
inspection of them has revealed so far about 80 di stances 
which can be considered of sufficient quality and internally 
co nsistent in th e model -building process. Th e current 
measurement programme i intended to ve ri fy several 
further distances using samples obtained by an an improved 
preparati on tec hniqu e. Thi s w ill impro ve th e 
interconnecti vity of the distance table so that a reliable map 
of 12 to 13 proteins can be expec ted soon. foll owed by a 
map of about 24 proteins within a few years. 

In more rece nt years sing le crys tal s o f thi s protein 
fac tory have al so been o bt ained ( MPI in Berlin and 
Hamburg and th e W ei zmann Institute), and th e three­
dimensional structure determination of this super-molec ule 
has been started. Several different ribosomal particles have 
been used, and the one most suitable for neutron diffraction 
is the SOS ubunit from Halobacterium marismortui. A s a 
first step low resolution single crystal neutron diffracti on 
ex periment are carri ed ou t to di stingui h betwee n th e 
protein and the RNA domain . The contri bution from the 
di fferent domain. can be mapped out by contra t variation. 
Th e so l vent in the crys tal i s exchanged w ith parti all y 
deuterated so lutions of a scattering power corresponding to 
d i ffe rent components. and fo r eac h contras t a se t of 
di ffraction data is mea ured. 

T he di ffraction measurements have been carried out at 
the ILL on the bio logical diffractometer DB2 I si nce 1986. 
Because of the small size and the vari able quality of the 
cry ·ta ls these ex periments are very time consuming and 
difficul t. So far an almost complete data set in I 00 % D2O 
solution to 30 resoluti on and an incomplete set in H2O 
have been co llec ted. 
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To ex trac t structu ra l in formati on from these data ah 

in itio phas ing methods for low re olut ion data have been 
developed. They contain 3 tep , name ly a normal izat ion 
procedure of the data fo llowed by di rect method phasing and 
fi nally a sorting procedure which identify the best den ity 
maps among all those generated by direct method analy is. 
In the case of the 100 % D2O data a density map coherent 
w ith the model obtained by elec tron microscopy of the 
r i boso me wa fo und . and th ere m ight even be more 
in formation available as two levels of den ity were found 
which can be interpreted as protein and R A. 

The fi rst results are very exciting, but it is obv ious that at 
this stage further confirmation of the va l idity of this map is 
urgently needed, so experiment and data treatments are still 
go in g st ro ng . In par all e l , member s of t he IL L al so 
collaborate with the ribosome team in Hamburg and at the 
Weizmann Institute on the phas ing of the X -ray data. 

Beyond the t ra n cripti on of D A an d th e pro tein 
synthe is other studies related to proteins interacting with 
D A/R A are carried out in the co llege, and in recent years 
the recA protein has been a target of much interest. The recA 
pro tein of Escheri chia co / i medi ates the exc hange of 
homologous strands of D A. a process of fundamen tal 
importance in genetic recombination. T he exchange takes 
place through a stoichiometric binding of recA protein to 
D A during which the D A is stretched by approx imately 
50 %. A number of different complexes are acti ve in these 
processes, rec A pro tein with single-stranded DN A, wi th 
double stranded D A and also polymeric forms of the recA 
protein itse l f. M oreover the structure of these complexes 
varies depending on the presence or absence of cofactors 
such as A TP whose hydro lys is is necessary for the strand 
exchange reac tion to take place. 

Neut ron small ang le sca tterin g studi es (Edinburgh, 
EMBL Grenoble and ILL) have shown that the complexes 
can be divided into two ca tegori es: compac t fil aments 
typified by the recA self polymer, and the stretched complex 
such as observed with single or double-stranded DN A in the 
presence of A TPyS (a non-hydrol yzable anal?g_ue of ATP). 
Recentl y it was shown that the ATPase ac t1 v1ty could be 
induced in the absence of D A by the presence of high sa lt 
co ncentrati o ns. Sm all ang l e sca tter i ng res ult s have 
subsequently shown that thi s acti v ity is correlated w ith a 
structural change analogous to that observed on the addition 
of DN A, i .e the !retched fo rm ca n be induced by th e 
presence of salt alone. T he confo rmations of the var ious 
complexes are illustrated in Fig. 3. T he recent determination 
of the crysta l structure of the recA monomer combined wi th 
the neu tron scattering results should al low fu nher detai ls of the 
protein-protein and protein-D A interaction to be elucidated. 

Protein-membrane interactions and hydrophobic 
proteins. 

The so lution of the structure of bac ter iorhodopsin, the 
protein that functions as a light driven proton j ump in the 
purpl e me m br ane of H a l ohaC1eri 11 111 halohi 11 111. is a 
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Figure J . Diagram of the acti1 ·e state and the inactil'e stage of recA 
protein as determined hy neutron scal/ering in solution (ss = single 
stranded. ds = douhle-stranded) . 

wo nderful examp le of th e compl ementari ty of modern 
methods in tructural molecular biology - in thi s ea ·e low­
dose electron mi c ro scopy and neutron diffraction on 
pecifica ll y deutera ted amples. The main fea tu res of the 

struc ture are now known. but further neutron diffraction 
experiments are addre sing specific questi on. concerning 
functional a pee ls in native and mutant membranes (IBPC 
Paris, MRC Cambridge, Frei e U ni ve rsitat Berlin , MPI 
M artinsri ed. C RS Grenoble, University of Barce lona and 
ILL). Inelasti c neutron scattering studies of the membrane 
dynamics in different conditions have shown interes ting 
correlations between the mean square amplitudes of the 
motions and the functional behav iour of the protein . 

T wo different c lasses of membrane proteins have been 
crystalli zed over the last few years. The first structure to be 
so l ved by X -ray crysta ll ography was th at of th e 
photosynthet ic reacti on centre from the purple bacterium 
Rhodopse 11domo11as i•iridis. the tran s-membrane part of 
which was composed largely of a-he lice . Recently the X­
ray structure of Porin from the bacterium Rhodohacter 
capsulat11s, has been determined. revea ling a comp letely 
different secondary tructure compo ed mainl y of b-sheet. 
Porin is a protein which allows the se lective passage of polar 
molecules up to a cut -off va lue of mo lec ul ar we ight 
about 600. 

In all cases th ese m embran e protein s have bee n 
crystali zed by "c lass ica l " techniques after so lubili sati on in 
detergent. The detergent is believed to mimic the membrane 
lipid in its interaction wi th hydrophobic parts of the protein . 
Thu studi es of th e protein -detergent interac tion in the 
cry ·tals could throw light on the protein-lipid interactions in 
1-ira. In the X -ray studi es to date, however. no detergent 
structure has been ob erved, due probabl y to di sorder. 
N eut ron diffrac tion. where there is ve ry hi gh contras t 
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between D 2O and detergent. has already all owed an 
investigat ion of the detergent organi za tion in the reaction 
centre cry tals (Munich and ILL: see Annual report 1989). A 
stud y has now been undertaken on the cry tals of Porin 
(Freiburg and ILL) to locate the detergent in these crystals. 
T he crystals diffract neutrons strongly to - 12 resolution 
and hould soon provide clues to the detergent-protein 
interactions in thi s system. 

Protein- lipid interact ions are important in membranes 
and also in the so luble lipoproteins found in the serum as 
transport proteins or in eggs as torage proteins. Lipovitellin 
is a storage protein found in a number of vertebrates and has 
some genetic similarity to serum lipoproteins such as human 
apo lipoprotein B-100 which i s found in low density 
lipoprotein particles (LDL). The X -ray ana lysis of th e 
protein/lipid complex. isolated from oocytes of the lamprey. 
revealed a complex structure of supercoi led a-helice and a 
se ri es of ~-sheet structures surrounding a cavity in the 
molecule , but no elec tron density attribu tab le to lipid. 

eutron diffraction studies on these crys tals (Minneapoli s 
and ILL) have demonstrated that the lipid i in fact located 
in the cavity region . The recently determined amino acid 
sequence of the protein wil l oon allow a detailed analy i of 
the protein-lipid interactions to be made. 

In co llaboration with long te,m v isitors from the C RS 
and Universite Joseph Fourier. Grenoble. a study has al o 
been undertaken on hydrophobic i nteraction s in vo lving 
small protein from plants. The ultimate goa l is 10 learn 
more about the interactions between the hydrophobic part of 
the protein and the surrounding water. a subject that is wel l 
uited for neutron diffraction . The first protein cho en for 

thi s study is from soy-bean. It has a molecular weight of 
8300 and crystallizes well. The action of the protein. which 
is found in the surface of the grain. is not yet known . but 
tudies of proteins of thi s kind (col labora tion wi th I RA , 

Nante ) indicate that it might be part of the defence sy tem 
of the grain . Further interest in thi s protein derives from the 
fac t that it i member of a newly observed group of protein. 
with a common, characteri stic core of four sulphur bridges, 
which exhibit a number of different functions. 

As the structure of the hydrophobic protein from soy­
bean is not known, a structure analys is was undertaken, and 
during the year the necessary X-ray work wa carried out 
involving determination of some heavy atom derivatives . 
This exerc ise has now given an electron density map, which 
is presentl y being interpreted, and work has been undertaken 
to produce crystals large enough for neutron diffraction. A t 
the same time a continuat ion has been started involving a 
crysta lli zation effort of other simil ar proteins. 

Protein-protein interactions and muscle structure 

It is we ll known that small angle neutron scattering is a 
powerful technique for the study of interactions in solution 
between macromol ecules of different sca ttering density -
such as nucleic ac id-protein complexes . protein-detergent 
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compl exes or comple xes with pec ifi ca ll y deuterat ed 
component . This was di sc ussed above in some detail. But 
neut ro ns al so have va lu abl e ad va ntages for th e 
characteri sation of interactions between macromolecules and 
olvent molecule . and between macromolecules of similar 

scattering density as in protein-protein complexes. It is very 
useful to study such interactions as a function of solution 
conditions and. by using neutron radiation. widely different 
co nd i ti o n (o bt ain ed by va r y in g tempera ture, sa lt 
co nce ntrati on. pH etc . ) are eas il y exa mined w hil e 
maintaining a good signal to noise ratio. 

Solve nt interactions play an important role in protein 
folding and the particle formed by a protein and assoc iated 
·olvent molecules has been named i ts ··solution parti cle". 
Proteins from halophili c bac teri a have ex tensive olve nt 
interactions and are only stable in highly concentrated salt 
so luti ons. They are use ful models for the stud y o f th e 
correlati on between tability and the structure of so luti on 
particles (C RS Grenoble, Weizmann Institute and Tel A viv 
University. BARC and JLL). 

Denaturants such as guanidiniurn hydrochloride have 
been used for decades in protein folding studies, but their 
mechani sm of action remains poorly understood. In neutron 
scattering experiments on hen egg- white lysozyrne. it has 
been pos ible to follow simultaneously and quantitati ve ly 
the interaction of the denaturant with the protein and it s 
unfoldin g. Thi s provided data fo r tes tin g different 
mec hani sti c model s o f unfoldin g by th e ac ti o n of 
denatu ra nts (U ni ve rsit y o f O rego n. C RS Grenobl e 
and ILL). 

Protein-protein interactions are of great importance in a 
number of bi olog ica l processes . and are themse lves very 
sensiti ve to solution conditions. Examples of protein-protein 
interactions on which neutron scattering experiments have 
been performed this past year include musc le structure. the 
complement cascade in the immune sy tern. and the histone 
core particle in nucleosome . 

ucleosomes. the fundamental units of chromatin. are 
made up of a histone octamer core and DNA. ovel histone 
oc tamer . in whi ch the •·unstructured·' - termini of the 
nati ve proteins were removed by se lective proteolys is w ith 
clostripain, have been characteri ed and they appear to be 
very good models for the protein-protein interactions in the 
native nucleosome core (C RS Montpellier and ILL). The 
complement cascade involves a large number of protein ­
protein interactions , a few of which have been described 
structurall y in so lution (C E -Grenobl e, Uni ve rsit y o f 
Fl orida and ILL). 

Thin fil aments o f ve rtebra te mu sc le co nsi st o f 
po lymeri zed heli cal fil aments of ac tin (F-ac tin ) around 
which is wound two strands of the fil amentous protein 
tropomyos in. Conflicting model s ex i st to ex pl ain th e 
switching mechanism which i ac ti vated by binding of Ca2+ 
ions to a third protein ca lled troponin. In one case a large 
radial movement of the tropornyos in is predicted whereas in 
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the other case the . witching is explained by an azimuthal 
movement of the tropomyosin. Preliminary small angle 
cattering experiments have been carried out (San Francisco 

and ILL) usin g thin fil am ents rec on stituted from 
hydrogenated actin and full y deuterated tropomyo in to try 
and distinguish between the two models. M easurement in 
4 1 % 0 20 . where th e ac tin i s invi sible, permitted th e 
mea urement o f th e c ross-heli x separation of the two 
deuterated tropomyos in trands and suggest that the radial 
separation changes rather littl e between the res tin g and 
acti ve tates. 

Secretary: M.S. Lehmann 
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The number of proposals submitted to College 9a has 
declined over the last year. This is, in large measure, due to 
the large number of neutron refl ectivity experiments that are 
now be ing considered in other subcommittees, rather than 
be in g indicative of a genera l trend. It should be noted, 
however, that the number of propo als relating to problems 
concerning mainstream chemistry was small. This reflects 
the divers ity of other topi cs studied within the College, 
rang ing from surface studies to molecul ar pectroscopy, 
from intercalation systems to electron transfer (to mention 
only a few), with quasielastic scattering, inelastic scattering, 
pow der diffract ion , and ma ll ang le scat ter in g bei ng 
amo ngst the ex pe rim e nta l probes employed . Here we 
highlight some of the advances made in the last year in the 
area of chemistry, spectroscopy and surfaces. 

Scientific Highlights in 1990 
Inclusion compounds 

Zeo lites are well known as one of the most important 
classes of industrial catalyst, but becau e it is o difficult to 
stud y the dynamics of molecul es within zeo lites us ing 
optical pec tro sco pic techniques , relatively littl e is 
und e rstood about their ca ta lyt ic ac tivity . Klinow sk i 
(Cambridge) proposed recently that shape se lecti vity is a key 
factor in determining the product of processes such as the 
cata lyt ic conver ion of methano l to higher hyd rocarbons. 
Preliminary experiments on the instrument INS on xy lenes 
( 1,2- 1,3-or 1,4-dim e th y lbenzenes) contai ned a t low 
concentration wi thin the zeolite (ZSM-S), seem to bare out 
thi s theory. Fo r exampl e, qu as ie las ti c sca ttering at hi gh 
tempera ture indicates a larger dynamic moti on for para­
xy lene ( 1,4-dimethy lbenzene), than fo r ortho-xy lene. This is 
in agreement with steric considerations which suggest that 
ortho-xylene cannot pass along the zeo lite channels, wherea 
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the meta and para analogues are not so strongly con trained. 
At low temperature, the very weak host - guest molecular 
interaction i confirmed for para-xylene by a distribution of 
tunnelling levels below about 0.3 meY. As tunnelling is very 
sensitive to small changes in the potential , it could prove a 
good probe for the host-guest interactions within systems of 
industrial importance. 

Another system which initially attracted the attention of 
two gro ups working indepe ndently ((Boysen, Frey 
(Munich), Blank and Kearl ey (ILL); and Guillaume, 
Souri ssea u (Bordeaux ) and Dianou x (ILL)) and more 
recently working together as a rare German, French, British 
collaboration) are urea-paraffin inclusion compound . Urea 
has straight hexagonal channels which can iso late alkane 
chains in their all-trans conformation, providing a model for 
more complicated hydrocarbon systems of sc ientific and 
technological importance. These semi-oriented urea chlatrate 
inc lusion compound have been studied intensively by 
vibrational spectroscopy. This is because of the " insulated" 
environment of the alkane, and because of a motion al 
broadening found in the anti symmetric C- H stretching 
modes. Whole body li brational motions of the alkane seem 
to be responsible for these broadening effects. Although 
these compounds have come to be regarded as one of the 
best systems for testing band broadening theories, studie 
via Raman peak widths tend to be complicated because both 
the internal mode force constants and bond polari zabilitie 
vary with the torsional angle of the alkane molecule within 
its cage. Studies by inelasti c neutron scattering have been 
made on hexadeca ne, nonad eca ne and dodeca ne in 
deuterated urea and peaks due to large amplitude vibrations 
have been seen at energies of the order of I meY . By using 
semi-oriented samples at appropriate sample orientations, 
the motion parallel or perpendicular to the main chain axes 
can be analyzed. For example, for the urea/dodecane system 
with the long axis either transverse or longitudina l to Q, 
these peaks dominate in the longitudinal direction (Fig. I). 
This resolves the long standing problem as to whether these 
peaks are translational or rotational in orig in. (In thi s case 
we can say that they are tran lationa l). 

Molecular dynamics of benzene: hexafluorobenzene 
(update) 

Inv es ti gat ion s on IN4 , INS , IN6 and IN 13 of th e 
temperature dependence of the quasielast ic and ine las ti c 
sca tterin g of the van der Waal s so lid Ben ze ne: 
Hexafl uo robe nze ne, have s howed th a t in th e !owe t 
temperature pha e of thi s olid the molecules are able, if 
they have sufficie nt thermal energy, to undergo a six-fold 
reorie nt at io na l motion (F ig . 2). These quasiela s ti c 
meas urements ha ve give n the he ight of th e barrier to 
reorientation to be 98 ± S meY per molecule . This is quite a 
deep potenti al and is capable of supporting a number of 
bound levels, to which and from wh ich it is possible, with 
the indiscriminate se lection rules of inelastic scattering, to 
observe discrete transitions. 
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Fig. I: Dodecane in urea (measurements recorded on IN5). 
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Fig . 2: EISF of benzene: hexafluorobenzene, recorded on IN 13 
and filled to a six-fold reorientational jump model. 

A harmonic analysis of the inela tic spectra recorded at 
successively higher temperatures reveals that the spacing 
between the benzene and hexafluorobenzene rings in a dimer 
and the spacing between such dimers changes continuously. 
Indeed, we go from a situation of distinct individual dimer 
at low temperature to one of equidistant molecules at a 
temperature corresponding to the first phase tran ition seen 
in this material. A picture of quadrupole induced dipole 
moments has been suggested as the driving force for the 
change in molecular spacings . At low temperature each 
dimer has an induced dipole moment whose mutual 
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interactions contribute to the lattice energy. As the 
molecules become equidistant (loss of dimer character) , 
these induced dipole moments vanish with a consequent 
reduction in the strength of the intermolecular potential. 

Depth controlled grazing angle neutron diffraction - a 
promising technique for sub-surface studies 

Physi orbed and chemisorbed species on substrates such 
a graphite continue to attract attention within College 9a 
and early successes of the study of neutron reflection 
profiles from solid-liquid interfaces (see last year's annual 
report) have made this a well established and important 
technique. A new instrument, dedicated to depth-controlled 
grazing angle scattering experiments promises to augment 
these exi ting techniques, and make ignificant contributions 
to the tudy of surface magnetism . Until recently, the 
experimental determination of structural properties across an 
interface has been almost exclusively attacked by X-rays , 
mainly because of the availability of brilliant synchrotron 
sources. Neutron scattering under the condition of total 
external reflection does have advantages over X-rays mainly 
because the magnetic photon cross-section is extremely low. 
Thus the evanescent neutron scattering technique, as it is 
called, promises to be highly competitive in this area. 

The scattering geometry of the evanescent wave 
diffractometer involves neutrons glancing on the sample 
urface at an angle ai of about 5 mrad, such that the majority 

are specular reflected. A small part of the evanescent wave 
field inside the crystal sample is Bragg scattered and a 
detailed scattering profile along the grazing exit angle <Xf is 
recorded by a position sensitive detector (see Fig. 2 of 

Scatteri~g 
depth [A] 

107.------.-,.-----,------,---1- __ In P 
• ---Co F2 
I --Fe3 Al 
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• 1.0 r-------------- · 
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Fig. Ja : Calculated scallering depth profiles as a function 
of the exit angle for various incident angles and samples 
(ac = critical angle). 
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Fig. Jb: approj,le of the ( III ) Bragg reflectio11 from a CaF2 

(Z.l I ) sw face observed under grazing incidence angle of a;/ a c"' 1. 

In strum ent Group " Spec ial In struments"). The fir t 
experiments carried out with this set up on the instrument 
EVA have yielded information at scattering depths between 
I 00 A and macroscopic lengths, depending on the sys tem 
tudied and the exact scattering geometry used (Fig. 3a). 

Thi s technique allows structural information to be obtained 
at uh-surface crysta l layers. The Uf profil e from CaF2 
(Fig . 3b) wa obtained for an inciden t angle of Ui = Uc 
(the angle of critical reflection), and hows three different 
contribution : the expected pure surface peak at Uf = Uc 
(marked " S" in the figure), the diffracted peak at CXf = 0 
(peak "T", ( I I I ) refl ection , corresponding to a scatteri ng 
depth of about I 00 A), and al o a contamination from bulk 
·cattering from the sample (peak " B " ). 

One other experiment worth mentioning here (and to be 
performed in 199 1) concerns molecular beam epitaxy which 
is to be used to deposit Ga(l-x)Al(x)As layer by layer on 
GaAs, with x varying from layer to layer so that the index 
varies in a controlled manner perpendicular to the layers. In 
thi s way the theoreti ca l pred iction of a singularity in the 
neutron reflection coefficient in layer systems of this type at 
the critica l angle, <Xc, will be tested. 

Secretary: R. White 
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Neutron rotational tunnelling spectroscopy as a probe 
of the electronic details of a novel chemical bond 

J. Eckert, G.J. Kubas and R. White 

The observation that some metal complexes bind 
hydrogen in molecular form was one of the past decade's 
most significant fundamental discoveries in inorganic 
chemistry [l]. Not only do these molecular hydrogen 
complexes contain an entirely new chemical bond, 
namely the first stable intermolecular coordination of a cr 
bond, they may also be viewed as arrested reaction 
intermediates in the oxidative addition of hydrogen to the 
metal. Significant activation of the H-H bond is indicated 
by a drastically lowered H-H stretching frequency for 
these compounds (around 2700 cm-1 , as opposed to 
4400 cm-1 for free H2) and a concomitant lengthening of 
the H-H bond from 0.74 A to typically 0.82 A 
(determined by neutron diffraction). These observations 
lead to the hope that one may be able to follow this 
reaction coordinate by synthesizing various complexes 
with different degrees of H-H bond activation. In order 
to be able to do this the factors that govern the binding of 
the molecular hydrogen ligand (referred to as 
"dihydrogen") must be understood. It is therefore highly 
desirable to have a probe of the electronic details of the 
dihydrogen-metal bond. We have achieved this by 
relating rotational barriers for the dihydrogen ligand 
measured with neutron scattering techniques to 
appropriate theoretical calculations for an increasing 
number of these compounds where either the metal 
centre or the other ligands on the metal are varied. 

Dihydrogeo binding to the metal 

The manner in which the molecular hydrogen ligand 
binds to the metal (Fig. 4) is thought to be analogous to 
olefin binding: electrons from the bonding cr orbital of 
the hydrogen molecule are donated to an unoccupied 
symmetric hybrid orbital on the metal. This is 
accompanied by "backdonation" of electrons from metal 
orbitals to the antibonding cr* orbital of H2. In both cases 
the H-H bond is weakened while the H-M interaction is 
strengthened. The factors that govern these electron 
flows are the electronic state of the metal itself and the 
influence of the other ligands of the metal on the state of 
the former. While the former interaction does not give 
the metal-dihydrogen bond a directional property (for 
rotation about the M-H2 axis), the backdonation from an 
antisymmetric orbital on the metal into the cr* orbital 
does. Thus the rotational barrier for the dihydrogen 
ligand may be expected to be sensitive to the latter 
electronic interaction. 

One would not normally expect neutron scattering 
techniques to be able to probe these details directly or 
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Fig. 4 Dihydrogen binding to the metal. 

with great sensitivity. However , the fact that the 
interaction between H2 and the metal is relatively weak, 
and that the rotational constant, B, of H2 is very large 
(about 7 .4 me V or 60 cm-1) combine to make rotational 
tunnelling spectroscopy (along with measurements of the 
torsional transitions) by neutron scattering an effective 
probe of the electronic details of this novel chemical 
bond. 

Contributions to the barrier for dihydrogen rotation 

Inela tic neutron scattering experiments have been 
carried out at the ILL (INS and IN6) and at LANSCE, 
Los Alamos National Laboratory (FDS), to obtain the 
rotational energy levels of the dihydrogen ligand. The 
results can be interpreted in the simplest terms, namely 
planar reorientation in a potential of predominantly two­
fo Id symmetry. Barrier heights for this rotation may 
thereby be derived [2]. At this point one must attempt to 
determine if this barrier has its origin mainly in the 
electronic interactions, or if non-bonded interactions (e.g. 
van der Waals forces) between the H2 ligand and the 
other atoms play a significant role as well. In an earlier 
set of experiments we obtained rotational tunnelling 
spectra on three of the original Kubas complexes. They 
are of the form M(CO)3(TJ2-H2)(PR3)2 (Fig. 5), where 
M = W, Mo and R = Cy (cyclohexyl), i-Pr (isopropyl). 
The e measurements demonstrated that the barrier to 
dihydrogen rotation is largely determined by the direct 
electronic interaction between the hydrogen molecule 
and the metal: the measured rotational tunnel splitting 
changed by a factor of three when exchanging Mo with 
W, but only by some 20 % on replacement of PCy3 with 
P(i-Pr)3. This conclusion was strongly upported by 
sophisticated theoretical calculations (ab-initio, Fenske­
Hall ), which reproduce both the trends and the 
magnitudes of the observed barriers remarkably well. 
Another type of calculation (molecular mechanics) that 
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Fig. 5 Neutron structure ofW(CO)3(P-(iPr)3)2(H2) at 30 K. 
H-H = 0.82(1) W-P = 2.491(5) W-C= 1.954(5) (trans) 
W-H = 1.89(1) W-P = 2.500(5) W-C = 2.010(5) (cis) 

W-C = 1 .997(5) ( cis) 

treats primarily non-bonded interactions was found, on 
the other hand, to drastically overestimate the effect of 
changing the phosphine l igands on the barrier to 
dihydrogen rotation. 

Factors in stable dihydrogen binding 

We have recently collected data (Fig. 6) on the 
missing member of the column of transition metal 
dihydrogen complexes, namely Cr(CO)3(112-H2)(PCy3)2. 
This complex is known to be the least stable of the three 
(Cr, Mo, W). Unlike the other two complexes it looses 
H2 instantly when in solution at 1 atm of H2 pressure 
(stable under about 20 atm of H2), but can be isolated in 
the solid state. Accordingly, the Cr complex was found 
to have the lowest barrier to dihydrogen rotation among 
the three (tunnel splitting of 530 µeV, vs. 330 µeV for the 
Mo and 110 µeV for the W compounds). This 
observation is in agreement with the known trend of 
metal-ligand bond strength down a column in the 
periodic table. 

In another set of recent experiments (IN5, shown in 
Fig. 7) for two complexes of the form [MH(112-
H2)(PPh3)JBPh4 , where M = Fe, Ru, the observed 
rotational tunnel splittings (142 µeV for Fe, 330 µeV for 
Ru) suggest the opposite ordering in metal-hydrogen 
interaction in this column of the periodic table. This 
observation is, however, in agreement with a similar one 
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Fig. 6 Measurement of the transition metal-dihydrogen 
complex Cr(CO)3(H2)(PCy3)2 at 5 K. 
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by Morris and collaborator based on NMR studies in 
solution of the exchange between the dihydrogen and 
tran -hydride ligand [4]. They al o found that the 0 
analogue has the stronge t metal-hydrogen interaction in 
this column. The latter observation is in accord with our 
result for the W, Mo, Cr group and the general notion 
that the third-row transition metals are the best rc-donor , 
and do therefore interact most strongly with the o * 
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orbital of H2 . This, of course , frequent]y leads to 
heteroJytic cleavage of the H-H bond, as is the case for 
most Re-complexes, for example. Our experimental 
observation that the Ru complexes interact Jess strongly 
with the dihydrogen ligand than their Fe analogues can 
imilarly be attributed to the Fe unexpectedly being a 

better back-donor than Ru in these cases. The electronic 
reason for this is not understood , and further 
investigations to this end are needed. 

Similar considerations apply to the effect of the other 
ligands of the metal on dihydrogen binding. Ligands that 
are very electron rich lead to more backdonation from 
the metal , and stronger H2 binding. This can, of course, 
also lead to H-H bond cleavage and dihydride binding. 
We have, for example, studied two Mo-complexes, 
Mo(CO)}("r12-H2)(PCY3)2 and Mo(CO)(112-H2)(dppe)2, 
and fou nd a much higher barrier to rotation (i .e. stronger 
M-H interaction) for the latter. Two factors are likely to 
be re ponsible for this: first, the carbonyl ligands are 
good 1t-acceptors, and therefore reduce the degree of 
backbonding in the former compound. Second, the 
additional phosphines in the latter complex increase the 
degree of backbonding (M-H interaction), but not quite 
to the point of breaking the H-H bond. 

Weakly bound dihydrogen ligands and the H-H 
stretch 

Among the molecular hydrogen complexes we have 
examined with neutron scattering techniques the 
compound FeH2(11 2-H2)(PEtPh2)3 has the largest 
rotational tunnel splitting (about 800 µeV) [5]. This 
would suggest that the H-H bond is less activated in this 
complex than in the others. On the other hand, it is also 
known to have a very low v(HH) of approximate ly 
2400 cm-I. Furthermore, an IR study [6] of dihydrogen 
complexes of the same W, Mo, Cr group with CO 
ligands only (i.e. M(CO)5(112-H2)), that are stable only 
at low temperatures in rare gas matrices, found H-H 
tretching frequencies which indicate a different order of 

H-H bond activation from what we inferred in the same 
series (with different ligand ) from the rotational 
tunnelling measurement . Furthermore , a recently 
discovered, very labile V-dihydrogen complex (in rare 
ga matrix) was also found to have a urpri ingly low 
v(HH) [7]. These apparently contradictory ob ervations 
eem to suggest that the H-H stretch i not imply a 

measure of the degree of backdonation since cr donation 
will also weaken the H-H bond . The barrier to 
dihydrogen rotation, on the other hand, would eem to 
primarily reflect the former, as rotation about the cr(H2)­
to-metal alone would not give ri se to such a barrier. 
These consideration wou ld then lead to the conclusion 
that the balance between cr donation and 1t-cr* 
backdonation for achieving dihydrogen coordination may 
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vary, or, to put it in other words, there may be different 
paths towards oxidative addition of hydrogen to the 
metal. 

Much work remains to be done on these systems 
before the details of this novel and very fundamental 
chemical bond are fully understood. Nonetheless, even at 
the present stage it must be considered truly remarkable 
to what level of detail of this bond inelastic neutron 
scattering studies have been able to provide some insight. 
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Scientific Highlights in 1990 
Surfactant organogels 

Thermotropism and gelation: case of a binuclear copper 
complex in cyclohexane 

A binuclear copper( !! ) complex of a ramified CS fatty 
ac id C u2(O2Cg H1 5)4 ex hibits both liqui d cr ys talline 
thermotropi sm and gelation ability of some apolar organic 
solvents. The thermotropi sm is th at of a di scoti c phase 
(hexagonal array o f linearly tacked molecules). In prev ious 
studies on surfac tant organogels (hydroxysteari c ac id : see 
Annual Report 89 and on a steroid/cyclohexane system: see 
Annual report 88), thi s situation has also been noti ced. With 
thi s new organometalli c ge lator we wa nt to detai l the 
structural connections between the aggregate of the thenno 
reversible gels and the former di scoti c state. 

umerous techniques have been devoted to the study of 
the liquid-crystalline state. Incoherent quas ielasti c neutron 
scattering (IQNS using the high resolution backscattering 
spectrometer I I 0, see A nnual Report 1989) has detailed 
the motions of the outly ing alkyl chains along the directions 
of the columns in fi bres of a laurate deri vative. Concern ing 
the aggregati on and ge lation processes, we observe that 
these alky l chains (length, ramification) play a fundamental 
role (obtaining or not of aggregates and/or gel phases. their 
stability). W e are study ing the small angle neutron scattering 
( D 16 , DI 7, DI I spec t ro m eter s) of va ri ou ys tem 
(solution and ge ls) of the bicopper complexe of fatty ac ids. 
A ty pi ca l rod- lik e, behav i o ur (w ithout detailin g th e 
flex ibility and fi nite length effects) has been ob erved. The 
co rresponding radii o f gy rati on are comparabl e to the 
interco lumnar spacings in the related liquid crystalline state. 
Without prejudging the cross-sec tion size and shape, thi s 
suggests that the mechanism of molecular association in the 
gel phase could be an electronic superexchange between the 
oxygen atoms of the carboxy late groups of one molecule and 
the free oc tahedral site on the copper ion in neighboring 
mo lec ules as it is fo r the li quid-c rys tall ine phase . The 
ex hausti ve data t rea tme nt i s in prog ress but th ese 
preliminary resul ts indicate a strong corre lation between the 
structural features of the thermotropic and gel phases (ILL, 
CE -Grenoble, ULP Strasbourg) . 
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Polymerlike reverse micelles 

In contrast to aqueou micellar ·ystems, reverse mice lles 
at moderately high va lues of surfac tant concentration and 
molar ratio of water to surfactant. w0 , are generally believed 
to have a droplet- like structure. However , we recentl y 
di scovered the formation of ge l- like, vi coe las tic reverse 
mi ce ll ar solution s in th e sys tem lec ithin/organi c 
sol vent/water. Their unusual polymerlike properti es were 
explained with a water-induced one-dimensional mice ll ar 
growth into very long and fl ex ible cy lindri cal reverse 
micelles. At low values of w0 , the micelles are small and the 
solution s have stati c and dy namic properti es whi ch are 
typical for class ical mice llar or colloidal solutions. A t high 
values of w0 , the micellar size can be extremely large, and 
the mice lles have polymer- like properties. We thus have a 
unique system which shows a charac teri sti c sphere-to-rod 
transition normally observed in aqueous solutions only. 

A first se ri es o f SA S ex perim ents on D 11 wi th 
lec ithin/cyc lohexane reverse micellar solutions at w0 = 4.0 
and w0 = 8.0 supported our model and gave exce ll ent 
agreement with the light scattering results. We were able to 
obtain very interesting results both for the local cy lindrica l 
structure and the mice llar flex ibility. The light and neutron 
scattering data were consistent with the presence of flex ible 
cy lindri ca l reve rse mice ll es in so lution o f lec ithin and 
cyc lohexane. D ue to the fact that it was poss ible to work at 
very low volume fractions even for values of w0 = 8.0 close 
to w0 , max, where the mice llar contour length is extremely 
large, we were able to study overall size, flex ibility and local 
micellar tructure within the Q-range accessible to light and 
neutron sca tterin g. For Q < 0.025 11111 - I th e sca tt ered 
inten ity l (Q) is dominated by the finite overall length of the 
particles, and we were thus able to determine the radius of 
gyration Rg of the mice lles. For 0.035 nm- I < Q < 0.1 4 11111- I, 
a Q-2 decay could be observed for l (Q), which permitted a 
characteri zation of the mice llar flex ibility. A t large Q va lues 
(Q > 0.15 nm- 1), I(Q) is controlled by distances over which 
the reverse micelles are rod- like rather than flex ible co il s 
and the asymptotic Q- 1 l imit is recovered, from which the 
local cylindrical structure was investigated. 

T he re ult s fro m ca tter in g ex perim ents w it h 
lec ithin/cyclohexane olutions thus pennitted us for the first 
time to study directl y individual tructural properties of the 
reve rse mi ce ll es prese nt in th e e so luti ons, and we 
co nfi rm ed th e pos tul ate d m odel of f lex ibl e rodlike 
aggregates. 

(ZUri ch CH, Uni versi ty of Tenne see USA, Rutherford 
A ppleton Laboratory UK , ILL F). 

Comparison between static and hydrodynamic lengths in 
polymer solutions: effect. of cross links 

Measurements on polyd imethyl siloxane/to luene wi th 
DI I showed that the stati c correlation length ~ is longer in 
the fully swollen gel than in so lution (Figs. I and 2). The gel 



COLLEGE 9b 

spectra display a tatic large-scale structure plus a solution­
like component. The intensity of the later is in agreement 
with the macroscopic swelling pressure of the gels 
(Macromolecules, in press). 

A corresponding comparison was performed on IN 1 J 
with two incident wavelengths, 8.7 and 5.7 A, and scattering 
angles in the ranges 2° to 13°, and 8.5° to 19° respectively. 
For the collective diffusion mode (Q~< I) the diffusion 
coefficient De in the gel is smaller by about 30 % than in 
the solution (Fig. 3); in the universal Zimm region (QI;;> 1) 
the two relaxation rates become indistinguishable. These 
results are consistent with static observations both of 
osmotic swelling pressure and of the correlation length 
shown in Fig. 2 (University J. Fourier, Grenoble, ILL, ELTE 
Budapest). 

Polymer reptation 

Recently new experimental results (PRL 64 1389 (1990) 
Richter et al.) have shown clear experimental evidence for 
deviation from the Rouse scaling in polymer melts, where 
the intermediate scattering function l(q,t)/I(q ,0) = fr(x) . fr(x) 
being a universal function of a single parameter 
x = Vwo4q4t . This deviation from scaling supported the de 
Gennes reptation concept, where with the appearance of an 
intermediate length scale (the tube diameter d1) the scaling 
breaks down . 

We tried to get more insight into the origin of this 
intermediate length scale by measuring: 

l. The temperature dependence of dt applying Neutron 
Spin Echo spectroscopy . 

2. RG by SANS. 

3. G0 , the plateau modulus by rheological measurements. 

Surprinsing ly dt showed a much greater temperature 
dependence than any of the other parameters (Fig. I). 
According to the Doi-Edwards theory of viscoelasticity d, 
G0 I c00pT should be temperature independent. Instead we 
find a high temperature dependence for T<500K and it 
seems to become constant only above this, where both dt and 
G 0 become independent of T (Exxon, Ji.ilich , ILL) 
(see Fig. 4) . 

Stiff polymers 

Mixture of tiff and flexible polymers exhibit a very 
high resi tance to mechanical, thermal and chemical stress. 
An example of thi s behav iour i Polyetherketones (PEK) 
blended with other polymers. Because of the poor solubility 
of the s tiff component s their characterization is very 
difficult. 

Rece ntly we were able to inv es tig a te the ch a in 
conformation of a Polyetherketone by means of small angle 
neu tron scattering (SANS). We prepared deuterated species 
of PEKEKK, a linear polymer which consists of phenylene 
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units linked by ether and ketone groups. SANS experiments 
were done with blends of protonated and deuterated polymer 
at DJ I and Dl7. The covered Q-range was 0.006 < Q / A-I 
< 0.3 at a wavelength of 10 A. Fig. 5 shows the (absolute) 
scattering curve of PEKEKK in the Kratky representation 
and the scattering function of Yamakawa fitted to the data. 
Following this fir t analysis, PEKEKK may be de cribed as 
a persistence chain with a statistical chain element b of about 
30 A. Compared with PMMA for example (b = I 3 A), the 
stiffness of the main chain is increased. (Mainz, ILL). 

Secretary: B. Farago 
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Steady state - SANS experiments under external 
constraints 
P. Lindner 

on-equilibrium sample environment 

In a standard small angle neutron scattering (SANS) 
experiment the (liquid) sample is usually confined in a 
container of quartz (or another material transparent to 
neutrons) with defined path length and in thermodynamic 
equilibrium with its environment, at given chemical 
compo ition (concentration), pressure and temperature. 
Without external constraints, the scattered intensity (e.g. 
from a dissolved macromolecule) is under these 
equilibrium conditions a result of the space and time 
average of all molecular conformations and orientations 
and an (azimuthally) i otropic scattering pattern is 
observed on a two dimensional multidetector. 

ln a non-equilibrium experiment [ l] , an external field 
is applied to the sample. External constraints can be 
imposed for instance by applying either a magnetic, an 
electric, or a hydrodynamic field. Furthermore, different 
modes of operation are possible. (i) Thus, in a kinetic or 
relaxation experiment, the sample is allowed to relax 
back to eq uilibrium after an externally imposed 
perturbation of its equilibrium configuration. (ii) In a 
cyclic experiment the sample is periodically distorted 
around it equilibrium tate. (iii) A third type of non­
equilibrium experiment is the steady-state experiment 
with keeping the external constraints constant. 

A particularly interesting combination is steady-state 
flow where the liquid sample is exposed to a 
hydrodynamic field during the cattering experiment [2]. 
The solute particles experience force due to viscou 
drag in the streaming fluid which tend to orient and to 
deform them. The intensity distribution on the two­
dimen ional multidetector might become anisotropic 
with re pect to the direction of flow . In the field of 
colloid and polymer science thi relatively new class of 
experiments has attracted considerable attention in recent 
years because, using a cla sical cattering technique in 
combination with an externally applied field, important 
information is obtained, for instance, about structural 
changes of deformable or anisotropic particles (e.g. 
hape and size) and on dynamic properties (e.g. 

flexibility) a well as on thermodynamic behaviour (e.g. 
spinodal decomposition) when the system is in a non­
equilibrium state. A further aspect is the possibility of 
investigating the structure factor of colloidal dispersion 
under applied shear. Although the macroscopic features 
(e.g. viscoelasticity) are well known from rheological 
measurements , the underlying mechanisms on the 
molecular scale have not so far been completely 
understood [3] and are a matter of increasing 
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experimental interest in polymer and colloid phy ics. It is 
obviou that an "on-line" scattering study of flowing 
systems gives in ight into a very realistic state of matter 
since many natural phenomena (e.g. human blood 
circulation) or indu trial proces es (e.g. polymer fibre 
and foil extru ion, flocculation , covering technique ) 
involve such non-equilibrium rather than equilibrium 
conditions. 

Experimentally relevant velocity gradients 

When a liquid is expo ed to a hydrodynamic field, 
different types of flow can be di tinguished which are of 
experimental relevance either in pure form or in 
combination with each other: 

(i) elongational flow with a Longitudinal gradient e is 
best illustrated by a fluid flowing from an orifice in the 
bottom of a vessel due to the action of a gravitational 
field. (ii) pure shear flow with a transverse velocity 
gradient i realized when a fluid streams through a tube 
at constant flow rate. The velocity at the tube wall i zero 
and increases towards the centre of the tube . The 
parabolic velocity profile, called Poiseuille flow, causes a 
non constant transverse flow gradient which linearly 
decrea es from its maximum value at the tube wall to 
zero in the central tube axis. (iii) Couette flow, another 
experimentally important shear flow with a transverse 
velocity gradient, is given between two parallel plates, 
one at rest and the other plate moving with constant 
velocity v2 due to the action of a constant external force. 
In the case of the plane Couette flow the gradient y can 
be written as: 

• V 
y = ...Z.. = const 

d 

where d i the distance between the two plates. 

Flow apparatus for SA S 

From theoretical aspects as well a for experimental 
reasons , the linear, laminar Couette flow i of great 
importance because of its implicity . A Couette-type 
shear apparatu was con tructed for neutron cattering 
experiments with liquid sy tern in a constant hear 
gradient at the SANS in truments D11 and D17 [4]. The 
sample container con i t of an inner fixed piston and a 
concentric outer rotating beaker, both made of quartz 
glas , which is highly tran parent for thermal and cold 
neutrons and shows a very low small angle scattering 
background. The sample is confined in the annular gap 
between rotor and stator. The gap width is sufficiently 
mall (d oc 0.5 mm) in comparison to the cylinder 

diameter (doc 48 mm) so that to a good approximation a 
plane Couette flow with a constant transverse (or shear) 



COLLEGE 9b 

gradient is realized in the annulus (sample volume "" 4.5 
ml) . The ILL shear apparatus, an example of a specific 
development carried out at the Institute, has become 
extensively and routinely used equipment for small angle 
scattering experiments with sheared polymeric and 
colloidal systems in the course of the last few years. 
Moreover, similar shear flow equipment (which fulfils 
special requirements, like a variation of the shear 
gradient direction with respect to the direction of the 
primary neutron beam or an airtight flow cell for 
investigation of volatile liquid systems) had been 
constructed also by several outside user groups and was 
successfully used at the ILL SANS instruments [5-7). 

SANS experiments under laminar and turbulent tube 
flow can be performed with an Poiseuille type apparatus 
which was constructed in collaboration with the 
University of Dortmund for use on D11. The turbulent 
flow experiment revealed structural evidence for the 
orientation of rod-like micellar additives under drag 
reduced, turbulent flow conditions [8). 

Polymer conformation in sheared, dilute solution 

In particular, the shear-induced deformation of a 
single, flexible chain molecule has been systematically 
studied by SANS experiments in laminar shear flow at 
the ILL [9). Under such conditions, information about 
the morphological changes on the molecular level are of 
fundamental interest for an understanding of the 
macroscopic properties of the flowing system: to what 
extent is the conformation of a single, more or less 
flexible polymer chain altered by the velocity gradient in 
the streaming liquid? A distortion of the polymer coil 
conformation in flow has long been predicted by 
theories. In a longitudinal gradient f. a sharp coil­
stretch transition should occur for E't ~ 1, where 't is the 
largest relaxation time of the intramolecular chain 
motion [10), whereas in a transverse (or constant shear) 
gradient y a gradual transition towards an anisotropic 
intersegmental distance distribution is expected with 
increasing shear gradient [11). A common feature of the 
different theoretical treatments of the ideal flexible chain 
molecule in shear flow is to consider the balance of (i) 
frictional forces, (ii) contractile forces and (iii) Brownian 
motion of the chain segments. The friction forces acting 
on the polymer chain segments in the shear gradient 
result in a combined rotation and deformation of the coil 
beside the translative motion in flow direction, whereas 
the elastic properties of the chain resist against a change 
of the shape to less probable chain conformations. 
According to the theories, the coil shape is deformed in 
shear flow and changes to an anisotropic conformation 
with the symmetry of an ellipsoid of rotation. A dynamic 
effect, however, limits the deformation of the single coil 
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in shear flow: shape changes require changes in chain 
conformation, e.g. intramolecular bond rotations which 
are hindered by local energy barriers. 

With scattering techniques it is possible in principle 
to observe the overall molecular dimensions directly and 
to prove the chain extension of a macromolecule under 
flow conditions without dependence upon theoretical 
assumptions. SANS, resolving the range of momentum 
transfer Q in the polymer scattering curve from length 
scales of the order of the overall coil size to the 
scattering of the flexible segment, is a particularly 
suitable method for obtaining information on the 
statistical conformation of the coil molecule in flowing 
solution. 

The normalized scattering curve of a sheared 
polystyrene chain (dissolved in a thermodynamically 
"good" solvent) as measured in a Dl 1 SANS experiment 
with the Couette type shear apparatus at a gradient of 
y = 6 000 s-1 is plotted in Fig. 1. The (anisotropic) two­
dimensional multidetector data have been evaluated in 
the preferential directions parallel ( I I) and 
perpendicular (_L) with respect to the flow direction in 
the gap of the flow cell. 

A distinct anisotropy is observed in the region of 
small values of the momentum transfer Q, where the 
length scale of the radius of gyration (a measure of the 
overall molecular size of the polymer chain) is examined. 
The anisotropy of the form factor is decreasing with 
increasing momentum transfer Q. The cross-over to 

106 shear gradient 6 000 s-1 
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Figure 1. Normalized scattering curve Mw•P(Q)=f(Q) of 
polystyrene ( Mw = 280 000 gl mole, good solvent) in a 
shear gradient of y = 6 000 s-1, evaluated in the directions 
perpendicular ( 1.) and parallel ( I I) with respect to the flow 
direction. The drawn line corresponds to the (isotropic) 
scattering curve of the polystyrene in solution at rest. 
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isotropic cattering (with respect to the directions parallel 
and perpendicular) observed at large Q-values, shows 
that the hort range distribution of chain segments, on the 
length cale of the statistical chain element, is not 
affected by the flow field . 

Figure 2 shows the experimental radii of gyration, 
re ulting from the low Q region, as a function of the 
various hear gradient 'Y applied to polystyrene solution. 
The value <R 1 1 > increa es significantly with increa ing 
hear gradient y , whereas the value <R.1> within 

experimental error is identical to the radius of gyration of 
the un heared polystyrene <Ri o> and independent 
ofy ( ee Fig. 2). 

Ba ed on the experimental radii of gyration , the 
deformation ratio of the polystyrene chain can be 
calculated as a function of the applied gradient and 
allow quantitative compari on with theoretical 
predictions, including the effect of limited dynamic 
rigidity. An ideal flexible behaviour is only found at low 
gradient whereas with increasing shear, the deformation 
of the polymer chain is proved to be smaller than for a 
dynamically infinitely flexible molecule, in accordance 
with theory [9]. 

hear induced aggregation in colloidal dispersions 

Colloidal particle can be bridged together by 
ad orbed macromolecules. If a macromolecule i Jong 
enough, it can collect many particles in a single necklace. 
Jn di persion of silica pheres which have been bridged 
by PEO macromolecules, at low ionic strength all 
particle are collected in necklace , and there are 5 to 10 
particl e per necklace. Shear thi ckening occur in 
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Figure 2. Experimental radii of gyration from a polymer 
solution at rest (dashed line) and from sheared solutions 
( <R.1>: filled circles, <R //>: filled squares) as afimction 
of shear gradient . 
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concentrated dispersions of such necklaces at volume 
fractions q, > 0.01. At low shear the dispersion is a good 
liquid with a viscosity comparable to that of pure 
dispersion . There is a threshold at a shear rate of 
')' = 600 -1, where the viscosity rises suddenly, and the 
disper ion turns into a gel. If the hear is increa ed 
beyond the peak, the dispersion begins to phase separate 
into floes and solvent, and the overall viscosity falls 
(Fig. 3). 

In a recent SANS experiment at D 11 [ 12] the 
tructures of these disper ions were examined under 

shear. At re t the scattering pattern shows a circular ring 
which matches the average di lance between particle in 
the disper ion (Fig. 4a). Just below the threshold, the 
dispersion align along the flow direction; the degree of 
order mu t be quite high , since all the intensity i 
collected in 2 spots on the vertical axis (Fig. 4b). If the 
dispersion is heared beyond this point, a vertical tripe 
appears in the middle of the pattern , indicating 
ani otropic aggregation (Fig. 4c). With further shear, the 
pattern is wamped by an isotropic rise in inten ity near 
the beam, indicating that the aggregation proces 
becomes isotropic . At thi point, vi sual observation 
shows that the dispersion has separated into lump 
(floes) and water. The e finding can be analyzed as a 
hear-induced pha e separation . ln thi re pect the 

important ob ervation is that the phase eparation i 
preceded by full alignment of the necklace . 

Outlook 

Only two examples have been given to illu trate the 
many possibilities for inve ti gation with the flow 
apparatus. Thus, neutron scattering is a very convenient 
technique for performing non-equilibrium experiment : 

I 
30 II 

1Q 
JC,;021 I \ 

I q 
V) 

20 
I 

' 0 I 0 Q. 
I ' E ' <> I ... 

i=- I ' -0- - - _ Q 
10 I 

I 
I 
I. 

a:P 

0 1 000 2000 3000 4000 

y(S-1) 

Figure 3. Shear viscosity of a concentrated colloidal disper ion 
of silica spheres bridged by PEO 
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SANS in conjunction with steady state shear flow 
provides a unique method for relating changes of the 
micro copic structure to macroscopic bulk behaviour. 
The Couette type shear apparatu has been modified by 
installation of a torque transducer. First on-line shear­
vi co ity mea urement with a rod-like rnicellar solution 
during a SANS experiment in laminar shear flow have 
been performed recently. This modification provides an 
interesting exten ion of shear experiments for interfacing 
structural propertie with rheological behaviour of 
flowing colloidal or polymeric fluids in the sense that 
viscosity (rheology) and cattering intensity ( structure) 
are measured simultanously and with the same apparatus. 

Figure 4. DI 1 contour plots of silica/ PEO dispersions 
a. at rest, b. scattering pattern just below the threshold shear 
rate of y "'600 s- 1, c. scattering pattern above a shear rare 
ofy z600s- l. 
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New 600 mm long !Ni I analyzer with 
cobalt-titanium supermirror coating. 

INSTRUMENTATION 

Set-up of the new D20 multidetector in 1he test hall. 

View of1h e central par1 of the new Neutron Spin Echo Spectrometer JN/5 in the second 
Guide Hall . In the centre is the sample table with the coils of the guide fie lds on both 
sides. 
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INSTRUMENTATION 

The Doppler machine of the new Backsca/lering Spectrometer INI0C at the Horizontal 
Cold Source . 
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The analyzer of the new Backscattering 
Spectrometer IN I 0C. 

The Cryogenic Polarization. Analysis 
Device (CRYOPAD ) in operation on 
the IN20 sample table. This novel 
Zero Field Polarimeter makes use of 
neutron transparent Meissner shields 
to achieve the fu ll control of the 
neutron polarization vector before and 
after the scallering process. 
Therefore, General Polarization 
Analysis (CPA) is becoming routinely 
applicable in thermal neutron 
scattering. This technique is adding a 
new dimension to the area. the 
pote111ial of which has been shown 
recently in the study of complicated 
antiferromagnetic structures. 



INSTRUMENTATION 

Advanced polarization tools for 
the CRYOPAD. Vertically 
mounted perpendicular to the 
beam in the sample axis these 
large test tubes are made of thin 
Niobium walls transparent to 
neutrons. Once cooled at liquid 
Helium temperature they 
surround the sample chamber 
with concentric superconducting 
shields . These magnetic 
Meissner shields are essential 
elements f or the control of the 
three components of the neutron 
polarization. 

View of the upper platform installed on "niveau D" f or the upgraded EDM apparatus. The storage chamber 
with its surrounding magnetic shield can be seen in the centre of the new platform; on the left is the cabin 
housing the high voltage supply. 
In the centre of the intermediate floor is the facility which g1iides the ultra-cold neutrons in the upward 
direction through a polarizing f oil. By this way space has been made available on this floor f or other UCN 
experiments. 
The long wavelengths ( 100 A) inte,ferometer is housed in a cabin which can be seen on the right of the same 
floor. 
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INSTRUMENTATION 

A railway rail head is mounted on D20 and ready for neutron strain 
scanning. 

P. Websrer (Salford Unii •ersiry) 
(left) and P. Conl'ert at rite D20 
diffracrometer used as newron 
srrain scanner. 

Top 1•iew of rhe 128 x /28 cells multidetecror 
( 15 mm wire spacing) wirh delay-line reac/0111. 

side view top view 

Direction of trancription 

Figure 2 (College 8). The orienrarion of RNA polymerase (RNAP) wirh respecr 10 rhe direction of rranscriprion was derermined by measuring 
its centre-of-graviry disrance from a Ter repressor bound ro a sire artificially placed opposire of rhe promoror site binding RNAP. The l'alue of 
150 A found by small-angle neutron scattering is comparible only wirh rhe large side of rhe asymmerric RNAP facing downstream . 
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INSTRUMENT OP ERA TION DEPAR TM ENT 

- ADVANCED CRYOGENIC SERVICE P. 84 

- CENTRAL SERVICE P. 84 

- CHEMISTRY AND BIOLOGY LABORATORIES P. 84 

- BUILDING MAINTENANCE AND MODIFICATION SERVICE P. 85 

- INSTRUMENT GROUPS P. 86 

o NUCLEAR AND FUNDAMENTAL PHYSICS P. 86 

8 THREE-AXIS SPECTROMETERS P. 88 

o TIME-OF-FLIGHT, HIGH RESOLUTION P. 89 
AND DIFFUSE SCATTERING 

o DIFFRACTION INSTRUMENTS P. 95 

o SPECIAL INSTRUMENTS AND EXPERIMENTS P. 98 
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INSTRUMENT OPERATION DEPARTMENT 

Advanced Cryogenic Service 

This service is re ponsible 

i) for sample environment below 1 K 
and for high magnetic fields, 

ii) for thermometry and temperature control. 

The last batch of five ILL precision temperature 
controllers have been delivered and installed on the 
instruments. The de ign and development of a new 
temperature controller called ILLSEC (ILL Sample 
Environment Controller) has started. A number of small 
development projects have been pursued: a new monitor for 
tran urania experiment and improved level gauges for 
helium and nitrogen ves el . Thermometry at very low 
temperatures has been significantly improved by a 
calibration campaign of thermometers down to 20 mK. 

The dilution insert for the 6 Tesla TAS cryomagnet has 
been successfully used for two sc heduled experiments 
reaching its designed base temperature of 30 mK. Interest in 
the use of magnetic fields as a sample environment seems to 
be growing (more than ~80 day between the two pool 
magnet ). 

Very low temperature experiments (20 mK < T < I K) 
have been performed on 25 samples. The dilution insert for 
I 5 and I 6 (orange cryostat with 70 mm bore) has been 
completely rebuilt. In collaboration with the lnstitut LAPP 
(Annecy) and the Walther-Mei ssner lnstitut (Garching) a 
dilution insert in an orange cryostat was tested and 
commissioned. The development of a dilution refrigerator 
insensitive to gravity wa continued in collaboration with the 
CRTB [A. Benoit, S. Pujol, LT 19, (1990)). The results are 
now sufficient to start the construction of the dilution 4-
circle cryostat. Some progress ha s been made in the 
con truction of the project ' Godfrin ', i.e. the 5 mK dilution 
refrigerator. 

Central Service 

The Central Service is re spon ible for the general 
organisation and maintenance of the experimental hall s, 
as istance for the running instrument and provision of 
sa mple environment for te mperatures above 1.2 K. 
In collaboration with the Reactor Divi sion and the 
Instrument and Methods Department, the work connected 
with th e beam tube exchange of H8 and H 10, i.e. the 
dismantling and reinsta llation of the in truments I I , D4, 
IN8 and D 15, was carried out successfu lly . New instrument 
cabins were installed for IN20, PN8 and lN4. An extensive 
campaign of control and verification of beam shutters was 
started. New illuminated trefoils to indicate the state of beam 
hutter were developed in collaboration with the Reactor 

Division. 

84 

Sample Environment 

Two new top loadin g c losed cycle refrigerators , a 
cryofurnace, improved manual cold valves , a pneumatically 
driven automatic cold valve and an automatic liquid helium 
filling device are among the developments which have been 
completed during 1990. The con truction of cryofumaces for 
IN 13 and IN I 0C is in progre s. Approximately 70 000 litres 
of liquid helium were used with a recovery of 90 % of the 
gas. The manpower of the high temperature-high pressure 
group has been increased by one new member. However C. 
VETTlER has stopped hi s activity as the high press ure 
animator and local contact. K. GOBRECHT took over part 
of thi difficult role. We would like to take the opportunity 
to thank C. VETTIER for the tremendous effort he made to 
develop, to run and to improve the ILL high pressure cells. 

40 ex periments on 16 different in s truments were 
performed in 1990 at press ures above 1 kbar. Two high 
pressure generators using He up to 5 kbar are now available. 
The CuBe (amagnetic) and the TiZr (zero-matrix) cells are 
more and more frequently used. New materials for clamp 
cells and pressures above 20 kbar are under study (SiN). 

' on-magnetic' furnaces have been developed for IN I I 
( I 600°C) and 07 (I 000°C). Existing furnaces have been 
improved (better vacuum, temperature up to 1 800°C). 
Development work was carried out for the very successful 
test ex pe riment on IN I 0 , where the Doppler drive was 
replaced by a temperature scanning device (see section 
' Instrument Groups'). 

The vacuum laboratory group continued to improve and 
replace existing vacuum material. Three turbo-molecular 
pump ets and one hydrocarbon-free pump set became 
available. The new evaporator for the uclear Physics 
Group ha been ordered and will replace the old one in 1991 . 
The re ponsibility for noise reduction in the experimental 
hall s (noi se created by pump ) was transferred to the 
vacuum group. Important improvement have already been 
achieved. The vacuum group also participated in the 
preparation and carrying out of leak test of the transuranium 
sample containers. 

Chemistry and Biology 
Laboratories 

The biochemistry laborato ry has been completely 
recon tructed and its size increased to accept in addition to 
the short term ILL users a team of long term visitors from 
the CNRS working on the structure and the biochemistry of 
proteins of the Adeno-virus. Improvements have been made 
in the equipment of the chemistry laboratory (new balances, 
ice machine, vacuum furnace). 



INSTRUMENT OPERATION DEPARTMENT 

Building Maintenance 
and Modifications Service 

The essential acti vities of the Service are maintenance, 
re pairs, imp ro ve ments a nd co nstru c ti on, renovati on , 
modification and equipment of site, buildings and technical 
insta ll ations (except the reactor). 

The princ ipal work carried out in 1990 inc luded the 
repainting of ILLI , the installation of a gas suppl y for the 
chemistry laboratory, the removal of the ' specia l water ' 
dra in , the construction of two sto rage buildings and the 
renovation of the roof of ILL1 5. Offices have been modified 
in ILL4, ILL6 and ILL20. The shi e lding and elec tri ca l 
eq uipment of the new instruments IN I0C, IN 15, D22 and 
EVA was compl eted. Handling dev ices, air conditioning 
systems, instrument computer cabins and working platfo rms 
have been in sta lled on severa l ex perimenta l s ites. The 
Service also took part in the beam tube exchange of H8 and 
H 10. T he ma inte na nce of th e buildin g and techni ca l 
install ations of the EMBL outstation and participation in the 
common JLL/ESRF s ite preparat ion and studi es fo r the 
Common Building were other tasks of the Service. 
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INSTRUMENT GROUPS 

Nuclear and Fundamental 
Physics 

PNI 

PN2 

PN3 

PN4 

SNS 

Fission product separator (Lohengrin) 
on beam-tube H9 (H.R. Faust, I. Gartshore). 

Beta spectrometer (BILL) on the vertical 
beam-tube V3 
(S. Judge, B. K.rusche/U. Mayerhofer, H. Just) 

Three curved crystal spectrometers (GAMS 1,2,3) 
and one flat crystal spectrometer (GAMS4) 
on the throughgoing beam-tube H6-H7 
(H. Borner, S. Robinson, 
P. Schillebeeckx/A. Wi lliams, R. Oliver). 

Ge(Li) pair spectrometer on beam-tube H7 
(S. Robinson, R. Oliver). 

Ultra-cold (UCN) and very cold (VCN) 
neutron source with 2 beam positions 
on the inclined beam-tube IH3 
(P. Ageron, W. Mampe, R. Bender). 

SN7 /PN7 Cold polarized neutron beam at end position 
of guide Hl4 (K. Schreckenbach, J. Last) . 

PN8/SN8 Fission product coincidence spectrometer 
(Cosi Fan Tune) (P. Geltenbort). 

H 17 Cold neutron guide with liquid helium 
UCN source (P. Ageron , R. Golub). 

H 18 Cold neutron guide (W. Mampe). 

H22 Thermal neutron guide: neutron induced particle 
emission (H22D) (P. Geltenbort); prompt gamma 
activation analysis (H22E), (S. Robinson, 
R. Oliver); y,y angular correlation (H22F), 
(S. Robinson, K. Schreckenbach). 

TOY Vertical VC guide in cold source connected 
to Steyerl turbine producing UCN ( iveau D), 
(P. Ageron, W. Drexel , W. Mampe, 
M. Pendlebury, R. Bender, H. Just, A. Steyerl). 

-nn Neutron-antineutron oscillation experiment 
at the cold neutron beam H5 (D. Dubbers, 
K. Gobrecht, J. Last). 

Fission Research 
PNl 

The instrument control via a PC (PC-bu and IEEE­
interface system) proved reliable during the year. Electric 
field , magnetic field and the tape facility to collect fission 
products at the exit slit of LOHENGRIN are now fully 
controlled by the personal computer. Work is in progress to 
monitor all relevant instrument parameters (vacuum , high 
tension formation current, diaphragm po ition etc) u ing the 
PC. The optimi ation of the high ten ion regulation 
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proceeded successfully with the implantation of an improved 
version of the slow regulation loop. The project for the 
implementation of a third field on the LOHENGRIN 
spectrometer (magnetic dipole) is in progress. 

Spectroscopy 
PN2 

During 1990, a number of improvements have been 
initiated for PN2. A microVAX has been installed which, in 
the long term, will replace the instruments' PDPl l. Apart 
from the day to day advantages of easier file transfers, 
programming etc. that the new computer gives, it will be 
possible to offer visiting scientists a ' user-friendly' software 
for data acquisition and analysis. 

Two projects have been set up to improve the capabi lities 
of PN2 for meas uring subshell ratios of conversion 
electrons: firstly, software has been written to take into 
account the effect of natural linewidth on the shape of the 
spectra, and secondly, a 64-wire proportional counter is 
under development to improve counting statistics at high 
resolution. 

Finally, a new vacuum evaporator for producing targets 
has been purchased. 

PN3/4 

Experiments at the in-pile (n,y) facility were hared 
between the bent crystal spectrometers GAMS 1,2,3, the 
double flat crystal spectrometer GAMS4 and the 
pair/anticompton spectrometer PN4, leading to a heavy 
demand for this beam position. Various improvements were 
implemented at the instruments. 

The interferometers of the two-axi s flat crystal 
pectrometer GAMS4 were upgraded. The determination of 

the rotation of the spectrometer arms attached to the two 
diffracting crystals is now carried out by u ing a stabilised 
He-Ne-laser in a two-frequency mode. 

Simultaneously, both GAMS2/3 and GAMS4 were 
connected to a new µVAX, which is better suited to handle 
the control of these instruments. 

A new Compton y-polarimeter for the use at GAMS4 
wa constructed and a preliminary calibration of thi 
polarimeter was carried out. By increasing the cro s 
sectional area of the collimator slit inside the magnet core by 
a factor of 4 an appreciable improvement in counting 
statistics will be achieved. 

By adapting the associated analogue electronic and 
adding a further ADC to the system, it i now po sible to 
configure the pair spectrometer PN4 in a Compton 

uppres ion mode. The sensitivity of this set-up is 
approximately equivalent to a normal, unsuppres ed, Ge 
detector. Therefore, by running the pair and Compton mode 
in parallel , the problem of changing detectors is eliminated 
and more statistics can be gathered than previously po sible. 



INSTRUMENT GROUPS 

S51/S34 

These beam positions at the thermal neutron guide H22 
were used for nuclear spectro copy research and prompt y­
ra y ac tiv ati on analysis of geologica l samples . A new, 
microcomputer based, multipararneter aquisition system has 
been bought. This will enable much impler data aquisition 
set-ups for coincidence experiments and also multidetector 
counting for imple single spectra. Short sections of neutron 
guides have been bought, which will be used to extend the 
current neutron guide by an extra few metre (with gaps for 
intervening in trument ) thu improving the flux to both the 
S5 I and S34 instruments. 

Fundamental Physics 
A variety of fundamental phy ics experiments were 

performed in 1990 on different neutron beam : VC beam 
and UC beams from the neutron turbine (TGV on iveau 
D), the original UC source S 5, the cold neutron beams 
H 17, H 18 and P 7, the cold beam for nn and several 
dedicated experiments at variou in truments or other beam 
po itions. The results of the experiments are summarized in 
the scientific sec tion for College 3. Some comments are 
given here as to technical developments and use of the 
beams. 

VC beam and UC beams at level D 

The technical development at this very cold and ultra­
cold neutron faci lity on level D of the reactor is described in 
the section Special In truments and Experiments . In 
fundamental physics the search for an EDM of the neutron 
was continued ( H arvard- ILL- Ruther ford-Sussex­
Wa hington co llaboration). After completing the recent 
mea urement of the neutron EDM publi hed in 1990 the 
instrument used on level D ha been rebuilt with the 
innermost magnetic shield removed to make room for a 
larger neutron torage chamber, ee photograph page ... It is 
intended that the instrument will run again in 1991 with a 
fivefold increa e in neutron coun ting rate and with a new 
atomic magnetometer which will simultaneously occupy the 
same storage volume as the neutron . 

The neutron life- time was precisely determined in a 
UCN torage experiment (Kurchatov Institute, Moscow­
ILL). Storage time and neutron leakage were measured for 
various temperature and surface areas. Thermal neutron 
created by the up cattering of stored UC were counted. 
The time distribution of the e count was an important 
feature of the data (see the College 3 part of the annual 
report). 

The work at the long base line neutron interferometer for 
100 A neutrons was continued and the in tallation has been 
improved by adding a cabin to contro l the air temperature 
and keep out ound and by modifying the levelling sy tern 
for the table (Vienna-Munich) ( ee al o In trument Group 
"Special In truments"). 
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HIS 

Polarized 15 A neutrons were used to search for a 
diffraction pattern which could be interpreted as neutrons 
with mean spin componen t larger than 1/2 (Heidelberg/ILL). 

S 5 

Various surface of neutron gu ides were investigated by 
multiple reflection of 60 A neutrons, providing data on total 
reflection angle and lo s per reflection. 

PN7 

The former pecial beam position S 7 was converted 
into a P instrument. During the year the polarized beam 
wa used for a beta asymmetry measurement in the free 
neutron decay (LAPP-Chambery-lLL ), a calibration of a y­
polarimeter by almo t 100 % longitudinally polarized y-rays 
from the ( n ,y) reaction (ILL) and experiments on parity 
violation in ( n,f) and (n,y) (Leningrad, Moscow, 
TUbingen). An improved method for the determination of 
the degree of polari sation was developed. The polarizer and 
analyser were cyclically permuted using three different 
superm irror polarisers. Together with two spin flippers the 
method yie lded the sp in flip efficiency (99 %) and polari ing 
power (98 ,5 %) for each spi n-flipper/polari zer with a 
preci ion of 0,2 %. 

nn 

The experiment searching for nn oscillations wa 
running continous l y over the year. The magnetic 
compensation of influences from nearby instruments wa 
improved. 

50 

The long ba eline experiment for a precise determination 
of h/mn, operational at the monochromatic thermal beam 
S50 (PTB Braun chweig), was continued. The meander coi l 
y tern operating at 750 kHz, used for modulating the 

neutron pin direction, will oon be replaced by a single coil 
with a ferrite core running at the same frequency. For the 
more di stant future a chopper i s being developed to 
modulate the beam intensity at 5 MHz. 

Coordinator: K . Schreckenbach 
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Three-Axis Spectrometers 

3-axis and beryll ium-filter spectrometer on the 
hot source beam tube H8 (H.J . Lauter, B. Dorner). 

8 3-axis spectrometer on the thermal beam-tube 
HlO (J.L. Martinez, B. Fak, J. Bossy, R. Arthaud). 

12 3-axi spectrometer on the cold guide H 142 
(S.M. Hayden, B. Fak, H. Godfrin and 
D. Puschner). 

IN 14 3-ax is pectrometer on the cold guide H53 
on the horizonta l cold source 
(R. Currat, M. Alba, A. Brochier). 

IN20 3-axi spectrometer fo r neutron polarisation 
analys is on the thermal beam-tube H 13 
(A. Severing, C. Vettier, A. Dorn). 

Instruments 
I 1 Hot source three-axis spectrometer (HS). 

The in trument operated re li abl y over the scheduled 
period , which was slightl y extended at the expense of the 
Be-filter spectrometer time. A new cabin will be installed 
shortly . This cabin will be shared between IN I, INFB and 
D4. It will provide the u ers with a more quiet environment 
fo r on-line data trea tment during ex pe riments . Fin ally, 
starting in January 199 1, a technician will be available fo r 
the three in trument on the H8 beam-tube. 

INFB Be-filter (HS). 

The Be-filter is used in combination with the Cu(200) 
and Cu(220) monochromator crystals. With varying incident 
wave length , the automated interchange between the two 
crystals is required in order to match the 5 meY resolution 
of the filter itse lf. The Be-graphite combination filter, with a 
re olution of less than 2 me V, usually requires the Cu(33 I) 
monochromator crys tal. Both instrument have operated 
without any problem during the la t cycles. 

I 8 Three-axis spectrometer 
on the thermal beam-tube HlO 

During the winter shut-down, the HI O beam-tube was 
replaced. The exchange operation, perfo rmed by the Reactor 
Department in co ll abora tion with Ed ex, was entire ly 
successful , and the spec tromete r could be ra pidl y re­
assembled. The instrument became full y operational again in 
May 1990. Apart from a genera l I O % loss in flu x due to the 
reactor power reduction , the perfo rmances and reliabili ty of 
the machine have not been affected. 

The two " in -pile" collimators ( 15' and 30'), loca ted 
between the monochromator and the reactor face, have been 
replaced as well. ew 30 collimator are available in the 
mo noc hro mato r- to-sa mpl e and ana ly e r- to- de tec to r 
position . In order to minimize the IN S users' exposure to 
radiation , the control teletype of the in trument has been 
relocated at a pos ition further removed from the irradiated 
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area. The spectrometer movements may still be visuali zed 
on a video camera monitor. Finall y, an additional secondary 
beam- hu tter has been installed, which completely isolate 
the monochromator section from the experimental area. Thi 
new afety feature is parti cularl y useful during coll imator 
interchange operation . 

I 12 Three-axis spectrometer on the cold guide H142. 

The in trument has operated satisfactoril y throughout the 
yea r. Although there have been no major changes to the 
spectrometer, a number of improvements are planned in the 
near future. The polarized beam ver ion of the instrument 
will be updated to allow for an eas ier and more flex ible mode 
of operation. The monochromator protection will be modified 
in order to accommodate shorter collimator . As a result, the 
collimator interchange procedure will also be simplified. 

I 14 Three-axis spectrometer on the horizontal 
cold source (H53 guide). 

Th e in strum e nt ha bee n ava il a bl e for sc hedul e d 
experiments during mo t of the year. The remaining beam­
time was set aside for instrument tests and developments. 

A new ve rtic a ll y- fo c u s in g co mp os ite Si (3 11 ) 
monochromator was in tailed and ca librated in the Spring. It 
wa found to offe r inte res tin g poss ibiliti es for hi g h 
resolution experiments in the 8-to- 15 meV incident energy 
ra nge. Mu c h of th e tes t tim e has bee n devote d to 
implementing the polarized beam option, using a polarizing 
supe rm irro r bende r and a He us le r ( l I I ) ana lyze r. Th e 
bender transmi ss ion wa fo und to vary from 50 to 25 % 
aero the available inc ident energy range (2 to 14 meV), 
with a polarization effic iency of the order of 90-95 %. 

The polarization and re fl ecti vity characte ri stics of the 
He us le r ana lyzer we re a l o te ted and proved ve ry 
atisfac tory, particul arl y for low energy , high reso lution 

work . A complete d e c ripti o n o f th e in strum e nt 
perfonnance, in both polari zed and unpolarized versions, i 
available on request. Further developments will involve a 
econd bender, optimized for long-wavelength neutrons and 

a vari able-wavelength higher-order filter. 

I 20 Three-axis spectrometer with polarization 
analysis on the thermal beam H13 

The experimenta l zone o f th e in trume nt has been 
extended to accommodate the precession coil for the spin­
echo option. This wa achieved without any interruption in 
the ex perimental program. However, some di turbance 
have occurred due to breakdown of the T AS cryomagnet 
which is heavily used on lN20 for polari zed neutron work 
over all reactor cycles. This di fficult ituation could be eased 
with the acqui ition of another vertica l fie ld cryomagnet. 

ew encode r fo r the ample goni omete rs have been 
in tail ed . Becau e they are in en iti ve to fringe fi elds from 
magnet , acc idental tilts of magnet should be prevented. 

Coordinator: R. Currat 
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Time-of-Flight, High Resolution 
and Diffuse Scattering 

IN4 Time-of-flight spectrometer on the thermal 
tube H 12 (A. Murani , H. Mutka, 

IN4C 

INS 

IN6 

INIO 

INI0C 

fNI I 

I 13 

INl5 

A. Dom (technician)) . 

New TOF spectrometer with a Brillouin option 
(project) (H. Mutka). 

Multichopper TOF spectrometer 
on the cold guide Hl6 (G. Kearley, 
F. Rieutord , H. Blank, S. Jenkins (technic ian)). 

Focussing TOF spectrometer 
on the cold guide H 15 (A.J . Dianoux, R. White, 
S. Jenkins (technician), Y. Blanc (technician)). 

Upgraded back catte ring spectrometer 
on the cold guide H 15 (B. Frick, J. Cook, 
P. Joubert (technician)). 

New backscattering spectrometer 
at the hori zontal cold source (project) 
(B. Frick, J.L. Coquin, Y. Blanc (technician)). 

Spin-echo spectrometer 
on the cold guide H 15 (B. Farago, J.F. Legrand , 
J. Bauchat (technician)). 

Back cattering spectrometer fo r short 
wavelengths on the thermal guide H24 
(W. Petry, J. Williams, 
J .F. Barthelemy (technician)) . 

High-resolution spin-echo spectrometer 
fo r long wavelength (project) (A. Kollmar, 
F. Mezei, D. Richter, F. Douchin , 
J.F. Barthelemy (technician)). 

D7 Diffu e scattering instrument with polarization 
analy i on cold guide HIS (0 . Scharpf, 
R. Rebesco (technician)). 

D 11 Small-angle catte ring diffractometer 
on the cold guide H 15 (P. Lindner, 
P. Timmins, R. May, R. Baker (technician)). 

DI 7 Low-Q, low-re olution diffractometer 
on the cold guide H 17 (R. May, P. Terech, 
M. Cruz (technician), R. Gay (technician)). 

D22 New low-Q diffractometer 
on the cold guide H5 I 2 (project) ( R. May, 
M. Thomas, R. Gay (technician)). 
Group Engineer: F. Douchin 

IN4 TOF spectrometer on the thermal tube H12 

Follow ing the major modi fica tions ca rried out at the 
beginning of 1989 we have now installed a motor dri ven 
trans lating monochromator table with a graphite plus two 
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coppe r ( l , 1,1) and (2,2,0 ) mo noc hro mators. Thi s now 
permits a remote monochromator change providing great 
flex ibility for energy selection (Ei = 17, 45, 68, 11 5 and 155 
meV) as well as saving beam time necessarily lost (cooling 
down period for reactivity plus intervention time) during the 
earli er manual exchange. When uitable monochromator 
e lements become ava ilable it is hoped to in corpora te 
curvable monochromators within the translating table. 

The problem of no i y working conditions within the 
reac tor hall has been parti all y solved by install ation of a 
cabin housing the computer terminal are providing limited 
working space for experimentalists. The uite of software for 
instrument control as we ll as data inspection and analys is 
has also been improved. 

IN4C ew TOF spectrometer with a Brillouin option 

Since the approva l of the instrument concept in March 
the project on the high effi c iency thermal TOF spectrometer 
has now entered the phase of technical tudy. At present the 
work concentrates o n the techni cal optimi zati on of the 
bac kground c hoppe rs, whi c h is a c riti ca l point in 
determining the geometry. The beam size, by consequence 
the area of the monochromator with variable curvature and 
the exac t foc uss ing conditio ns will de pend on the fin al 
results of thi s chopper optimization . According to the actual 
budget plan the main part of the financing will be avail able 
in the pe ri od 1992 to 1993 and th e in trument w ill be 
operational by 1994. We can reca ll that thi instrument is 
designed fo r a (Q,w)-range from 0.1 to 10 A- I, I to 100 meY, 
with a re olution adju table in the range from 2 to 5 %. 

The Brillouin option propo ed to operate in parall el on 
the same beam hole aims at inelas ti c experiment at low 
a ng le a nd good reso luti o n w ith inci de nt e ne rg ies 
( 10 to 50 me Y), in the ra nge 0. 01 - I < Q < 0. 2 A- 1, 
0.1 meY < w < 5 meV where no standard instrumentation 
ex ists at present. During the coming year real cale tests are 
to be carri ed out in orde r to ga in ex pe ri ence under rea l 
conditions, necessary for extrapolating towards the proposed 
in trument parameter concerning the stringent wave length 
and angular resolution requirement . 

INS Multichopper TOF spectrometer 
on the cold guide H16 

I 5 is now controlled by a micro Vax. A completely new 
software package which INS ha in common with IN4 and 
I 6 ha been deve loped . Data in pec ti on us ing GENIE 
(RAL ) is ava il a bl e o n a ll three inst rum e nt s a nd is 
appreciated by Briti h u ers. 

After 5 years fa irly conti nuou ru nn ing of the chopper 
system a mechan ical overhaul became urgent. All vacuum 
seals were replaced and readjusted. Two damaged chopper 
di sks were fo und whi ch acco unt fo r the hi gh leve l o f 
wavelength impurities encountered before the overhaul. One 
disk was repl aced by the onl y spare and an approp riate 
means of repairing the damaged gadolinium coating is being 
investigated. 



INSTRUMENT GROUPS 

We are pre ently testing a system of in-guide collimation 
for low-q experime nts using a DI l spare detector. 
The q-resolution should be improved by more than a factor 
of 2 at A. = I 0 A. Another major improvement for the e 
experiments will be next year installation of an evacuated 
flight path pre ently under construction. 

IN6 Focussing TOF spectrometer 
on the cold guide HlS 

This year again the instrument has worked ati factori ly 
and despite the long reactor shutdown at the beginning of the 
year, 46 experiments have been performed. Only one 
experiment had to be rescheduled due to the breakdown of 
the furnace, which had no replacement at that time. 

In the second half of the year, the data were al o 
accumulated with the new VME electronics, working in 
parallel with the old CAMAC system. This has permitted the 
carrying out of extensive hardware and software te ts of the 
new ystem. During the November shutdown, the new data 
acq ui sition software has been implemented on the 
instrument. At the reactor start the data acquis ition was 
definitively sw itched over to the VME electron ics and the 
experimental programme was continued subsequently with 
practically no disruption. The new system will permit the 
use of a variable channel width across the spectrum. Thi s 
will lead to a better definition of the spectrum in the quasi­
elastic region. 

I 10 Upgraded backscattering spectrometer 
on the cold guide HlS 

Of the 180 cheduled measuring day s on I I 0 , 
effectively no losses were incurred after allocations of buffer 
time (apart from those caused by un scheduled reactor 
shutdown ). 

During 1990 complete revisions have been made of the 
furnace, cryofurnace and sample goniometer. The furnace i 
now mounted with an Alcatel 5150 turbo-molecular pump, 
in compliance with the evolving ILL standard. The VAX­
station has recent ly acquired VMS version 5.3 and a 
replacement D.C. motor and associated control electronic 
has been bought for the Doppler drive. Two new large area, 
unpolished Si ( 11 l) analysers ( 4 plate ) are al so fore een 
for 1991. 

A comp lete ly new mode of operation of IN I 0 is 
currently under development [I] in order to greatly extend 
the dynamic range afforded by the Doppler drive . The 
principle is imilar to that of IN 13, whereby a cryofurnace 
arrangement is used to change the monochromator d-spacing 
and therefore the incident energy. Recent test measurements 
have been performed for a KC! monochromator using the 
backup continuou -flow nitrogen cryofurnace of IN 13 , 
mounted on a specially-de igned goniometer . In the 
available temperature range (77 - 770 K), an energy transfer 
range of +83 < w (µeV) < -16 (for Si( l l l ) analysers) was 
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possible wit h littl e loss in intensity at the hi gher 
temperatures (see Fig. L). (The theoretical maximum energy 
transfer for KCI being about 150 µeV close to the melting 
point). The energy resolution (FWHM) was measured to be 
around 0.9 µeV and the intensity is estimated to be greater 
than one half of that for the current Si(l 11) unpoli hed 
monochromator. By u ing a selection of imi lar 
monochromator crystals it is hoped to cover a continuous 
range of energy transfers from -+ 160 µe V to around -
300 µe V. During 199 I, it i planned to build a dedicated 
cryofurnace permitting a very homogeneous monochromator 
temperature. IN JO wi ll thus be able to offer an energy 
transfer range simi lar to that of IN13 but with an energy 
resolution between 0.6 and 1.0 µeV. 

[l] J.C. Cook, W. Petry, B. Frick, A. Heidemann, ILL 
Internal Report, in preparation. 

INlOC New backscattering spectrometer 
on the cold guide HlS 

The construction of IN I 0C showed con s iderable 
progress in I 990. Two major components of the instrument 
were finished this year: the monochromator and the graphite 
deflector-chopper. 

The sy tern for guiding the monochromator (about 6 kg) 
was changed. This way the monochromator is fixed now 
directly onto th e piston of the Doppler dri ve, thus 
e liminating a major part of the vibrat ion . The 
monochromator itself was manufactured at the ILL and the 
Si(l 11 ) single crystals (4x4 mm2 each) were glued onto the 
spherically curved support . The tests with neutrons revealed: 
i) good optical quality, i.e. a sharp image of the exit window 
of the upermirror guide, ii) a flux increase of a factor of 5 
compared to IN I 0, when the incoming beam was deflected 
by graphite cassette s to the monochromator us ing a 
wavelength of 6.27 A and backscattering to the focal point. 

60.0 . .. (CH 3)2 SnC l 2 T = 1 .8 K 
-~ 50.0 
C ·. IN 10 KC 1 monochromator :, 

c 40.0 .. 
_g 
.:e 30.0 

C 

8 
0' 

20 .0 •. 

V) 10.0 

d' - .............. 4...,,. 

0 20 40 60 

energy transfer (µeV) 

Fig I . Elastic peak and rotational tunnelling peak (hw - 50 µeV) of 
methyl groups in (CH 3)2 S11Cl2 measured with rhe prototype KC/ 
111011 ochromator in the temperature range BOK < T < 700K. 
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The capture flux, measured by gold foil activation at the end 
of the focussing supermirror guide, was determined to 
1.4 x 107 n/cm2s. 

The graphite deflector-chopper, a delicate and novel 
element realized on this instrument, is now mounted and is 
turning without problems at a speed which is 15 % higher 
than the designed value (2600 rpm). Tests with neutrons are 
under way. 

Furthermore all six wide angle analyser plates 
(manufactured at the KFA-Ji.ilich) have been delivered. One 
of them is completely covered with Si(l 11) single crystals 
(about 60000 crystals per plate with 4x4 mm2 each). Optical 
as well as neutron tests were carried out and gave 
satisfactory results. The half-rings (Debye-Scherrer analyser 
rings) and the small angle analyser rings will be finished at 
the beginning of 199 l . The initial aim, the complete 
mounting of the main components during 1990 was not 
achieved due to financial problems. The contract for the 
mobile platforrn and the secondary shielding was placed in 
the second half of the year. The general study of these 
components was then started as well as the construction of 
the mobile platforrn. This platforrn has just arrived and will 
immediately be mounted. The rest of the shielding is 
expected to be ready in February 1991 . 

All major parts of IN I 0C are expected to be completed 
in summer 1991. 

INll Spin-Echo spectrometer on the cold guide HIS 

The NSE spectrometer worked without major problems 
in the last 12 months . In November 1990 the new Ni-Ti 
analyser was installed. The gain factor in flux compared to 
the old Fe-Ag superrnirrors is substantial, although slightly 
less than expected (about 2.2 at 4.5 A instead of 3). One half 
of the mirrors in the Soller arrangement have only 70 % 
reflectivity on average compared to the other half. This 
might be due to the imperfections of the preparation or the 
curvature which is less well defined because of the large size 
of the analyser. At 8 A the gain is about 10 %. 

The new Gobert type selector was delivered, it will be 
installed next year after adjustment of the rotor. It is 
expected to permit the extension of the wavelength range up 
to 4-12 A with the same resolution of 18 % FWHM. 

The INI IC project was started this year by placing the 
order for the wide angle magnet. The definitive installation 
will start after having tested the magnetic inhomogeneities in 
detail. 

IN 13 Backscattering spectrometer for short 
wavelengths on the thermal guide H24 

There have been no major changes of the instrument over 
the last 12 months and with the exception of a starting 
period after the long shut down in Spring 1990 the 
instrument showed an exceptionally good performance. 
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To prevent unforeseen failures of the instrument, major 
renewals are foreseen for 1991: The PDP I I instrument 
computer will be replaced by a microVax and the complete 
electronics including coders of 2/3 of the 17 motors will be 
exchanged. 

INIS High resolution Spin-Echo spectrometer 
for long wavelengths 

The assembly work is now finished as regard s the 
classical mode of NSE (static), referred to as IN 15 standard. 
It includes some major improvements: high speed velocity 
selector, high quality precession coils, new flippers, 32 x 32 
multidetector. Characteristics of the different components 
have been controlled, including the stability of the 25 DC 
power-supplies. 

VME electronics is running for all main functions except 
selector tilting. lnforrnatic control has been implemented at 
different levels (local control by Macintosh or instrument 
program installed at the VME under OS9). Certain technical 
developments aim at a better transparence of the Fresnels 
coils (Aluminium or Silicium) and a reduction of neutron 
losses along the flight path of the neutrons. 

Neutron tests are being made since September 1990, with 
a polarization which is limited by the existing prepolarizing 
FeCo guide and polarization analysis by a provisional 
cassette system. A reflection analyser (supermirrors 
provided by 0. Scharpf, ILL) was dispatched to the KFA­
IFF Ji.ilich for tests and will be used while awaiting the 
transmission analyser from HMI Berlin in 1991. 

Neutron flux measurements confirm the preliminary 
results (gold foils). Spin echos obtained up to the limit of 
18 A and with a maximum precession field (1500 G) shows 
a very good behaviour of the whole magnetic lay-out of the 
instrument. The delivery of a transmission polariser (HMI) 
will make the IN15 standard fully operational for test 
measurements at the beginning of 1991. (The picture on 
page 78 shows the precession coils, without the flippers and 
other components). 

Tests of the "Time-of-Flight" version referred to as -
IN15 TOF - will become possible after the delivery by KFA­
Ji.ilich of the control electronics, under test at KFA-ZEL with 
the ILL-built triple chopper array. 

A prototype of a toro·1dal mirror (microroughness 3 A) 
has been ordered at CARL ZEISS (RFA) for testing in real 
conditions the third version of IN 15 with neutron focussing 
of the longest wavelengths , referred to as IN15 focussing. 
These tests will take place in the second half of 199 l . 

D7 Diffuse-scattering instrument with polarization 
analysis on cold guide HIS 

D7 has had a normal experiment program, and has not 
undergone any major modifications or improvement s, 
contrary to what is planned for 1991 . 
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D11 Small-angle scattering diffractometer 
on the cold guide HIS 

As in previous years, the experimenta l programme on 
DI l was carri ed out without any major difficulties . In 
addi tion to a total number of 99 norm a lly sc hed ul ed 
experiments (corresponding to 144 days) in 1990, 7 days 
were used as industrial beam time. 

The D 11 chem istry laboratory which was completely 
renovated at the end of last year has proved to be a very 
useful installation for sample preparation immediately 
before and during experiments. It was not only used by D 1 ]­
users but also by visitors from Dl7 and various other 
instruments. 

Systematic time-of-flight measurements were carried out 
with both velocity selectors (Brunhilde, DI/I = 9 % and 
Adele, DI/I = 40 %) and served as a wavelength 
recalibration. The delivery of the new , lightweight 10 % 
velocity selector which was foreseen for 1990 is delayed due 
to technical problems encountered by the manufacturers 
during high speed tests. 

In April 1990 the VAX 11 -730 computing system, which 
had been in operation since 1985, was replaced by a 
Micro VAX II computer. Furthermore , a VAX 3100 
workstation has been installed for graphical data treatment. 
The LA 100 Letterwriter has been replaced by a small LA 75 
Companion Printer for output of the experimental protocol. 

A user-friendl y optica l alignment sys tem has been 
installed in the casemate near the sample zone. A silicon 
wafer is placed at a tilting ang le of 45° in the primary beam 
and acts as a mirror for a light beam shining through a quartz 
window from either a halogen-lamp or a laser, both fixed 
outside the evacuated neutron guide. The sample position 
can thus easily be adjusted to the neutron beam by operating 
a button on the wall next to the " black nose", without 
breaking the vacuum and without opening the guide section 
in the casemate. 

Due to the advanced age of the CAMAC electronics, 
intermittent fau lts have appeared, and several components 
had to be replaced . A new digital-to-analogue converter 
module has been installed which provides 8 channels in a 
range of O to I O Volts DC for interfaci ng with users' 
equipment. 

All the collim ating guide-sections were realigned and 
worn mechanical parts were exchanged. Preparatory work 
for installation of the new, anti magnetic collimation ystem 
has started. The computer control of the 7 guide sections i 
current ly under test and the whole sytem will finally be 
installed during a shutdown in February-March 1991. In 
view of the replacement of the collimation, systematic flux 
measurement have been performed by gold-foil irradiation 
at I = 0.6 nm and I = 1.0 nm and by direct measurements 
with a calibrated monitor with a known efficiency as a 
function of wavelength (0.45 ~ A (nm) ~ 2.0) and position 
of the collimation guides. 
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[n order to reduce the acoustic background noise around 
the in strument, noise-absorbing shieldings around the 
instrument's pumps will soon be installed. A modification of 
the D 11 cabin is foreseen for early I 991: since the new 
com putin g sys tem need s much less space, the air­
conditioned part of the cabin will be made smaller and the 
working area for visitors will hence be increased. 

D17 Low-Q, low-resolution diffractometer 
on the cold guide HI 7 

In general , Dl7 has been running smoothly during 1990, 
but an incident in August caused a temporary shu tdown of 
the in trument. The beam shutters and the beam control and 
supervision systems have been modified on D 11 and D 17. 

Since about a thi rd of all scheduled instrument days now 
are used for reflection measurements , the equipment for this 
kind of experiment ha s been further improved. An 
antivibration table has been purchased and used for the first 
time, and a computer-controlled step motor drive is now 
available for changing the height of the ample position, e. 
g. as a function of the angle of incidence of the impinging 
neutrons. The bearings of the sample-height adjustment table 
were exchanged and ensure a smooth movement again. Two 
Microcontrole slides with step motors have been bought for 
replacing the manual mechanism defining the entrance slit 
for reflection measurements . 

In a continuing effort to simplify the use of D 11 and D 17 
for visitors, a new digital-to-analogue converter module 
identical to the one on DI I ha been installed. 

On the computer side, a MicroVax II for the data 
acquisition together wi th a Vax-3100 workstation for data 
treatment have replaced the ageing Vax-730. The 
workstation is under test with the PV-W A VE software for 
graphical manipulation of diffraction data. The instrument 
software group has taken over the maintenance and 
improvement of all the data acqu isition and instrument 
control programs. A simplified data acquis ition system for 
the small-angle scattering instruments is expected during the 
next year. 

D22 New low-Q diffractometer on the cold guide HSI2 

D22 is slowly approachin g the state of a working 
instrument. Due to the budgetary constra ints encountered, 
D22 cannot, however, be made avai lable for users before the 
beginning of 1992. Instrument tests will be possible in the 
course of the next year. 

The lower parts of the protection "casemate " 
(in concrete) have been built. A marble floor (about 1.5 m2) 
has been laid for the air cushions of the lead casemate­
entrance door. Subsequently , the entrance module of 1.5 m 
length (which can be replaced by a polarizing unit in the 
future ) and the rotating collimation unit have been installed 
and successfully tested for vacuum tightness and function. 
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The neutron guides. which were delivered in April and May 
1990. wi ll be installed soon. The upper parts of the casemate 
have to be poured in lead and wi ll be in erted later this year. 

Offers for the programmable au tomate contro lling the 
non-encoded movements of the instrument and the selector­
security and vacuum systems were received. The system will 
be chosen before the end of the year. Work ing prototype of 
the data-acquisition and haft-control electronics for 0 22 
which are being developed by ILL's electronics serv ice have 
been promi ed for the end of 1990. 

Th e I m x Im detector w ith 128 x 128 resolution 
elements of 0.75 x 0.75 cm2 was ordered from CERCA in 
December. Th e 3He countin g ga for the detector was 
bought earlier in the year. 

The price for the I 0% reso luti on Dorni er ve loc ity 
se lector has consi derab l y increased since o ur f irst 
estimations. mainly due to the ri k involved for guaranteeing 
speeds up to 28 000 rpm. Nevertheless. we have decided to 
purchase thi s hi gh-tech eq uipment sin ce it meets th e 
specifications for 0 22. A delivery delay of 6 to 9 months is 
quoted by the manu facturer. 

The install ati on of elec trical cables and of air and water 
supply pipes has begun. A working group for defining the 
details of the vacuum system has been established; va lves 
and additi onal pumps were bought within th e bud ge t 
allocation for 1990, and the installation of the common pipe 
along the instrument was started; all parts of 0 22, with the 
exception of the velocity selector. will be evacuated by one 
group o f pumps under control of the automat mentioned 
before. The last mechanical assemblies to be studied are the 
sample zone and the beam-stop mechanism. 

As usual. the instrument computer will be purchased at a 
relative ly late stage, in order to take advantage of favourable 
price and technology deve lopments. It wi ll be ensured that 
the hardware and software will be compatible with the other 
low-Q instruments at the ILL. 

Coordinators: A .J . Dianoux 

R. May 
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25th Anniversary of neutron backscattering 

This year the Neutron Back cattering Spectrometry 
celebrates it 25th anniversary. This powerful high 
re olution method ha been propo ed by H. Maier­
Leibnitz. The first back cattering experiments were 
carried out at the Munich research reactor by B. Alefeld 
[l]. The ba is for the development of thi method may 
have been ' thinking in phase space' as promoted by H. 
Maier-Leibnitz at that time [2]. The improvement of the 
energy resolution of conventional neutron spectrometers 
from meV to µeV was a daring step. Many scientists 
doubted wether the small intensity expected for such a 
re olution would be enough to perform spectroscopy. 
The prototype backscattering spectrometer was built in 
Munich by B. Alefeld, M. Birr and A. Heidemann [3). 
With an energy resolution of 0.3 µeV (HWHM) 
mea urements of hyperfine splittings (see fig. I) and 
very narrow qua iela tic scattering were perforrrned for 
the fir t time. These experiments were on the limit of 
fea ibility becau e of the low cold neutron flux of the 
Munich reactor with 4 MW and no cold source . 
Nevertheless, the results were exciting and created many 
discus ions. The way of backscattering then led to the 
KFA Jiilich in 1971 with it reactor FRJ-2 with about ten 
times higher flux and a cold source. For the first time 
high resolution backscattering spectroscopy was appl ied 
to the tudy of rotational diffusion, tunne ling in 
molecular cry tals [5] and to hydrogen diffu ion in 
metal . The commi ioning of the back cattering 
spectrometer INIO in 1974 at the ILL, led to the 
international break through of thi method . This 
instrument can be considered a the work hor e in µeV 
re olution spectroscopy in w-space ( ee fig. 2). 

In 1978 the thermal neutron back cattering 
spectrometer 1Nl3 started operation opening a new field 
in Q-w space, i.e . high energy reso lution at large 
momentum transfers up to 5.5 A-1 . We hope that the 
next generation cold neutron backscattering pectrometer 
INIOC will tart its test experiment in 1991. The new 
instrument should supply a significantly higher fl ux than 
the old lN JO with even lightly improved re olution. 

A great variety of physical problem are being 
studied with back cattering spectro copy, ranging from 
hyperfine interaction to fractal and from rotational 
tunnelling to diffusion mechanisms in metal . More than 
200 original papers have been published on re ults 
obtained with this method. 

Future trend are µe V resolution at near me V energy 
transfers and neV re olution measurement in w-space at 
momentum transfers up to 2 A -1 . 
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[I] B. Alefeld, Bayer. Akademie der Wi en chaften 
Math. Naturwiss. Klas e 11, 109 (1966). 

[2) H. Maier-Leibnitz, Nukleonik ~. 61 (1966) 

[3) B. AJefeld, M. Birr A. Heidemann, 
Naturwissenschaften 56, 410 (] 969) 

[4] A. Heidemann, Z. Phys. 238,208 (1970) 

[5] B. Alefeld, A. KoUmar, Phys. Letters 57 A, 
289 (1976) 

(6] A. Heidemann, z. Phys. B20, 385 (1975) 
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Fig . 1. Inelastic spin-flip spectrum ofV2O3 at /05 K meas!lred 
with the prototype backscattering spectrometer in Garching. 
Measuring time: 21 days! The hyperfine splitting is 0.8 µeV 
corresponding to an internal magnetic field at the vanadium 
nuclells of 175 kOe [4]. 
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Fig. 2. Inelastic spin-flip spectrum of cobalt at 300 K measured 
on INJ0. Beam time: 0.5 days. Note that the absorption cross 
section of cobalt is about 5 times higher than that of vanadium 
[6] . 
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Diffraction Instruments 

D I A: High resolution powder diffractometer 
on thermal guide H22 (A.W. Hewat, 
J-K . Cockcrof t, J. Davies). 

DIB : Two-ax is diffrac tometer with multidetector 
on thermal guide H22 (C. Ritter, J.L. Soubeyroux, 
K . Ben Saidane). 

D2B : Very high re olution powder diffractometer 
on thermal beam H 11 (T. Vogt, A.W. Hewat, 
J. Davies). 

D38 : Two-ax is polarized neutron diffractometer 
with lifting counter on thermal beam H5 
(F. Tasset. M. Vrtis (in part). A . Steinhof (in part), 
P. Feder). 

D48 : Disordered materials di ffractometer sharing 
the hot beam H8 with IN I B (P. Chieux. 
J. Rodriguez, P. Feder). 

D 9: Four-circ le diffractometer on the hot beam H3 
(G. McIntyre (in part), M.S. Lehmann, J. Archer). 

D 10: Four-circle triple-ax is spec trometer 
on thermal guide H24 (C.M .E. Zeyen (in part) , 
G. McIntyre (in part), T. BrUckel, R. Chagnon). 

T 12: Neutron camera on thennal guide H23. 

D 15: Four-circle MK6 diffrac tometer 
on the incl ined thennal beam IH4 (J. Brown . 
M. Reehuis, G. Schmid). 

Dl 6: Four-circle MK6 di ffrac tometer 
on cold guide H 16 (G. Zaccai , E. Pebay-Peyroula 
(in part), V . Rodriguez (in part), 
J.M . Reyna I (in part) R. Gay (in part)). 

D 198 : Multidetector diffractometer for protein 
crystallography on the thermal beam H 11 
(S.A . M ason. S. Bramwell , J. Archer, D. Robinson). 

D20: High fl ux multidetector on the thermal beam H 11 
(J. Pannetier , P. Convert, J. Torregrossa). 

DB2 I : Four-c ircle di ffractometer w ith PSD for biologica l 
macromolecules on the cold guide H 15 
(E. Pebay-Peyroula (i n part), 
C. Wilk inson (EMBL), P. Agnes). 
CRYOPAD Cryogenic Polari zation Analysis 
(F. Tassel. A. Steinhof (in part), P. Feder) 

DI A High resolution powder diffractometer 
on the Guide H22 

Two features of DI A ensure that it continues to be in 
grea t dem and - hi gh reso luti on w ith long wave length 
neutrons from the guide tube w ith a high take-off angle, and 
DI A 's unique suitabi lity for stress measurements. DI A can 
reach much larger d-spac ings than current time-of-fli ght 
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machines, essential for magnetic structures and for large 
structure in general, and does not suffer from higher order 
wavelength contamination a · do reactor-face machines. 

As well a a large number of sc ientific proposals, DI A is 
used more than any other ILL machine for paid industrial 
work , essenti ally stress experiments. Money earned from 
paid experiments was used in 1990 for example, to buy large 
numbers of vanadium sample ca ns fo r all ILL powder 
instruments, and to extend the detector bank of DI A from 10 
to 25 detectors. The expens ive Soller co ll imators will be 
contributed by the Gatchina (Len ingrad) laboratory under an 
exchange agreement also fi nanced by paid experiment ·. 

D1B Two-axis diffractometer with multidetector 
on the thermal guide H22 

No major changes took place on D 1B in I 990. Some 60 
experiments were carried out success full y, problems with 
the banana-detector appearing at the end of the year were 
prov isionall y fixed and will be definitely so lved in earl y 
199 1 w ith the change of part s of the data acqui siti on 
electroni cs . The detector is now equipped with a 20- coder 
facilitating its reproducible positioning. The mounting of a 
small furnace inside a Eulerian cradle was completed to 
allow for texture ex periments at eleva ted temperatures. 
A care ful rea l ignment of monochromator- fi lter-evacuated 
tube-sample table resul ted in a gain of nearly I O % in flux, 
ompensating the loss due to the lower reactor power. 

D28 High resolution powder diffractometer 
on the thermal beam Hll 

A new mirror f urnace ha. been tested with prom isi ng 
results.We hope to reach 3000 K during 199 1. More and 
more users take advantage of the short wavelength option 
( 1.05A and shorter) . U nfo rtun ate ly the monochromator 
problem is still pending. It is hoped th at probl ems w ith 
squashing the crys tal s ca n be solved to enable use rs to 
ex ploit the full capabilities of D28 as a high-reso lu tion 
di ffrac tometer. 

D3B Two-axis polarized neutron diffractometer 
with lifting counter on the hot beam H4 

Owing to the pugnacity of S. Pujol and P. Feder during 
the un fo reseen reacto r shu tdow n, th e o ld 4.62 Tes l a 
cryomagnet was restored to its normal performance earl y 
this year. D3B therefore coped successfull y with most of its 
programme which relie on this cryostat for moderately high 
appl ied magnetic fie ld ( 1.5 Te la - 4.6 Tesla). 

A usefu l mod i ficat ion fo r experiments on electron 
densi ties (Schwi nger effect) consisted in a new set of pole­
pi eces fo r th e elec t romagnet. T he "thin tai l " va ri abl e 
temperature cryostat now in the pool (inherited from D5) can 
now be u eel on D38 extending the temperature range from 
I .S K to 300K fo r experiments at low applied fie ld (0.0 I 
Tes la- 0.5 Tes la). 
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Three weeks of polarized beam-time were invested in an 
exc iting test for the idea of a gaseous 3He neutron polari zer. 

D4B Disordered-materials diffractometer 
on the hot beam H8 

The H8 beam tube wa replaced in the early months of 
1990 . At the same t ime the mechanic co ntroll ing the 
monochromator curvature was upgraded. As a result of these 
modifications the flu x at the ample leve l is now slightl y 
increased, especially at 0.7 A wavelength where the gain is 
about 10 %. 

D9 Four-circle diffractometer on the hot beam H3 

As u ual D9 has covered a wide range of investigations 
from di ffraction studies of chemical and physical problems -
including structure analys is of high Tc compounds- through 
measurements using ex ternal conditions with laser activation 
of the sample or attempts at sample polarization by electric 
fi elds, to basic studies of the relationship between resonant 
scattering and atomic thermal motion . Further pressure work 
has also been carried out, in collaboration with groups from 
the University of Karlsruhe, and thi s culminated at the end 
of th e yea r in a fir s t te s t of s in g le c rys ta l ne ut ro n 
measurements at 30 Kbar. 

In parallel to this, some improvements have been made 
to the instrume nt , no tabl y o n the leve l of the monito r 
environment. Thi s has reduced the general backgro und, 
which is essentia l fo r the correc t opera ti on of the small 
position-sensitive detector, and at the same time automatic 
location of the second-order fi lters has been install ed. 

During most of the year the pos ition-sensitive de tector 
with its 32 x 32 pixels has continued to be an invaluable part 
of many studies. A good example of thi s was a calibration of 
the new high-temperature, high-stability furnace employing 
the a.-(INC)-~ phase transition of quartz at 845 K.The growth 
and movement of the satellite reflections of the INC phase 
across th e tra ns 1t1 o n wa s c lea rl y de mo ns tra ted 
(see Fig. I a,b,c,d). 
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Fig I a. 220-type reflection in the {Jphase at 846K. 
Note the diffuse tails in the scan direction. 
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Fig I h. 220-type reflection in the INC phase at 845K. Only 2 of the 
6 satellites are seen due to the limited instrumental resolution . 
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Fig l e. 220-type reflection in the INC phase at 844 .6K. The 
satellite reflections have mo1•ed closer to the fundamenta l peak. 

... 
ll 
E •• :::, z 
v ::t: 4 ~a 
.!:S c.. 
;;; 
0 ·e 
0 

> 

Frarne 

Fig I d. 220-type reflection in the a-phase at 844.4K. 
A single reflection without diffuse tails. 

The /3 -> incommensurate (INC)-> a phase transitions in 
quart: 
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D10 Four-circle triple-axis spectrometer 
on the thermal guide H24 

The heavy user demand for pecial sample environment 
and the wearing out of the old DI O crad le and double t ilt 
goniometer made a complete rede ign of the ample support 
nece ary. W e purchased a H U B ER turntable and 
asy mm etri c open Euleri an cradl e (non- bi sec tin g 
geometries!) combination. The co-ax is has direct encoding 
w ith an ab olute error of les th an 4/1000 degree. Thi s 
prec i ion is required for the excellent re olution available on 
010. All axes are equipped with BERG ER-LAHR five­
phase stepping motors. These are virtuall y resonance- free 
and thus allow much faster and more accurate positioning. 
The asymmetric cradle leave more space for the new DI 0 
four-ci rcle dilution cryostat buil t by S. Pujol (0. 1 K) but also 
faci l i tate the mount ing of other sample environment 
devices such as furnaces. 

DIS Four-circle diffractometer 
on the inclined thermal beam IH4 

D 15 continues to be used for studies of single crys tal 
under a w ide range of ex ternal constra in ts. Unfortunately 
during most of the year the 32 x 32 ce ll multidetector ha not 
been available because of problem with it tability. It is to 
be re-in tailed earl y in 199 1. During the long shutdown in 
the spring the instrument was completely di smantled to 
allow th e repl ace ment of th e HI O beam tub e. Th e 
re in tall ation w as carried out success full y and th e 
programme of scheduled experiments wa re tarted in earl y 
June. The reali gnment of the supporting structure for the 
monochromator on the inclined beam is not easy, and each 
reinstall ati on seems to invo l ve a small flu x loss in the 
monochromatic beam. 

To faci litate ex periments in the Th or ve rti ca l fie ld 
cryomagnet an omega module which rotate the ample stick 
inside the cryostat has been constructed and hown to work 
qui te ati sfactoril y. 

D16 Diffractometer on the cold guide H16 

01 6 remains a unique instrum ent for ex perim ents 
requiring good Q-resolution at low Q (- 0.05 to 2.0 A.- I ). 
Experiment. performed on D 16 in 1990 included tudies of 
natural and model biological membrane , coll agen, polymer 
so lu t io ns, p ro te in interac ti ons, sur face l atti ces and 
interca l ated compound s, o rd erin g in all oy·, liquid s, 
magnetic frustration , liquid crystals, micro-emu! ions, etc. 
Sampl e env i ro nment fac iliti e have continued to be 
improved with the purchase of a T ime & Prec ision x-y-z 
table for the mounting of cryostat or other large equipment. 
Soft ware for sin g le crys tal ex per iments is now full y 
impl rnented. 
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D19 Multidetector single crystal diffractometer 
on the thermal beam H 11 

D urin g 1990 D 19 was used for a wi de var iety of 
ex periments which made u e of the 4° x 64° pos i tion-
ensit ive detector : studies of polymeric fi bre , inorganic 

complexes, phase transi tion at very high temperature, etc. 
Feasibility studie of porin and parva lbumin demonstrated, 
again , the need for the new 20° x 64° detec tor, for high­
re o lution studies of macromolecul es where onl y small 
crys tals can be grown . Colour graphi cs program s were 
developed and tested on the Yax-station 3 100 shared with 
0 28 and D20. Programs for pl anning measurement strategy 
are under investigation . 

D20 High-flux multidetector diffractometer on the 
thermal beam Hl 1 

0 20 has continued to operate smoothly in 1990 in its 
current small detector version. There have been no major 
changes on th e in strum ent dur i ng thi s year and th e 
instrument ha been heavi ly cheduled w ith a mi x of 
standard powder diffracti on experiments under various 
environmental conditions and less conventional one such 
a tex ture measurements, H-T phase diagrams and tress 
mea urements. Owing to the limited i ze of the current 
detector, only a few time-resolved experiments have been 
performed. As in the previous years, the beam-time has been 
equally shared between colleges 5 and 6 with in addition a 
few experiments from college 9. 

D821 Four-circle diffractometer with PSD 
for biological macromolecules 
on the cold guide HIS 

A computer upgrade to a GPX work tation for better on­
line multidetector data treatment and display is scheduled to 
be operational by 1991. 

Coordinator: C.M .E. Zeyen 
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Special instruments 
and experiments 

Most of our special activities were in routine operation in 
1990. Major changes, improvements or progress may be 
summarized as follow : 

SN7 Reverted to the status of a scheduled instrument 
and in compensation PN8 became a special instrument, SN8 
(see also Instrument Group "Fundamental and Nuclear 
Physics"). 

S18 The thermal neutron interferometer modified its 
double crystal set-up by using three high resolution 
goniometers working as a "Lenkerfeder" system and using 
spiral springs giving best re olution of 2 x I o-6 seconds of 
arc per motor step. New crystals provided a beam separation 
of I cm and increased the Pendelloesung length by about a 
factor of 4 in comparison with the former version. Weak 
indications of interference effects were observed. 

S20 The diffractometer S20 , mainly devoted to 
topography, is an ILL-CNRS collaboration. It has been used 
by about ten European groups to perform extinction and 
domain investigations, mostly on magnetic cry tals. The 
instrument improvement (enhancement of flux , automation) 
have considerably reduced the time necessary for a given 
experiment. It is thus possible to investigate new topics on 
single crystal magnetic materials. e.g. to follow the 
behaviour of a set of Bragg peaks while varying the 
temperature and/or the magnetic field. Motorisation and 
encoding permit the detector to be moved by about ± 20°, 
and the sample environment will be either a) a fine tail 
cryostat and an electromagnet or b) a 6 Tesla and 1.5 K 
cryomagnet. These extensions have been started and will, 
hopefully , be finished in 1991. 

Fig. I . Schemcuic drawing of S20 
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S21 was operated with several user groups for almost 
routine Ultra Small Angle Scattering (USA S) experiments. 
The Q-range is 5 x 10-6 to 5 x 10-5 A- I depending on the 
scattering power of the material under study. It is intended to 
extend this range to larger values by the use of less perfect 
crystals to achieve an overlap with the other ILL SANS 
cameras D 11 and D22. The present set of Silicon (331) 
crystals will have to be replaced by thinner crystals to reduce 
thermal diffuse background scattering. Stability problems 
were also encountered with the present set of tilt 
goniometers which will have to be replaced by more 
accurate ones in the near future. It is planned to effect tilting 
and rocking movements with piezo-drives for improved 
accuracy. 

S50 The experiment for the precision determination 
of h/mn . Efforts are continued to improve its 
instrumentation. In order to replace the Meander coil, a 
ferrite modulator will be installed early next year and an 
intensity modulator is under construction; it consists of a 
mechanical choppper of 30 cm diameter, a rotational speed 
of 15.000 rpm with 20 µm wide slits and 20 µm wide Gd­
ab orbers re ulting in a pulse frequency of 5 MHz (see also 
Instrument Group ·'Fundamental and uclear Physics"). 

With the EV Anescent wave diffractometer surface 
sensitive Bragg cattering was observed from various 
samples (Si, CaF2, InP) . Surface scattering was separated 
from bulk scattering (see fig. EVA for scattering geometry) 
by pushing the exit angle resolution to 1.5 mrad with typical 
countrates from near surface Bragg scattering (::=:: 200 A) of 
I neutron/sec. After improving the shielding the signal to 
noise ratio is now 103 for surface scattering and an 
additional PSD is expected to further improve noi e and 
resolution. Observation of the temperature dependence of 
these Bragg reflections should be possible. Several 
reflectivity measurements were performed for studies of 
surface roughness and mean scattering length densitie , 
reflectivity being measured down to 10-6. Recently , a new 
monochromator (two slightly misaligned PG crystals) 
doubled the flux to 1.8 x I o5 neutrons/cm2/sec with I mrad 
vertical divergence. Gradient crystals may improve thi 
further. For glancing angle studies an accurate cryostat ha 
been developed ( 15 mdeg) and the vacuum chamber will 
soon be usable over a wide range of temperatures. For 
sample preparation a cold room has been installed near the 
EVA-site. 

The activities in the field of ultra -cold and very cold 
neutron research (VCN/UCN) can be s ummarized as 
follows: 

The EDM apparatus has been modified and will resume 
measurement in 1991 . - The construction of a new neutron 
lifetime bottle for use with monochromatic UC has started. 

ESSIE. the neutron gravity spectrometer was equipped 
with an improved interior shielding re ulting in lower and 
flat background. - The YCN optics faci lity acquired a cabin 
reduc ing simultaneously sound and temperature fluctuations. 
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Fig. 2. Sca/fering geomerry of1he EVAnescenr wal'e difji'acromerer 

D2: Specular beam derecror wirh a radial i111e11si1y specrrum 
represenred behind 
PSD : Posirion sensirive derecror fo r sw j'ace Bragg sca11eri11g . 

The levelling system of the optical bench has been equipped 
with new high precision valves o that variations in supply 
pressure no longer interfere with the levelling performance. 
The level stabi lity of the top surface is now better than 
4 arcsec in 3 days . The alignment procedure for the optical 
elements is servocontrolled by a personal computer. A new 
eries of transmission phase gratings with a grating constant 

d = I µm has been tested successfully. It should now be 
po sible to measure the phase shift of the neutron due to the 
Earth ' gravitational field as well as Berry 's phase shift (see 
al so Instrument Group " Fundamental and Nuclear Physics"). 

Coordinator: W. Drexel 
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D IRECTORATE 

Scientific Coordination 
and Public Relations 

Statistics of the Scientific Programme 
Due to the unforeseen reactor shutdown at the beginning 

of the year the cientific programme was shortened. Beam­
time allocated in April 1990 included half a cycle (cycles are 
now 46 days), which will actually be run in January 1991. 
1268 proposals (S-instruments included) were ubmitted. 
The total beam-time requested was I 0205 day 
CS-instruments excluded); 4935 days were allocated. For the 
Scientific Council in October 1990 (beam-time allocation in 
199 1) the ILL recorded a top number of propo als: 657. We 
take this opportunity to thank the Subcommittee members 
for achieving their difficult task of adjudication. Fig. A 
how the number of propo als covered by each College -

the record i held by College 6. 

Number of proposals 
per Scientific Council 

200-,--------------------, 

College 

■ October 1989 
■ April 1990 
■ October 1990 

Figure A: Number of proposals per College 
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S ERVICES 

The instrument P 8 became an S-i nstrument, SN8, at the 
beginning of September 1990 and S 7 was reappointed a 
cheduled instrument, P 7. This change is due to S 8 now 

being used by one group, whereas the demand from different 
groups on PN7 has increased over the last Subcommittee 
meetings. The instrument statistics (Fig. B) display the beam 
time for the two instruments in their PN mode only. 

Fig. B shows the beam-time stati ties on the scheduled 
instruments. The overload fac tor is 2.1 which is partly due to 
the reduced beam-time avai lab le (228 days of reactor 
operation) in comparison to 1989 (262 days). On 04, D 15, 
I I and IN8 less beam-time was available than usual, ince 
their beam tube had to be replaced. 
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Au tria joined the ILL as a third scientific member in 
1990. Fig. C shows the di stribution of beam time among t 
the 6 member countries (S-instruments are excluded). 

The di stribution of the experiments amongst the different 
Colleges i shown in Fig. D. 

>­.!:: 
C 
=> 
0 u 

A in collab.* 
CH in collab. • 

E in collob.* 

Beam-time allocation 
for member countries in 1990 

■ days allocated 
days requested 

GB in collob. • I!!!!!~~~!!!!!!!!!!!!!!!!!!!!!!!' 
D in collob.•~~!!ll!!!!!!!ll!!!!!!!ll!!!!!!!ll!!!!!I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~ 
F in collob.* 

A only 
CH only 

E only 
GB only·~~!!!!!!~~~~~~ 

D only 

F only~~~~~~~---..--- _j 
0 1000 2000 

Days 

3000 4000 

Figure C: Beam-time al/oca1ionfor the six member co11111ries 
* may he coumed sel'eral times 

College 8 
8,90 % 

College 6 
13,28 % 

Beam-time allocation in 1990 

College 5 
29,63 % 

College 3 
17,10 % 

College 4 
14,78 % 

Figure D : !11s1rnme111 days alloca1ed per College in /990 (10,a / of 
493 days) 
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DIRECTORATE 

Safety, Medical and Health 
Physics Group (SPSJ 

Health Physics and General Safety Units 
As part of their upport function for the various 

departments at ILL and the guest scientists, the Health 
Physics and General Safety units participated in the 
following activities this year: 

- provision of neutrons for the new experimental 
instruments INI0C and INl5 in the second Guide Hall 
ILL22 for tests for their provisional and final 
acceptance 

- removal of the last section of drains 
for '·eaux speciales": 

- replacement of beam tube liners H8 and HI0; 

- continuation of the programme of renewal 
of the remote detection fire alann system; 

- organisation at ILL of overhead crane driving courses 
for sc ienti sts: 

- updating by CAD of safety intervention plans 
for the ILL buildings. 

Works Medical Service 
The Works Medical Service monitors the technical and 

sc ientific staff as a function of the risks to which they may 
be exposed in their work. The Service carries out medical 
examinations and biological , radiological and toxicological 
test s. These examina ti ons also permit pathological 
conditions to be identified and advice given to staff. 

The Service also studie workstations and conditions of 
work to detennine the medica l urveillance criteria. and to 
evaluate the ri sks in connection with work, in collaboration 
with the Safety and Health Physic units, and is represented 
at meetings of the CHSCT (Committee on Health, Safety 
and Working Conditions). 

These activities make it possible to evaluate the actual or 
potential effect of work on health and to propose 
modifications to working conditions as necessary. 

The medica l team comprises a part-time doctor, a full ­
time nurse, and a part-time nur e and secretary . 
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SERVICES 

Joint ILL-ESRF Library 

The "Agreement on the Operation and Maintenance of a 
Joint ILL-ESRF Library" was signed by the Directors of the 
ILL and ESRF and the ILL Library became the "Joint ILL­
ESRF Library". 

Following this agreement, the ESRF contributed 20 % 
for 1990 to all library costs and literature acq uisition was 
increased by 10 %. Despite this, increases in subscription 
prices necessitated an adj ustment of 45 F in literature costs. 

The overa ll budget was 925 KF (ILL: 740 KF, ESRF: 
185 KF) 

In 1990: 

- 780 books were processed: 
• 430 for the Joint Library 
• I 00 deposited with the ILL Departments 
• 150 deposited with ESRF. 

- 350 purchase orders were typed: 
• 90 for the Joint Library 
• 130 for the ILL 
• 130 for the ESRF. 

- 660 volumes of journals were bound. 

- 60 on line searches were performed 
on computerized databa e . 

In close connection with the scientific life of the ILL, 

- 500 publications 
• 400 with ILL authors and coauthors 
• 100 without lLL authors and coauthors 

but related with ILL experiments. 

- 500 experimental reports were received. 

100 

90 90 

80 
70 

60 58 
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50 

40 35 
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10 
0 

Publicc11io11s receiFed in 1990 by subject 
From classification in use at ILL: 

84 

22 

67 

55 

I - Instruments and Methods: 2 - Theory; 3 - Nuclear Physics 
4 - Excitations: Sa - C,ystal Structure; Sb - Magnetic Structure 
6 - Liquids. Disorder. Metal physics: 8 - Biology: 
9a - Molecular spectroscopy. S111/aces; 9h - Large molecules 
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Physicists' Secretariat 

Organisation of Visits to the Institute 
Each year, ILL rece ives many requests from foreign or 

Fre nc h univ e rs iti es a nd la bo ra to ri es fo r v is it s to it s 
insta ll a tions. 

In 1990, there were 60 visits with a total of I 080 visitors 
who we re shown aro und the ne utro n gui de hall and the 
experimental hall of the reactor. These visitors (sc ienti sts, 
s tud ents , and no n- sc ie ntifi c vi s ito rs) we re g uid ed by 
sc ienti sts, engineers or technicians representing as close ly as 
poss ible the fi elds of research, the vari ous lLL departments 
and the experimental fac ilities . 

The fo llowing table shows the number of visitors per 
country: 

France 750 
Germany 115 
Italy 50 
Switzerland 35 
Spain 27 
U.K. 20 
USA 15 
Sweden 15 
Others 53 
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Mechanical Engineering 

A in prev iou s years. th e work of th e mech anical 
engineering group in 1990 compri ed three main parts: 

I ) Continuation of th e con tru c tion of major new 
in truments to use the neutrons from the hori zontal cold 
source (J I QC, I 15, D22). 

2) Inter vention wo rk on ex i tin g in trum ent fo r 
improvements. additional equipment, maintenance or repair 
work. 

3) In connec ti on with th e two po int above, the 
sy temati c sea rch for all new product or tec hniques 
deve loped by indu try, which can contribute to prov iding 
better o lutions (more effi c ient , more reliabl e or le 
expensive) to the technica l problems ra ised by the scienti sts 
(use of composite materials or non-magnetic component , or 
of their low weight associated with the anisotropy of their 
res istance to mechanical stresses to improve the performance 
of chopper , etc.) 

The continuation of construction of maj or instruments 
includes: 

the mechanical as embl y of the flight tube of the small ­
angle in strum ent D22 w ith th e help of th e suppli er. 
ali gnment of guides, design and con struction of the new 
"ea emate" for the velocity selector. 

As embl y on site of the new spin-echo spectromete r 
I 15, with composite material beams supporting solenoid 
(weight of the order of 2 tons). 

As regards I I QC: 

Choice of supplier and ordering of large mechani ca l 
assemblies for this new backscattering spectrometer (sample 
support and shielding for analyze rs, installation to be 
completed in 1991 ). 

Con stru ction and long- term tes tin g of th e chopper 
supporting the graphite deflectors 

Assembly of the new selector (80% composite materials) 
supporting a so lenoid for guide field 

Construction for this ame pectrometer of a sy tern for 
tim e-of- fli ght anal ys i s, ba ed on 3 co nce ntri c axes 
mechanical chopper . Thi y tem, of which the mechanical 
part was entirely des igned and built by the Group, was 
produced as part of a co ll aborati on w ith KFA Julich on 
motori zation and electronic control. 

A mong the many intervemion on existing in. truments 
may be mentioned: 

the complete production of ILL-type se lectors for D 11 
and IN 11. They are due to start up earl y in 1991 . 

Compl ete re pon sibility for th e con tru c tion and 
a sembly of new non-magneti c co llimator fo r D 11. Thi s 
40 m long a sembly incorporates internal guides for which 
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remova l from or in erti on in th e beam acce s ca n be 
controll ed from a distance. We hope that the parti cularl y 
careful examination of the assembly and test conditions w ill 
make it po ss ible to in stall thi s in record tim e at the 
beginning of 1991, o as to minimize the in trument closure 
period. 

Intervention work on I 5 for a Brillouin scattering on 
TI 3A, D38 , I 14, I 20, etc. 

The drawing office, work hop and test work hop team 
have contribut d to the e maj or project . partl y with the aid 
of the foll owing additional equipment: 

• a second CAD work station 
• replacement of a lathe 
• a complete mec hanica l ove rh aul o f th e G ambin 

milling machine. 

Finall y . w ith th e help o f an ex ten ion o f th e tes t 
work hop as embly area, assembl y has . tarted of the largest 
banana-type detector ever built, due to be installed on D20 
earl y in 1992. 

Electronics Group 
1990 was th e year o f the YM E. the new standard in 

electronics. 

I 6 Conve rsion from CAMAC to YME ca rri ed out 
without any maj or hold-up of experiments. Thi s means that a 
large time-of- fli ght spectrometer i now operational using 
the YME standard. 

I I0C Th e instrument is built completel y in YME: 
there is a VAX as host computer 

• data acquisition 
• Doppler control 
• access control 
• chopper control with phase adjustment. 

TI 3A The instrument is built completel y in VME: there 
is no ho t computer. The data are automatica ll y tored on 
DIVA. There is only a MAC! TOSH as front end computer; 
programming in Ba ic. 

• data acquisition 
• ax i control ( 11 axes) 
• control of shielding 
• pos ition indication on additional TTY 

15The in trument i. built completely in YM E; there 
is a VAX a host computer. 

• data acquisition operates via multidetector 
• stati c coil current power suppl y cont ro l by YM E 

and IEEE488 operational 
• ve locity se lector control: currently under te t 
• dynamic part to be supplied from JUli ch in 199 1 

(chopper control , ramp control , etc.) 

D22 The instrument is to be completely built in YM E. 
• data acquisition in course of development 
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• co llimation: 
- to be contro lled by a programmable controller. 
- Design study for programmable con tro ller 
completed; invitation to tender in progress 

D20 
• 1600 addresses 
• definition phase for data acquisition 

and prototype phase completed 
• invitation to tender for series in progress 
• 3D-graph data presentation 

on MACINTOSH completed. 

S3 Rebuilt in CA MAC- stand ard w ith MACA MAC 
(a fter destruction by fire) and commi ss ioned. 

Monochromators 

The group has co ntinued to give adv ice and provide 
ass istance in the construction of monochromators, e.g. for 
IN I 0C, IN4, D2B and EVA. In parallel, development work 
on projects such as Si-Ge based grad ient crystals and wafer 
based monochromators with ex treme ani sotropy are being 
pursued ac tiv el y. A n extension for three yea rs of a 
co llaboration with the MPI fUr Metallforschung in Stuttgart 
for growing Be single crystal s was signed in the spring. All 
oth er long term partners of the ILL in thi s project are 
favourab ly considering this continued commitment or have 
already signed the relevant contracts. Part of the work of the 
ILL consists in check ing the quality of the as-grown crystals, 
and a particularly interes ting structural defect is shown in 
Fig. I. 

There is a cont inuing high leve l of demand for beam 
time on the diffrac tometers of the group for both genuine 
workload of the group and test time reques ted by users 
preparing experiments. It is expected that thi s si tuation wi ll 
ease when T I 3A is comm iss ioned by the end of 1990. In 
c lose co ll aboration with the Computing Department, the 
install ation of software which close ly fol lows the systems on 
other si ngle detec tor diffractometers at the ILL has been 
ex tended. 

Numero us requ es ts from ex tern al laboratori es are 
addressed to th e group for help in th e co nstructi on of 
neutron monochromators. In view of the means availab le, 
these requests cannot be considered favourably. Exceptions 
can on ly be made when the entire manpower is provided by 
the home institute, as was the case thi s year, when Dr. M . 
NISHI from th e Un iversity of Tokyo joined us for six 
m onth s to prepa re th e crys tal s for one H eusler 
monochromator. 

Finally it should be mentioned that present studies for the 
new improved hot source of the ILL have been large ly 
supported by the group. 
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Fig I : X-ray topography taken at LURE on a srructura/ defect in an 
a.1·-grown Be-crystal. The geometrically well defined white beam 
( JO µ111) intersects rhe crysral parallel and perpendirnlar 10 irs 
growth axis on the leli and righr side of the.figure. re.1pecti l'elv 
(support ji-0111 J . BARUCH EL is acknowledged). 

Multilayer Laboratory 

The Electrotech evaporator has operated without maj or 
break-downs. The adsorption pumps of the Riber evaporator, 
need ing long coo lin g tim es with liquid nitrogen, we re 
replaced by a turbomolecular pump, giving a considerable 
gain fac tor in pumping time. New software for the Camac 
control of the evaporation process was written. 

The main superrnirror production time was spent on the 
new 600 mm long IN I I analyser. Due to the unsched uled 
reac tor shutdown, part of the supermirror production could 
not be chec ked. Product ion faults we re th erefore not 
correc ted immediately and many supermirrors had not the 
required quality. A first version was assembled and tested on 
the IN I I spectrometer (see photograph page 78) . 

Special developments were the 140 layer Titanium­
Cobalt bandfilter for a spec ial beam experiment on the H 18 
neutron guide and a prototype for the focussing mirror 
dev ice [5]. 

Results of the IN14 polariser des igned for A.=2.5 A 
measured on the IN 14 spectrometer and of the provisional 
supermirror anal yser on the IN 15 spectrometer are now 
ava ilable . The small pol ari ser with a channel width of 
0.4 mm for the Zero Field Spin-echo experiment shows a 
transmission of 40 % at 2 A and 20 % at 1.4 A with flipping 
rat ios of 40 and 20 respect ively . It was also used to 
measure the magnetic field in the long shielded flight tube of 
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the neutron-antineutron experiment [I ]. Te ts of Heusler 
ingle crystals were performed by M . ishi and A. M agerl 

using 2 A neutrons polari ed by a supermirror bender. 

Some time was devoted to work for external laboratorie 
and indu try in th e framework o f th e Supermirror 
Collaboration . A upermirror coating on Borkron glass 
ub trate polished using a new method developed by Ci la 

fo r the KFA convergent neutron guide gives reflecti vity 
result comparable with float glass. In collaboration with 
PSI, diamond-like carbon layer with deuterium were tested 
and show encouraging results [6). The te t fac ility wa used 
by PSI Wi.irenlingen, HMI Berlin and Cilas M arcouss is. 

Yi itors from external laboratories are interested in the 
fabrication of polarising upermirrors. A.F. Schebetov from 
the Leningrad Nuclear Physic In titute and M. ishi from 
the In ti tute for Solid State Phys ics of the Uni versity of 
Tokyo pent ome time at ILL to learn about the equipment . 

Publications and conference contributions: 

f I] U. Schmidt, " Weiterentwicklung eines Prototyps 
eines Neutronresonanzspinechospektrometers" 
Diplomarbeit Heidelberg 1990 

[2] 0. Scharpf, " Die Zukunft von Experimenten 
mit polari ·ierten Neutronen" 
GKSS-Experimentiereinrichtungen 
am Forschungsreaktor FRG- 1, Geesthacht M arz 1990 

[3] 0. Scharpf, " Flugzeitspektro kopie mit polari sierten 
Neutronen" DPG 54.Phys ikertagung, 
M i.inchen Marz 1990 

[4] 0. Scharpf, " Status and performance of multi layers 
and supermirror polari zers" 
Workshop on eutron Optics, Grenoble Sept. 1990 

[5] D. Dubbers, " High intensi ty neutron pots'' 
Work hop on eutron Optic , Grenoble Sept. 1990 

[6] P. Boni , I.S. Anderson. R. Hauert, P. Ruterana. K . Solt. 
B. Farnoux, G.J. Hertman, 
J. Penfold, 0. Scharpf, " Investigation and growth 
of multilayer " paper presented at the ICA S-XI 
Con ference, T ukuba Oct. 1990 

Multidetector Group 

A major effort was made wi th the production of an easy­
to-use f os ition Sensitive Detector for neutrons (PSD) based 
on the princ ipl e of a wireless Micro£trip froporti onal 
,Counter (MSPC) first developed at ILL (see Annual Report 
1989). For pos iti on determin ation the charge divi sion 
method wa cho en. Firstl y, becau e in a gaseous neutron 
detector the pulse shape on the elec trodes vari es due to 
different ioni zation tracks, and secondl y, because only a 
small amount of less dedicated electronics is needed. Up to 
now a prototype of a one-dimensional PSD with an acti ve 
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area of 80 mm x 64 mm ha been constru c ted . It s 
perfonnance are hown in the raw pul e height matrix (Fig. 
2 right) from which, on-line, a posi tion pectrum (Fig. 2 left) 
can be deduced. The mea ·ured . patial re olution is 1.8 mm 
(FWHM}, in accordance w ith theory. It depends of cour e on 
the mean trace length of the charged particles created in the 
neut ron reacti on. urrentl y te ts wi th a two-dimensional 
detector of this type are in progress. 

In M S plate ba ed detec tors - alternating narrow and 
broad co nductin g strip in th e ubmillimeter range on 
altern atin g electri c potenti al - the pos i t i ve ion c loud 
produced in the avalanche does not screen the electrodes for 
a substanti all y long time, as the drift di stances are very 
short. Their limiting count rate is therefore hjgher than for 
common wire detec tors. To benefit from thi s intrinsic 
property a 3He counting tube has been made by simply 
replac ing the central anode wire by a small piece of an MS 
plate. In Fig. 3 the pul e height pectrum of a commercial 
3He counting tube is compared to thi s new MS counting 
tube. It should be no ted th at th e energy reso luti on i 
comparable, wherea the applied high voltage i moderate 
for the M tube. In a fi rst test a l imiting count rate more than 
an order of magnitude higher has been measured. However, 
the attainable limit was not yet reached. 

Of course, the detec tor group continues to develop and 
con truct MultiWire f roportional ,Counters (MWPC) which 
sti II offer everal intere ting features. For an experimental 
install ati on at th e Orphee Reac tor in Sac l ay a 128 x 
128 wires detector with a wire spacing of 1.5 mm ha b en 
bu i lt including analog and read-out electron ic . In th i 
multidete tor a delay line read-out is used to determine the 
po it ions of the incoming neutrons. It has been in mooth 
operation since M ay (see photograph on page 81 ). 

Within the framework of the transfer of thi s MWP 
technology to indu try and with the direct aid of ILL staff, 
di fferent PSDs for neutrons have been built success full y or 
are under construction. Among them a PSD (32 x 32 cells 
with 10 mm wire spac ing) with indi v idual read-out and a 
huge Banana type detec tor w ith 9024 cell s fo r the HMI 
Berlin may be cited. 
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A t ILL the new I 15 multidetector has been installed at 
its fina l beam position in the new guide hall after increas ing 
the partia l pressure of the stopping gas propane to 0.5 bar. 
The multidetector is now in an operational stage. 

As another part of the act i vit ies of the detector group two 
MWPC detector have been mod ified. This was neces ·ary 
because of instabiliti es and a general diminuti on in their 
performance . Various tests have been done to revea l the 
origin of their defects. It was found that different wires were 
local l y damaged . This was probab l y caused by trace 
impurities in the gas provok ing local prec ipitati ons on these 
e l ec tr odes. In th e case o f th e D 15 multidetec tor th e 
elec trodes have been completely replaced by a new set. In 
addition, the stopping gas was changed: propane, which has 
a tendency to polymerize under elevated neutron fluxes and 
to deposit on the anode wires. was replaced by CF4. In the 
D9 case simil ar but less serious symptoms have been found. 
After repa ir. both detec tors have been tes ted ex tensively. 
They are again ready for operation and have already been set 
up again at their normal measuring posi ti ons. 

During the yea r. a third fully eq uipped and versatile 
pumping and filling unit for detec tors has been built up. One 
of the units has been equipped recently with a hygrometer, 
which permits measurement of traces of water vapour down 
to the ppm leve l. As wa ter is one of the most difficult 
vapours to eliminate from a detec tor housing. such an 
instrument leads to a reli able measure of the c leanness inside 
the housing. This is a very important - but often neglec ted -
criterion for the quality and lifetime of a detector. 

La st hut no t l eas t th e g roup frequentl y provided 
ass istance to inhouse staff and users for the various types of 
neutron detec tors and monitors insta lled at the lnst itut. 

left right 

MS 3He ln,p)3H commercial 3He (n ,p)3H 
counting tube + 770 keV counting tube + 770 keV 
U • 450 V U • 1500 V 

0 
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.. .,, 
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FWHM - 30 keV FWHM - 32keV => 
0 (4.2 %) (3.8 %) u 

Pulse height (energy) 

Fig. 3: Pulse height spectrum of the MS counting tube /leji) 
compared with a commercial counting 111/Je /right) . 
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Other Activities 
First test at ILL of a 3tte neutron polarization filter 

3He is a very efficient absorbing gas for neutrons. In fac t 
it is onl y the si nglet combined state of these two spin 1/2 
nuclei whi ch is absorbing [I]. If it is full y polari sed >He 
doubles its absorption cross-section for " down'' neutrons and 
becomes transparent for " up" neutrons. Although, the unique 
features of polari sed 3He as a broad band polari sing filter for 
therm al and epithermal neutrons has been recognised for 
over two decades [21. it i s on ly recentl y that dec isive 
progress in the techniques of optical pumping made the idea 
of a gaseous 3He neutron polari ser feasible f3 J. 

Having di scussed several poss ibilities [4] we are now 
embarked at ILL in a collaboration with Harvard University 
and Grenoble University for the development of a polari sed 
3He gas filter f 5]. 

The polarising process is based on the optical pumping 
of a Rb/3He mixture which offer direct ly the appropriate 
hi gh density of 3He necessary for a neutron polariser. A 
beam of polari sed light transfers angular momentum to the 
alkali atoms. which in turn exchange polari . ation with the 
3He spins through hyperfine interaction . 

A first feasibility test was recentl y conducted at D3B 
w ith neutrons of 0.84 A wavelength [6 J. The inc ident 
neutron beam was almost completely polarized (98.5 %) by 
the (200) Bragg reflection of th e CoFe monochromator 
crys tal of the instrument and could be totall y reversed by 
action of the cryo flipper. The tunable T i tanium : Sapphire 
laser was providing 2W at 795 nm of which 30 % ould 
properl y be coupled with the Rb vapour. The measured 
flipping ratio (rat io of up/clown neutron transm iss ion) is 
reported in Figure 4 as a function of the pumping time. The 
deduced 3He polari sation is al so given. 

As ex pec ted. th e neutro n si gnal was very easy to 
measure and confirmed that the ce lls were filled at optimised 
3He thickness, and that the principle was operating properl y. 
Unfortunately th e ce ll wa s hav in g a relatively short 
relaxation time (2.3 hours) and therefore did not allow us to 
build larger polarisation. 

Very ucce sfu l appli ca ti on wou ld require ce ll s w ith 
much higher polari sation (75 %) . This is becoming possible 
if we reach relaxation times at least 10 times longer. This 
improvement is not unrea listic since very long times (250 h) 
have been quoted in literature [71 The nex t crucial step in 
deve loping thi s potentiall y idea l polari sing too l for our 
neutron beams, is to understand what limits thi s parameter 
in large ce ll s at high pressure. 
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pecial products 

Major projects were the coating with gadolinium charged 
re in of the wheels for the new I 15 chopper, the fabrication 
of ZnS(Ag) c harged lithium conve rters for neutron 
photographs, the lithium painting of the variable wavelength 
pyrolitic graphite filter for the IN 14 spectrometer, and the 
sintering of lithium-fluoride plates for diaphragms and beam 
stops. 

This activity suffered from the loss of staff. Two 
technician have left this year causing a loss of know how, 
especially in the domain of lithium converter screens for 
Laue photograph . In consequence the work was done 
partially by inexperienced staff on loan. 

Neutron guides 

The alignment of the I 15 guides and the first 4 m of 
the D22 guide is completed. The mounting of th e 
collimation exchange mechanics of D22 was carried out in 
collaboration with ABT technician , the alignment of the 
16 m collimation guides i planned for beginning of 1991. 
The replacement of the D 11 collimation section is under 
way. 

Preliminary studie for the prolongation of the H2 I 
g uide , the replacement of the Hl/H2 in pile part and 
suppl ementary guides of the vertical cold so urce have 
started. 

Computer aided design 

The latest versions of Autocad ( 10.0) and Euclid (2. 1) 
have been installed on the 3 6 PC and the two Yax working 
stations of the Project Office and the SCM drawi ng office 
respective! y. 
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Central Facilities Service 

Operations 
The use of the cluster, con isting e sentially of a VAX 

8650 and a VAX 8700, increased sli ghtl y thi s yea r. In 
general on- line operations saturate the two unit during 
working hour . To conserve the max imum of re ources for 
on-line u er we have therefore had to stop batch operation 
during this period of the day and only run it as background 
during the rest of the time. To compensate for this reduction 
in production of this work , part of it ha been transferred and 
performed as a bac kground tas k on VAX tati on units 
associated with the cluster. 

The level of utili sation of machines has been more than 
1000 hour /month (Reference VAX 8650) with peaks up to 
1200 hours/month. The ESRF share in these fi gure was of 
the order of 240 hours/month. 

To improve access to experiment dat a, we acquired 
additional disks to store the current cyc le and the 2 previous 
cycles on -l ine , which corre sponds to approximately 3 
gigabytes. All the experiment data for the previous years has 
been archi ved on optical disk. 

In cooperati on with the admini stra ti on and office 
computing group. the team of operators participated in the 
operation of the admini trati ve computer and the work of 
transferring ITOS documents to M ac intosh. Foll ow ing a 
reorgani sation of the use rs of the ITOS wordproces ing 
sys tem on a single machine. it was po sible to relea e a 
micro VAX II and make it available to an instrument. 

As regards ass istance to users. the operation group has 
been organised to ensure a first leve l maintenance for the 
termin als and M ac intoshes: on ca ll intervention work. 
diagno ·is of any problems and coordination of as istance on 
problems with the maintenance companies. 

Systems and communications 
This group deals with the administration of a cluster of 

three VAXes (VAX 8650, VAX 8700, VA X 750) and of a 
local area V AXclu ster ( VAX stat io n ) ass oc iated in 
operation with the previous VAXes, parti cularl y for sharing 
of di ks. A considerable effort has been diverted to the study 
and improvement of the performance of the machines, to 
permit work to continue smoothl y, parti cularl y during 
wo rkin g hours. Thi s stud y ha · bee n ca rri ed out in 
collaboration with Digital. and resulted in various measures, 
parti cul arl y as regard s reo rgani sa ti on o f di sks and th e 
di stributi on of batchwork over the di ffe rent central units 
available. 

Th e utili ·ation of th e ex tern al netw ork s (EAR . 
TRA SPAC. JA ET , HEP ET ) ha s co nsiderabl y 
increased. For ex ampl e traffi c on th e EAR netwo rk 
amount to some hundred outgoing me ·sages or document 
per day. and twice as many incoming. 
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To ensure that these communication function correctl y. 
we have to prov ide continuow, monitoring, parti cularl y on 
the control of access and utili ·ation . A t the reques t of the 
sc ienti sts we are looking at solutions fo r connec tion to the 
Internet network . 

A s regard s netwo rk mailing we have obtained new 
product · for deve lopment in acco rd ance wi th the new 
standard X400. 

A UNIX station. DECstation 5000, has been purchased 
and integrated in the ILL loca l network. Thi equipment: 

• offer a U IX environment to the CRAY users 
who wil l thus be able to prepare the work 
and examine the re ult on return. 

• will be able to take over certain applications 
which do not operate sati sfactoril y on the cluster. 

It will also be noted that two PC based workstations has 
been provided for sc ientists and visitors. 

Mathematics 
A se minar w as organised with th e th eo ry and 

crys talllography college on the mathematica software. and 
after a test period it was decided to purchase it and support it 
on a M acintosh. 

A contract has been signed between ILL and CEA on 
utili sa tion of the CR A Y . The link with thi s machine has 
been effec ted w ith the SU at ESRF. The serv ice w ill 
prov ide the necessary ass istance to future users of this new 
computing fac ility . A commi ss ion has been se t up by the 
Central Computer User Committee to examine proposal s 
and allocate time on the CRAY on the bas i of the budget 
for thi!> purpose. 

A regards the application A BFfit (max imum likelihood 
methods in powder diffraction refinements) the emphas is 
has this year been put on the publication of the result !> and 
the implementation of a new ver ion. A8Ffit-2D has been 
put on a transputer-ha ed y tern by ESRF. The Ori ent 
Express so ftware, version IBM PC. of the LAUE program 
has been commerciali ed by CYBER ST A R under a j o int 

E G- ILL li ce nce . Thi s i a product for tes tin g and 
ori entati on o f crys tal s with th e aid o f th e L AUE 
crys tall ographi c technique. The VAX version ha been 
expanded, with , in parti cular, imulation of Q vector sa tellite 
retlexions. 

T o res pond to need fo r data process ing by image 
trea tm ent tec hniques, we have acquired the OPTIL A B 
so ft ware operational on M acintosh. 

The persons responsible for this acti vity have also taken 
part in more general tasks in the operati on of the servi ce, 
such as w ritin g th e V A X use r 's g uid e, rew ritin g on 
M ac intosh th e message di ffusion sy tern on th e v ideo 
netwo rk , and subcontrac t i ng th e product to ass i t the 
onversion of ITOS documents into WORD documents. 
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Graphics 
As regards software a certain number of products have 

been transferred to VA X stations; these are programs for 
mode llin g and di spl ay o f data ( SCHAKAL, CHEMX, 
VIEW ). 

For the instruments DI I and D 17 a contour program has 
been developed on the bas is of the DISSPLA library . 

As to hardware, the graphics group has a colour PC for 
evaluation of the graphics products available on the market 
or from research organisations. The demand for production 
of images in 256 co lours and high definiti on is increasing; 
fo r thi s reaso n , after anal ys i s of th e m ark et in slide 
ge ner at o r s and co l our printer s, we have chose n a 
POSTSCRIPT printer. 

A t the reques t of the biol og ists and chemi sts , it was 
dec ided to purchase a new graphi cs stati on (Evans & 
Sutherland or Si licon Graphics) in addition to the present 
Evans & Sutherland PS 300, to operate display software for 
polymers, proteins and electron density maps and structure 
analy is. 

Telecommunications 
Telephone: 

in co nnec ti o n w ith th e mem orandum fo r a jo int 
ILL(ESRF telephone service, a market study wa carried out 
with the view to equ ipping the two insti tutes with the same 
system. T he OPUS 4000 was chosen. 

The two systems wi ll be interconnected as a network to 
fac i l itate communicati ons between ILL and ES RF and to 
share ce rtain resources (contro l of payment uni ts, vo ice 
messages, etc). 

The res ponsibi l ity for the internal paging system has 
been transferred from the Reactor to thi s group. The present 
system is an old des ign and results in maintenance problems 
w i th the receivers. A stud y has been carri ed out on new 
equ i pm ent whi ch would integ rate be tter w ith th e new 
telephone system. T he ILL and ESRF will acqui re the same 
type of equipment, operated in common by the j oint service. 

Computing networks: 

The group has parti c ipated in the development of the 
Ethernet and Appletalk networks. The considerable increase 
in the number o f M acintoshes will require a reorganisation 
of the App letalk network , for which a prel iminary tudy has 
already been made. 

Administration and office computing 
Finance and pu rchasing: 

A t the beginning of the year the D EAL application was 
transferred to a microYAX 3300 (ATLAS) , which is more 
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powerful than the prev ious microYAX II. This has penn itted 
the reso lution of a number of problems due to a lack of 
hardware re sou rces . W e partic i pated i n the study of a 
CON CEN T RA T O R proj ec t , w hi ch sho uld permit 
improvement of the handling of the implementation of the 
budget during the year. 

Salaries and personnel : 

The PACHA-T application on the SOPRA computers is 
run ning sa ti sfac toril y . Th e HERA pack age prov ides 
personnel management and training functions; this has been 
installed on a network of PCs in the administration, available 
to the sections concerned. 

Office computing: 

The shutdown of the MIS MIS microV AX (transfen·ed to 
an instrument) necessitated a reorganisation of users of the 
ITOS word process ing system on the MISV A X VAX 750. 
The dec ision to repl ace ITOS by the Microsoft product 
WORD on M acintosh was taken in November 1989, and the 
conve rsion programme should be completed as planned 
earl y in 9 1. 

Modernisation of the MISILL applications (Scientific 
visitor programme): 

A first application covering the handling of proposals for 
scheduling of experiments (SCA PRO) was implemented in 
M arch 90 on a micro V A X 3000 ca ll ed M I STER . The 
analysis by the M ERISE method was carried out at ILL, and 
the specifications were suppl ied to an external company for 
implementati on. The product was deve loped using an 
ORACLE database. 

Studies of other applications such as library operati on, 
travel offi ce, and control of access to the site are in progress 
in collaboration with ESRF. 
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Instrument Service 
In 1990 the aims of the Instrument Serv ice were: 
• maintenance of the hardware of the service 

and the rest of the department, 
• standardisation of hard ware and software 

on instrument computers, 
• deve l opm ent and impl ementati on of software 

for YME electronics, 
• supervision of the in-house computer network , 
• support for all the Macintoshes at I LL. 

Maintenance 

Support was prov ided for the service and the uclear 
Phys ics group; on a number of occasions work was done on 
various in tallations, particularl y " S" instruments. 

Standardisation of hardware and software 
on D and IN instruments 

Two microY AXes were installed on D 11 and D 17, to 
replace VAX 11/730 machines; thi s was the opportunity to 
sta1t rewriting programs for these two instruments, to enable 
the instrument service to prov ide full support to D 11 and 
D 17. The software for the time-of-fli ght instruments - IN4, 
INS and I N 6 - has been standardi sed and a number o f 
improvements have been made. The software for the triple 
axis instruments is being deve loped - (esp.) in collaboration 
with Mr Frick - to prepare for the transfer of the trip le ax is 
IN instruments to the Micro YAX standard and VMS. 

Th e compu ter s for th e " Mon oc hromator " g roup 
instrum ents are bein g standardi se d ; in sta ll ation o f a 
PDP 11 /73 on the fi ve gamma diffractometers (on RSX 11 M ), 
install ati on of a POPI 1/24 on T I 3C - th ese it em s are 
operational - deve lopm ent of th e cont ro l software via a 
MicroYAX forTl 3A. 

Several di spl ay programs have been deve loped for the 
'·Mu ltidetector" instruments DI 9, D9 and D1 5. on the bas is 
of PY-Wave, and utilitie are under tes t for I 4, I 5 and 
IN6. 

The V IXEN unit, used for special measurements with 
po lari sation analysis (CRYOPAD) on IN 20 and D3 , has 
been completely rebuilt. 

A number of improvements have been carri ed out for 
D9, D 15, D2B. D3, DI 0 and I 13. 

Proj ec t have been prepared for the repl acement of the 
computers on OB21 and IN20. 

Development and implementation of VME 

The very con siderable effort started in 1988 to develop 
the YME electron ics has been cont inued and is starting to 
take shape; replacement of the I I0A software, install ation 
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o f YME on the fi rst .. time-o f-fli ght " in strument , IN6, 
complete replacement of CAMAC, software for the control s 
of the YME motor modules on IN I 0C, control software for 
power suppl y to co il s on IN 15 (in co llaborati on with Mr. 
Dagleish). The installation of YM E on I 6 makes it poss ible 
to prepare the installation of the standard on IN4, I 5 and, 
as soon as the mechanical parts are ava ilable, on IN I 0C and 
IN1 5. 

Monitoring of the network 

Great efforts have been made to improve moni torin g, 
sa fety, correc t operation and reli ability of the Ethernet 
computing network at ILL. Several programs and automatic 
procedures have been developed, and the network increased 
from three segments at beginning of 1990 to si x in October 
1990. The associated Institutes - EMBL and ESRF - and the 
NN instrument have been separated from the network by 
bridges in order to limit unnecessary traffi c ( in particular 
LA YC). The "administration" network comprising the MJS 
computers has been separated for reasons of security and 
confidentiality . This involved the recabling of a considerable 
part of the network - [LL4 , fLL I and ILL I9. Efforts are 
now concentra ted on the problems of per formance and on 
the availability of the Ethernet network in all the buildings: 
reac tor leve l C. test work shop, etc. F inall y as there is a 
considerable increase in requ es ts fo r the co nnec ti on of 
personnel computers, a study is in progress incorporating the 
problems of the A ppletalk network s. 

Maci ntosh support 

This support is becomin g increas ingly important. as the 
number of M acin toshes increases, both in the scientific area 
and the secretariats. 

Th e yea r 1990 has bee n a ve ry b usy yea r for th e 
In trument Serv ice, despite reduced budgets. Effic iency can 
be achieved essenti a I l y by i ncreasecl standardi sa ti on o f 
hard ware and software. But a considerable proportion of the 
tim e i s spent on support and ass istance to use rs; thi s 
standardi sa ti on permits a sim pli fica ti on of the contac t 
be t wee n th e use r s and th e va ri ous member s of th e 
Instrument Servi ce. 

Data and projects group 
The Group supports current data treatment, and examines 

future strategies and systems for furthering th is aim. 

During the past few years the price of workstations has 
progress ive ly fa llen. T he Group has recognised the high 
pri ce/perfo rmance ratio for certain ac ti v ities. A number of 
these systems. compatible w ith the centra l computer, have 
bee n acquired and pl aced in serv ice. A Di stributed F ile 
Serv i ce so ft w are, o fferin g t ra nsp ar ent access by a 
work station use r to remote fil es (ty pi cal l y those on the 
Central C lu ster) has been impl emented. Althou gh thi s 
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si mplifi es worksta ti o n management it does ent rain 
overheads on the fi le server system and network. Examples 
include install at ion of graphics workstations on DI I and 
D 17 w hi ch, wit h the development of some network 
software. appear to be fully integrated into the individual 
instrument control computer env ironments. A further use of 
workstations at ILL has been demonstrated by theoretic ians 
using the Group 's own systems in a background batch mode, 
which have thu s delivered severa l month s eq ui va lent 
central-computer time , without hinder ing deve lopment 
work. 

Us ing two identical workstations, one running VMS and 
the second running under a U IX supervi or (Digital ' 
U LTRIX ) it has been po ible to tart making direct 
compari sons of perform ance and operat ions on the two 
ystems. 

W i th th e welcome additi on of st udent effort th e 
simulation using tran sputers for ignal analys i s for a 
multidetector has advanced. The aim is to test a number of 
algorithm s for posi t ion loca tion. identify ing potenti al 
bott l enecks in the log i ca l path befo re advancing to 
specifying a hardware des ign during the course of 199 1. 

De ve lopment of data-treatment wa di sc ussed more 
generally within the framework of a working group for the 
moderni satio n p l an. The Group's genera l aims for 
developing a standard user interface were endorsed by these 
members. 

As in the past the Group has assis ted the principal 
service of the Computing Department from time to time. 
Ly ing across the acti vi tie of both. one function has been to 
emphasize the need for standard isation of the environment 
sensed by the experimenters who use both facilities. 

Working w ith small groups of sc ient ists has lead to 
seve ral report s co nce rnin g data trea tm ent. and to the 
preparations for a data treatment workshop in 199 1. 

Nuclear physics and special instruments 
group 

This group is responsible for .. uclear Physics" and "S"' 
instruments. 

Th e yea r 1990 was esse nti all y one of ge neral 
standardi sation of instrument hardware and software, and of 
the use of ex isting network s, primarily Decnet. 

Nuclear Physics 
• PN I regulation of magnetic fi elds by a VECTRA 

computer (HP) and acquisition by ATARI 
connected to a Micro VAX II GPX. 

• PN2 change of computer to Micro YAX II. 
• PN3 complete reorgani sation on GAMS 2/3 

and 4 to operate on Micro YAX II. 
• P 7 study for automation of the polariser. 
• ·•S" Instruments 
• S52.B ew experiment (first acquisi ti on on exabyte) . 

DEPARTMENT 

117 

• S2 I Sample changer. 
• S20 Standardisation of conventional diffractometer. 
• S20-A ew detection system by PM. 
• MAMBO Replacement of MACAMAC 

by POPI I. 

2 General 
-

• NN Installation of bridge on optical fibre. 
• Level D Installation and exten ·ion 

of the Ethernet network in level D 
for experiments BILL (P 2) and EDM. 

• Standardisation of graphica l procedures 
for the use of X-Window te1minals. 
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React or Operation 1990 

The reactor operating schedule had to be modified as a 
result of the reactor shutdown between the 24 January and 
10 April 1990, which was required by the Safety Authoriti es 
(SCSIN) fo llowing the discovery that the reactor had been 
operating from the beginning at a power greater than the 
nominal power. During this shutdown, the consequences of 
the excess coo lant flow and of the approximately I O % 
excess power of the reactor were analyzed, and the replies 
given to the SCSIN led to the authori zation to restart the 
reactor. 

Because of this extended shutdown, the 1990 schedu le 
had to be limited to 4.5 cyc les of reactor operation. 

Cycle 1/90 

The reactor operated from 9 January to 14 M ay with an 
interrupti on from 24 January to 10 A pril fo r the above 
reasons. 

Apart from thi s shutdown , the cycle was compl eted 
without incident. 

Cycle 2/90 

Operation from 29 M ay to 14 July. The scheduled dates 
we re respec ted and the cyc le was completed w ithout 
incident. 

Cycle 3/90 

Operation from 25 July to 9 September. The start of the 
cyc le was del ayed by I day to compl ete wo rk on th e 
mechanism of the control rod , and the end of the cycle was 
also de layed by I day in compensation. During the cyc le 
there were two brief shutdowns following a disturbance on 
the EDF power supply and a safety rod release; in additi on a 
two day shutdown was necessary for work on one of the 
main pipes of the secondary cooling circuit. 

Cycle 4/90 

Operation 25 September to I O November. The scheduled 
dates were respected and the cycle was completed without 
incident. 

Cycle 5/90 (part I ) 

Opera ti on from 27 November to 2 1 December. T he 
scheduled dates were respected and the cycle was completed 
without incident. 
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Data for 1990 

Number of day originally scheduled 

Actual number of days of operation 

Number of equivalent days of full power 

Actual operating time as proportion of year(%) 

Actual operating time in relation to time 

scheduled(%) 

Number of fuel element used 

Number of new elements received 

Number of unscheduled shutdowns 

including: 

brief shutdowns 

shutdowns with Xenon poisoning 

264 

~ 4 

~ 
72 

77 

5 

5 

5 

3 

2 

Apart from the usual maintenance work and the renewal 
of installations to ensure safe and reliable operation of the 
reactor, a number of important points shou ld be mentioned. 

There were no problems for the supply of new fu el 
elements in l 990, but the reprocess ing of fuel elements has 
still not resumed, and the ILL storage fac ilities were full y 
occupied at the end of 1990. Continued operation of the 
reactor is subjec t to the removal and interim storage on 
another site of our used fuel elements. A f ter studying several 
solutions. it has been decided to use the Pegase installations 
at CEN-CADAR AC H E fo r storage. The first el ements 
should be despatched at the end of January 1991. 

The study on the behav iour of the stee l reactor shell i f 
subjec ted to pres ure fo ll ow in g an ex pl os i o n on th e 
motorway has been forwarded to the Safety Authorities. 

The containment of the emergency control room in the 
building ESRF 2 has been completed. 

The reheaters before the filters in the gaseous effluent 
network in the reac tor building have been install ed and 
commiss ioned. 

The analys is o f th e ori g in and co nsequences of the 
underes tim ate of the heavy wa ter fl ow fo r cooling the 
reac tor has been completed. 

The study of the consequences of a complete failure of 
electrica l energy on the coo ling of the reactor (transfer to 
natura l convection) has been continued. 

Irradia ted samples of zirca loy and stainless stee l have 
been removed and despatched to the KFK laboratory fo r a 
study of their mechanical characteri stics. 

Operations assoc iated w i th the ordering, manufac ture 
and acceptance of major replacement parts are continuing, 
parti cularl y with a view to the replacement of beam tube 
liners and others parts of the reactor block . 

,-, 

... 
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Finance 

Implementation of the 1990 Budget 
The Budget authori zed for 1990 amounted to a total of 

approx. 303 MF excl. taxes. Total expenditure in 1990 is 
anticipated to be 286.9 MF, the difference being mainly due 
to th e imposs ibilit y of shipping fu el elements fo r 
reprocess ing to the USA , and al so to the delay in th e 
construction of the joint ILL/ESRF building. now planned 
for 199 1 /92. 

More detail ed i nformatio n on the ex penditure and 
income trends between 1989 and 1990 is given in the 
fo llowing tables: 

Comparison of 1989 and 1990 Budgets (Expenditure) 

Expenditure Expenditure Estimated Change 
1989 Expenditure 

1990 

MF % MF % % 

1. Staff costs 160 .5 55 17 1.4 59 + 6.8 

2. Fuel elements 34.2 12 22.3 8 -34.8 

Consumables 28.8 10 27 .9 10 -3. 1 

Long term supplies 7. 1 2 8.6 3 +21. 1 
and services 

Shon term suppl ies 13.3 5 12.6 4 -5.2 
and services 

Travel 2.4 I 2. 1 I - 12.5 

Miscell aneous 8.2 2 7.2 2 - 12.2 
adm. costs 

Taxes and fees 1.4 I 1.5 I +7.1 

3. Operation 61.2 21 59.9 2 1 -2 .1 

Total Operation 255.9 88 253.6 88 -0.9 

Bui ldings 0 .9 - 0.3 - -67.0 

Equipment 6. 1 2 7.2 3 +1 8.0 

Instru ments I 6.4 6 16.7 6 + 1.8 

Other inves tments 11.6 4 9. 1 3 -2 1.5 

Total In vestments 35.0 12 33.3 12 -4.9 

Total Expenditure 290.9 100 286.9 100 -1.4 
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Comparison of 1989 and 1990 Budgets (Income) 

Income Income Estimated Change 
1989 Income 

1990 

MF % MF % % 

Collaboration 0.8 0.3 1.2 0.4 + 50 
with ESRF 

ILL 's own income 8.7 3.0 9.000 3. 1 +3.4 

Reabsorption - - 0.7 0.2 -
of provision 

Spani sh, Swiss, 8.6 3.0 13.5 4.7 +57.0 
Austrian 
contribution 

As oc iates ' 269.5 92.6 276.7 96 .5 +2.7 
contributions 

Carry forward 1988 + 15.4 5.3 
to 1989 

Carry fo rward 1989 - 12.1 -4.2 
10 1990 

Carry fo rward 1990 - 16.2 -5 .6 
LO 199 1 

Use of Reserve +2 .0 0 .7 
account 

Total Income 290.9 l00 286.9 100.0 -l.4 

A compari son of expenditure between 1989 and 1990 
shows an increase in staff costs of 6.8 %, which includes 
general sal ar y increases, increased soc ia l charges, the 
increase in the ILL allowance . new measures to improve the 
attracti ve ness o f th e ILL fo r non-French staff and an 
increase in the number of sc ienti st pos ts as a resul t o f 
Austrian membership. 

The considerable reduction by 34.8 % in expend iture on 
fuel elements results from the postponement until 199 1 of 
delivery of 56 kg uran ium, the delay in the product ion of 
fuel elements. and the suspension of reprocessing of fuel 
elements in the USA. 

The other operati on expendi tu re is about 2 % lower , 
mainly as a result of the economie due to the omi sion of 
one and a hal f reactor cyc les. 

A lthough total inve tment decreased by about 5 %, it was 
possible to maintain and even slightly increase(+ 1.8 % ) 

in vestments for instruments in 1990 due to additional fund 
made avai lable through the sc ientific part icipation of Austri a, 
and internal transfer fo llowing economies in operation costs 
as a con equence of the reactor shutdown earl y in the year. 
Scienti fi e investments were in both years mainly used for 
the completi on of the instru ments on the hori zontal cold 
source , main tenance and i mprove ment o f ex i stin g 
instruments as wel l as the development of methods. 
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Other in ves tme nts - outside th e sc ientifi c secto r -
decreased overa ll by 2 MF. Extension work on building 
ILL20 was finished in 1989; there were also less purchases 
of computers and reactor equipment in 1990 than in 1989. 

Budget 1991 
At its meeting in Grenoble on 27 ovember 1990 the 

Steering Committee adopted the 199 1 bud get w ith total 
expenditure of 3 14.9 MF, including the fo ll ow ing main 
headings: staff co ·ts 177.7 MF, fuel elements 41.2 MF, other 
operation expendi ture 62.7 MF, investments 33.3 MF. 

Forward look 
The m ain goa l s for sc i ent ifi c investments in th e 

mu l ti annual financial es tim ates ca n be summari zed as 
fo llows: 

- complet ion of the instruments for the hori zontal cold 
source with appro x imately 4.7 MF in 199 1 and approx. 
4.0 MF in 1992 (D22. INl5, INIOC); 

- maintenance and smaller repl acement investments for 
ex isting instruments ("group budgets": 

- spec ifi c majo r upg rad es ( i n parti cul ar I 4C. 
p I, p 3): 

- improv em en t of ex i st i ng i nstr uments and 
refurbi shment of guid es ( in parti cular detectors D20 and 
D 19, high speed se lectors), overall investment in thi s fi eld 
between 2 and 3 MF per year over the pl anning peri od 
( 1992- 1996); 

- development of methods with approx. 1.6 MF per year 
on average; special emphasis on Be crysta ls. detectors and 
thin layers. 

T hese investments wi l l be coordinated with the sc ientifi c 
goals pursued by the new development programme presently 
under d iscussion. 

Outside the sc ientific sec tor the following investments 
during the planning period should be mentioned: 

- a new te lephone system, to be used joi ntly with ESRF, 
wi ll be installed in 199 1; 

- th e build -up of a re erv e of three fu el element . 
to be completed by the end of 1991: 

- the joint I LL/ES R F bui l din g ( library. off i ces 
fo r theoreti c ian s, ca nteen , cafe teri a) will be co mpleted 
in 1992; 

- rep lacement of eq uipment necessary for the safe ty 
and reliable operation of the reactor. 

Purchasing 
In order to ensure Uranium supply. 32 Kg of Uranium 

(93% enriched) was purchased from COGEMA (F) who 
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were also awarded a contract fo r the re-enri chment and 
transport of a further 24 K g of reprocessed Uranium. As 
irradiated fuel elements can at present no longer be sent to 
the USA for reprocessing and the ILL 's storage capacity is 
rather limited. it became vital to find an alternati ve olution 
for storage of spent fuel elements. After an in vitat ion to 
tender, CE CADARACHE (F) was awarded the contract 
for thi s interim storage of fuel elements: we are studying 
offers for the tran port of these elements. at the time of 
writing. 

Nukem (D) were awarded an important supplement to 

the ex isti ng contract for the manufacture of the beam tube 
H I /H2 which originally provided for a piece with 5 beam 
holes fo r co ld neutrons. The new design wi l l provide 2 
add it ional co ld neutron beams without affec ting the co ld 
source or the essential parts of the H I /H2 beam tube. 

Also , for the Reac tor , a new pair of fi l ters for th e 
pumping station were ordered from Perri er (F), the original 
supplier: an important order for Deuterium gas was placed 
with Airgaz (D) for the Detritiation plant. 

For the new instruments on the Horizonta l Cold Source. 
four major purchases are in progress . The shielding and 
central platform of the secondary spectrometer for I I 0C is 
under construction at SEIV (F). A prototype toroidal mirror 
for the optica l focuss ing system of IN 15 has been ordered 
from C. Zeiss (D), and a fu rther 7 mi rrors wi ll be ordered if 
thi s prototype performs sat isfactori ly . The neutron velocity 
se lec tor for D22 wil l be manu factured by DOR IER (D) 
and the mu ltidetector for D22 was awarded to CERCA (F). 
A similar order for the multidetector of D 19 was also placed 
with CERCA. These and other detectors require Hel ium 3 
gas which has been ordered from IC Chemikal ien (D). 

Other important purchases for the instruments included a 
vac uum evaporat o r for Nuc lear Ph ys ics ordered from 
LEYBOLD (D), and a goniometer for D 10 from Huber 
Diffraktionstechn ik (D). 

A new telecommunica tion s sys tem has been ordered 
from Opus A lcatel (F) for installation in April 199 1, to be 
operated jointly by ILL and ESRF. 

In the computing area 3 Yaxstations and 2 Microvax 
computers were bou ght from Di g ital (U SA ). Several 
M ac intoshes were purchased. The Finance and Purchas ing 
Service acquired a new Microvax 3300 which has greatl y 
improved re ponse time. 

As usual about a quarter of expenditure was spent on 
serv ice contracts such as electricity , telephone, c leaning, 
restaurant, and contracts wi th the CENG for hea ting, helium 
suppl y and radioprotec ti o n serv i ces. as we ll as the 
maintenance contrac ts for computers and other equipment. 

Considerabl e savi ngs we re achi eved by compet iti ve 
tendering for major purchases, as well as by negoti ations 
wi th the regular suppli ers for routine orders. Whenever 
poss ible an international call for tenders was carri ed out for 
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major purchases; offers were compared on an ex-works bas is 
so as not to di sadvantage British, German, Swi ss, Spanish 
and Au strian firm s compared with loca l supplier . The 
di tribution of ILL purchase (orders exceeding 50 K F) in 
the first I 0 months of 1990 is shown in the diagram. The 
fi gure inc ludes purchases for whi ch a free choi ce f 
uppliers was pos ible excluding therefore the fuel cycle, 

electri city and small purcha es le than 50 KF. 

Stores 
The former Head of Stores retired in 1990 and 2 other 

storemen moved on to new jobs. A new team ha been built 
in store o fferin g fre ·h chall enge to th e newcomers. 
including a second ESR F storeman. 

A ll deli veri es of purchased equipment were received and 
che ked quantitative ly by the storemen who at the ame 
time arranged the despatch of sample , returned equipment. 
etc, and the prov i ion of raw material . 

Thi joint ESRF/ ILL stores fac ility operates succe sfully 
and will continue, allow ing economies for both partners. 
until the new ESRF stores is completed at the end of 199 1. 

17% 

D 3.7 MF 
21 % 

Distribution of ILL purchases 
(orders > 50 KF) 

UK 1.7 MF 

CH 0 .2 MF 
1% 

Fig .: D istrilmtion oJ ILL purchases (orders> 50 KF) 

F 9.1 MF 
51 % 

122 

Personnel 

Staff 
In 1990 th ere w as a to tal of 483 staff on pos ts. 

practica lly the same fi gure as in 1989 (482). 

However there ha been a change in the breakdown by 
nationalities in relation to 1989 : 

French 

German 

Briti h 

Other 

61.9 Oh in tead of 

16.6 % instead of 

I5. t Oh in tead of 

6.4 % in tead of 

65.2 Oh 

14.9 % 

13.9 % 

6.0 % 

The table showing the staff complement situation give 
detail s of these change. , notabl y the reduction in Fren h 
taff (- 15) in 1990. With the change in 1989 (-11 ) there has 

been a reduction of 26 in the French staff, while over these 
two years the German (+1 3) and Briti sh (+8) staff show a 
significant increase. 

Th e new staff al rea dy rec ruited for 1991 indi ca te a 
continuation of this trend. 

Salaries 
The sa lary increa es known for 1990 amount to 2.7 %. 

of which 1.5 % was awarded at 1.03.90, 0.2 % at 1.07.90 
and 1.0 % at 1.09.90. 

In addition the ILL allowance was increased to 12 % of 
the basic sa lary (prev iously 10 %) with effect from 1.0 1.90, 
fo llow ing an agreement igned by the ILL M anagement and 
union . 

Guest scientists 
There were appro~ imately 2200 v isits by 1400 gues t 

·cienti ts to the ILL between January and December 1990. 

Of these visitor · 30 Oh came from laboratorie in France, 
28 % from Germany . 25 % from the U K and 17 % from 
other countrie . 
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Staff complement situation in 1990 
(by categories and nationalitie ) 

POSITION ON 31 .12.89 CHANGES IN 1990 AND POSITION ON 31 . 12.90 

l -CADRES G B F 0 T G B F 0 TOTAL 

Recr. Dep. Total Recr. Dep. Total Recr. Dep. Total Recr. Dep. Total Recr. Dep. 

SCIENTIFIC SECTOR 
- Scientists (permanent) 12 5 8 6 31 + 1 13 5 . 1 7 + 1 7 + 2 - 1 
- Scientists (nan permanent) 12 8 11 6 37 +8 - 3 17 + 4 - 2 10 + 3 - 3 11 +7 -6 7 + 22 - 14 
- Engineers 2 2 2 

TOTAL 24 13 21 12 70 +9 . 3 30 +4 - 2 15 +3 - 4 20 + 8 -6 14 + 24 - 15 

OTHER "CADRES" 15 8 39 62 15 +1 9 + 1 . 2 38 +2 - 2 

TOTAL CADRES 39 21 60 12 132 +9 . 3 45 + 5 . 2 24 +4 - 6 58 + 8 . 6 14 + 26 - 17 

2 - THESIS STUDENTS 9 8 9 3 29 +3 . 3 9 + 1 . 1 8 + 2 - 2 9 + 1 4 + 7 - 6 

3 - NON CADRES 

- Technicians 15 26 138 3 182 + 1 16 +4 . 2 28 +2 - 7 133 3 +7 - 9 
- Others 9 12 107 11 139 + 1 10 +2 . 1 13 + 2 - 10 99 . 1 10 +5 - 12 

TOTAL NON-CADRES 24 38 245 14 321 +2 26 +6 - 3 41 +4 - 17 232 . 1 13 + 12 - 21 

TOTAL 72 67 3 14 29 482 + 14 . 6 80 + 12 - 6 73 + 10 - 25 299 +9 . 7 3 1 + 45 - 44 

G : German, B: British , F: French, 0 : Others, T: Total 
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Total 

32 
45 
2 

79 

62 

141 

30 

180 
132 

312 

483 
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Welfare and general services 

Housing 
ILL ha 20 furnished flat for rent by gue t cienti ts 

staying for at least two week , or for new ILL or ESRF staff 
·tarting work in Grenoble. In 1990 seventy-four persons or 
families made use of these facilitie , including 50 from ILL, 
21 from ESRF. 2 from IRAM and I from EMBL. The 
proportion of occupation wa 95 %. When the reactor is 
operating, more requests are received than can be satisfied. 

Finding accommodation 

ew arrivals, in particular non-French staff, are helped to 

look for flats or houses. The housing market in Grenoble 
area has become easier over the last three or four years. 
which facili tates this work. Existing staff al so consu lt us. 

Employer's contribution to housing 

This contribution is used either for loans for housing, in 
accordance with French legi slation, or to reserve flats. 

Fifteen loans were granted , totalling 784 300 F 
(minimum loan: 9 300 F over 2 years. maximum: 80 000 F, 
reimbursed over I 0 years). 

Two flat were reserv ed with housin g as ociations 
(HLM). 

Assistance for german staff 
Since January 1989, Frau Hildebrandt , who is German 

and a psycholog ist. has been detached to the ILL by the 
German Associate, the KFK. 

She help the German community, dealing specifically 
with question of integration encountered by ILL German 
staff and their families at Grenoble (employment for wives. 
recognition of qualifications, pension matters, administrative 
fonnalitie , etc). In the cour e of her work, Frau Hildebrandt 
is in contact with municipal departments in Grenoble, the 
employment exchange, various firms in the Grenoble area, 
German pension funds and the German Con ulate at Lyon . 
Her appointment has been extended for a further two 
year (] 99 I -92). 

Welfare Assistant 
Mme Pennec, the Welfare Assistant. assists staff and 

their families with administrative formalities (e.g. for family 
allowances, unemployment benefit, and contacts with job 
cen tre ), or in case of occa ional serious personal 
difficulties. She collaborates c losely with th e various 
subcommittee of the Works Committee (e.g. those dealing 
with hou sing and holidays), the Welfare and General 
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Services Group, the ILL taff "Mutuelle". the Personnel 
Group (particularly on retirement and pensions), and the 
Medical Service. 

She provides a sistance to the taff of both ILL and 
ESRF. 

International education 
All the chool years from the beginning of Primary 

School to the Level of the "Baccalaureat" are now covered. 
Thi s International Schooling i s extremely popular at 
Grenoble, which raises the question of selection of French 
children, in particular in the lowest class in the Primary 
School (children of 6 to 7) and in the "s ixieme" at the L.l.S. 
(L ycee International Stendhal). Almost 600 children attend 
the English and German "sections". 

Since September 1990 the French Ministry of Education 
ha been responsible for payment of the Eng Ii h and German 
teachers. Discussions are st ill in progress on the extension of 
thi s to cover inten ive French tuition for new foreign 
children at the Houille Blanche Primary School. This post is 
essential to enable the children to integrate rapidly in their 
new environment. 

Training 
The ILL French courses include ILL and ES RF staff. 

their wive . long-term gue t sc ienti sts , scientists at the 
university, etc. The classes are attended by about 80 per ons, 
spread over 7 levels. The teachers are Mme Cedile and 
Mme Gobrecht. In addition , exc ursion s and sma ll 
ce lebrations organi sed by the teachers produce a soc iable 
atmosphere in groups comprising people of very varied 
nationality and culture. 

Technical and professional training courses cover mainly 
computing techniques , u ·e of oftware, automatic control 
devices, etc. A group of technicians wa very interested by a 
co urse on quality as urance. Thi s type of course will be 
continued in 1991. 
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SEMINARS 

Seminars 

College 2 

Theory 
"Vortex incline dan les supraconducteur quas i 2d" . 

A. BUZDI , Universite de Moscou. 

"Structure tati tique des polymere conj ugues olubles". 
Annie VIALLAT, Spectrometrie Phys ique, Grenoble. 

"High resolution electron energy lo s study of the 
urfaces and energy gaps of cleaved high temperature 

superconductors" . 
B . .J. PERSSON, Institut fUr Festkorperforschung, KFA 
Ji.i I ich. 

"Application des methodes thennodynamique 
variationnelles a la metallurgie physique" . 
A. Pasture!, Laboratoire d'Electrochimie de Grenoble. 

"Fru trated anti ferromagnetic and anti ferro spin gla. ses" . 
E.F. Shender, ILL and Leningrad. 

"Superfluid kinetic equation approach to the dynamics of 
the 3He A-B phase boundary". 
J. PALMERI , CEN-Saclay . 

"Stati stical mechanics of granular material s : statics and 
dynamics". 
A. MEHTA, Cavendish Laboratory, Cambridge. 

"Morphologica l surprise during epitax ial cry tal 
growth ". 
A. ZA GWILL, School of Physics, Georgia Institute of 
Technology, Atlanta. 

"Un systeme desordonne : le tas de sable, resultats 
recents et conjectures". 
J. RAJCHENBACH, Universite P. et M. Curie, Pari s. 

"Energy gaps in layered superconductor ". 
L. BULAEVSKI , Lebedev Institute, Mo cow. 

"Ab ence d'universalite dans la tran ition de phase des 
systemes helimagnetiques" . 
P. AZARIA, Uni ver ite Pari s VI. 

"Slave boson approach to the theory of heavy fermions". 
S. EVANS, Laboratoire Phys ique des Solides, Or ay. 

"Magnetic properties of the ideal Fee anti ferromagnet Cu 
at nano Kelvin temperatures" . 
A. LI DGARD, Atomic Energy ommis. Re earch E tabl. 
Ri 0. 

"Computer imulation of incommensurate pha ·e". 
K. PARLJNSKI , Institute of uclear Phys ics . Cracow. 

"A theory of high Tc superconductors". 
C. VARMA, Bell Laboratories, USA. 

"La so lidification orientee de systemes eutectiques" . 
Ch. MISBAH, Groupe de Phys ique des Solides, Pari s 
Juss ieu. 
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"Scattering of electrons by kinks on the dis location line 
of a metal". 
S.I. M UKHI , Institute of Steel and A lloys. M oscow. 

"Charge density waves and superconductivity in 
Ba1xKxBi03". 
WU PEI SU , Department of Phys ics and Texas Center for 
Superconducti vity, Univer ity of Hou ton, Texas. 

"Mathematica : a program of symbolic computation . 
Overview and physical application ". 
B. AUTIN , CERN, Geneve. 

"X-ray, photoemi sion and absorption spectroscopy as a 
probe of electronic and structura l properties of condensed 
matter". 
C. ATOLi , L aboratory INF Frascati and ILL Grenoble. 

"Fermion sur reseau avec forte repulsion locale : 
quelques regles de somme pour le spectre a une particule". 
K . MATHO. RTBT-C RS Grenoble. 

"Sca ling theory of interacting light and heavy fennion 
in one dimension" . 
J. SOL YOM, Central Research In titute for Physics, Budapest. 

"Fonnation de structure par depot cathodique" . 
L. SANDER, Universite de Michigan. 

"Fermi liquid nesting in high temperature 
superconductors". 
J. RUVALDS, University of Virginia. 

" on-linearite et de ordre" . 
J.S. KI USHAR, Universite de Kharkov. 

"Une theorie de champs pour les verres de spin ". 
C. DE DOMIN ICIS, Phys ique Theorique, CE -Saclay. 

"Solitons and dislocations for the current conversion in 
charge den ity wave crystals". 
S. BRAZOWSKII , Landau Institute ofTheoret. Physics. 

"Slave boson representation of correlated fermions". 
P. WOLFLE, Uni versitat Karl sruhe. 

"M odeles de tran fert de charge pour le 
supraconducteurs a haute Tc" . 
D. U - EZ-REGUEIR O, ILL, Grenoble. 

"Triplet Cooper pairing in nuclei : a new type of 
superfluidity in nuclear matter, heavy nuclei, neutron stars". 
1.S. SHAPIRO, Lebedev In titute, Moscow. 

"Lois d'echelle pour Tc posit if. nul ou negatif. Des 
ferromagnetiques aux fermions lourds, et de verre de spin 
aux verre structuraux". 
J. SOULETl E. CRTBT-C R , Grenoble. 

"Quantum correc tions to soliton-induced properties in 
spin chains". 
H.J . MIKESKA. University of Hannover, Gennany. 

"Relation hip between latti ce motion and carrier 
dynamics in high Tc superconductors". 
W.E. PICKETT, ava l Research Laboratory, Washington . 



SEMINARS 

" Un principe d'ex tremum pour la turbulence". 
B. CASTAJ G, CRT BT-CNRS, Grenoble. 

"M ultineura l in teraction model for neural networks". 
R. IGLESIA S, Porto-A legre, Bresil. 

"Deri vation of a single-band model for the cuprate 
superconductors". 
J.H . JEFFERSO , Royal Signals and Radar Es tablishment 
M alvern , Wares .. U.K . 

"3He impurity states of liquid 4He: from thin fi lms to 
the bulk surface". 
J. TR EINER IP Orsay. 

" Figures de souffle : un probleme de probabilites 
geometriques". 
C. GODRECH, Orme des Meri siers, Saclay. 

"Phase separation and superconducti v ity in an ex tended 
Hubbard model" . 
M . GRILLI , Uni versite de Rome. 

"Fluctuating chains and membranes with internal degrees 
of freedom". 
J. PALM ERI. Phys ique Theorique, Orsay. 

College 3 

Fundamental and nuclear physics 
"The Sudbury Neutrino Observatory" . 

W. DA YIDSON , Nat. Research Council , Canada. 

"Energy and angular correlation of the e+e- pairs emitted 
in heavy-ion coll isions using the GS! double orange 
spectrometer". 
W . KOEN IG, GS! Dannstadt. 

"The BNL high flu x beam of moderated positrons". 
K .G. LY N, Brookhaven Nati onal Laboratory, New York . 

"Optics and interferometry with very cold neutrons". 
A. ZEILI GER, Wien. 

"On the microscopic interpretation of interacting bosons 
in nuclei" . 
D. JA SSE , Rossendorf. 

"Ex istence of two-phonon vibrational states in deformed 
nuclei ". 
R. PI EPE BRI G, IS , Grenoble. 

"MI - Resonances in spheri ca l nucle i". 
A . YDOY IN, Dubna. 

" Ion beam induced transport of matter in hard coatings" . 
W. BOLSE. Gottingen. 

" Intruder states in 120 Xe". 
W. W A LTERS, Uni versity of Mary land. 

"Accelerator mass spectroscopy of 4 1 Ca". 
A. STEI HOF. ILL. Grenoble. 
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"Development of a new technique to search for the 
neutron EDM". 
R. GOL B. ILL. Grenoble. 

"Metal cl u ter fi ss ion : Condensed matter analogue to 
nuclei ". 
W.A. SAU D ERS, Ecole Polytechnique Federa le de 
Lausanne. 

"Neutron P-decay and ri ght-handed current problem". 
Yu . V. GA PONOY, Kurchatov Institute. Moscow. 

"The neutron EDM experiment in Gatchina". 
Y. LOBA HEY. Gatchina. 

"P-odd effects in neutron-nuclear interaction". 
Yu.G. A BOY, Inst. Theor. and Exper. Phys .. Moscow. 

"Convers ion electrons from highl y ionized atoms". 
W. STOFFL, Lawrence Li vermore Nat. Lab. 

"The ro le of a University Reactor". 
C.J. BA IER, Risley. 

College 4 
Structural and Magnetic Excitations 

"Excitation scattering in superfluid helium". 
A .F.G. WYATT, University of Exeter. 

"Sum rul es and elementary excitations in quantum 
liquids" 
S. STRINGARI. Uni versita di Trento. 

"Quasi-one-dimensional anti ferromagneti sm in 
vanadiumth iophosphate with S = I Heisenberg chains". 
H. M UTKA, ILL, Grenoble. 

"High energy inelastic scattering studies on rare earths 
and actinides at ISIS" . 
K. McEWEN, Uni versity of London. 

"Longitudinal spin fluctuations in nickel below Tc" · 
P. BO L Paul Scherrer lnstitut, Yilligen . 

"New phases of sol id hydrogen at megabar pressures and 
evidence for metall ic hydrogen" .. 
I.F. SIL V ERA. Lab. de Spectrometrie Hertzienne, I S, 
Pari s. 

"Do rea l interac ting spins always freeze ?" 
G. AEPPLI , Bell Laboratory 

"Elementary excitations in liquid 3He and 3He-4He 
mi xture ·". 
B. FA K, ILL, Grenoble. 

"Phonon dispersion curves in high-Tc superconductors. a 
challenge for inelastic neutron scattering" . 
L. PI NTSCHOYI US. Kern forschungszentrum Kalsruhe. 

"Phonons in strongly coupled electron - phonon 
systems". 
A.S. ALEXA DROY, Moscow Phys ics Engineering Institute. 



SEMINARS 

"Neutron scattering experiments on hexagonal ABX3-
type compounds (A = Cs, Rb ; B = Ni , V, (Mn); X = Cl, 
Br(l))" . 
K. KAKURAI , Tohoku University , Sendai. 

"Dynamic of dipolar glasses". 
J . PETZELT, Czechoslowak Academy of Science, Prague. 

"Recent experiments with MARI - time-of-flight 
spectrometer". 
M. ARAI, Rutherford Appleton Laboratory. 

"Crystal-fields as a probe of the magnetism in high Tc 
superconductors". 
R. OSBORN, Rutherford Appleton Laboratory. 

"Magnetic properties of R2CuO4 single c rysta ls" and 
"Electron paramagnetic resonance, a usefu l too l to study 
magnetic ordering in R2Cu4". 
S. OSEROFF, San Diego State University . 

"The reconstruction of mol ybdenium (0 0 1) : a structural 
phase transition at a so lid surface". 
D.M. SMILGIES, MPISF. Gottingen. 

"Universality in a triangular anti ferromagnet" . 
Th. MASON , ATT, Bell Laboratory, ew Jersey. 

"Inelas tic magnetic neutron scattering study of the 
transition from amorphous to crystalline PrNi5". 
P. ALEKSEEV, Kurchatov Institute of Atomic Energy. 

"Non linear excitations in quantum spin chain : domain 
wall s, solitons and the transi ti on to the classical limit". 
H.J . MlKESKA, Theoreti sche Phys ik , Universitlit Hannover. 

"Recent neutron scattering investi gations on 
superconducting cuprates and titanates". 
F. GOMPF, K.F.K , Karl sruhe. 

"Dilution induced order in quasi-one-dimensional 
quantum antiferromagnets" . 
E.F. SHENDER, ILL and Leningrad . 

"Magnetic fluctuation s near the metal-insulator in 
La2xBaxCuO4" . 
Dr. S. HAYDEN , ILL. 

"Recent developments at LANSCE". 
R. PYN . Los Alamos National Laboratory , USA. 

"Density of tates measurements in Sex Te 1-x a lloy 
sy terns". 
L. EEDHAM. ILL, Grenoble. 

College 5 

Crystallographic and magnetic structures 
"Maximum entropy methods in crystallography" 

C. GILMORE, University of Gl asgow. 

"Crystallography and crystal chemistry of orientationally 
di sordered sili cates" 
C.R . ROSS, 11 , University Bayreuth . 
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"Crystallograph ic and magnetic structures of hydride 
alloys RE-3d-meta ls : R2Fe14BHx, R2Fe17Hx , 
YFe11TiHx' '-
D. FRUCHART, CNRS-Grenoble. 

"Charge spin and theoretical densities in transition metal 
complexes" . 
B.N. FIGGIS , Univer ity of Weste rn Australia. 

"Neutron diffraction physics and the structure of the 
neutron" . 
Yu A. ALEXANDROY, JI R, Dubna. 

"Powder neutron diffraction of xylene isomers in 
Y-zeolite ". 

Mirjam CZJZEK , CNRS-Yilleurbanne & Technische 
Hochschule, Oarmstadt. 

"Lattice instability anharmonic ity di sorder in high-Tc 
superconducting compounds". 
B. TOPERVERG , Leningrad Nucl.Phy •. Institute. Gatchina. 

"Simulated annealing: an introduction and a few 
application to problems of structure determination". 
J. PANNETIER, ILL, Grenoble. 

"Fru trated anti ferromagnets and anti ferro-spin glasses". 
E.F. SHE DER. ILL.and Leningrad. 

"Single crystal neutron diffraction in inorganic 
chemistry". 
J. A.K. HOWARD, School of Chemistry, Univer ity of 
Bristol. 

"Random fields. phase tran itions and metastability". 
R.A. COWLEY , Universi ty of Oxford . 

"New crystallographic method applied to inorganic 
superconductors and conducting organ ic salts : modulation 
analys is, application of synchrotron anomalous scattering 
and the description of composite structures". 
Ph . COPPENS, Department of Chemistry, SUNY, Buffalo. 

"DITO, a new TOF powder diffractometer". 
C. RITTER, ILL, Grenoble. 

"Physintercalation process of a lkanes in cesium 
graphitides". 

H. PILLIERE, ILL, Grenoble. 

"Towards an optimal strategy for diffraction data 
co llection with position sen iti ve detectors". 
I. VlCKOYIC, Laboratory of Chemical Physics, University 
of Groningen. 

"Max imum entropy reconstruction of magnetisation 
density maps". 
R. PAPOULAR , Laboratoire Leon Brillouin, CEA, Sac lay. 

"Twin formation and structural modulations 
in orthorhombic and tetragonal 

YBa2(Cu l -xCox)307_0"• 
W.W. SCHMAHL, Darmstad t. 



SEMINARS 

"T ime-resolved powder di ffract ion with synchrotron 
radi ation". 
Dr. P.U. PENNARTZ, Darmstadt. 

"Single crystal studies of zeolites and chlathrates using 
synchrotron radiation X-ray or neutron diffraction 
techniques". 
A. KVICK, ESRF, Grenoble . 

"The interpretation of e lectron diffraction-patterns using 
optica l analogues". 
B.H. PARRY , Lab. Chimie Minera le et Structu rale, 
Limoges. 

"Mossbauer spectroscopy using synchrotron 
radi ati on".J .B. HASTINGS, Nat. Synchrotron Light Source, 
Brookhaven Nat.Lab. 

"Structura l instability and lattice dynamics of 
incommensurate mate ri a l : potass ium , selenate revi sited". 
J.M. PEREZ-MATO, Universidad del pais vasco, Bilbao, spain . 

"Crysta llographic descriptions of incommensurate 
structures : representation ana lys is in 3D and N-dimensional 
space groups". 
J.M. PER EZ-MATO, Uni versidad del pais vasco. Bilbao, spain . 

College 6 

Liquids, disordered materials 
"Theori e des transitions de phase reconstructi ves" . 

"P. TOLEDANO, Lab. Transitions Phases, Uni v. de 
Picardi e. 

"Total energy ca lculations for di splac ive transfo rmations 
in so lids". 
B. HARMON , Ames Laboratory, Ames, Iowa. 

"Solute site investigati on of fas t diffusing 
Co in bcc-Zr". 
A. HEIMING, ILL, Grenoble. 

"Structure of aqueous e lectro lyte so lutions". 
G. NEILSO , ILL, Grenoble, and H.H. WILLS , Phys ics 
Laboratory , Univers ity of Bristo l. 

"Backscatte ring versus spin echo or recent coherent and 
incoherent experiments on the dynamics of the glass 
transition". 
W. PETRY , ILL, Grenoble. 

"Non-uniform quantum systems : the des irable, the 
observable and the doable". 
E. KROTSCHECK , Texas A and M University. USA. 

"Collecti ve excitations in dense mo lecul ar fluids" . 
F.J . BERMEJO, Instituto de Estructu ra de la Materi a, 
Madrid . 

"The vacancy defect state by positron annihil ati on and 
the structu ral models of quasicrystals". 
R. CHIDAMBARAM, Bhabha Atomic Research Centre, 
Trombay. India. 
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"Two- and three-body effects fro m neutron di ffrac ti on on 
argon at low densi ti es" . 
R. MAGLI , ILL Grenoble and Uni vers ity of Florence. Italy. 

"Dislocations in quasicrystals as a probe for elas ti city of 
phasons: pe1fec t structure versus random tiling". 
L. LEVlTOY, Landau Institute . Moscow. 

"Glass transition: characteri stic length and multiplicity". 
E. DONTH, Techn.ische Hochschule "Carl Shorlemmer" 

Leuna-Merseburg. 

" MR measurements on 3He-4He mi xture film s". 
R.B. HALLOCK, Uni versity of Massachusetts, Amherst. 
USA. 

"Random bond and random fi e ld di sorder in two­
dimensional orientational glasses". 
P.C. W. HOLDSWORTH , Ecole Normale Supe ri eure de 
Lyon. 

"Soft relaxations near the ferroe lectric phase transition in 
liquid crystal s". 
M. GLOGAROV A, Inst. Phys. Czechos lovak Acad. of 
Sc iences. 

"Neutron scattering studies on the g lass transiti on in 
polymers" . 
B. FRIC K, ILL, Grenoble. 

College 8 

Biology 
"Investigations of trypanosomal GAPDH crystal s u ing 

the Laue method : prospects for drug des ign". 
F.M.D. VELLIEUX, Laboratory of Chemica l Phys ics, State 

Uni ve rsity of Groningen. 

"Microassembl y of integral membrane proteins". 

J.L. POPOT, lnstitut de Biologie Physico-Chimique, Pari s. 

"The three-d imensional structure of ribosomal RNA and 

its implication for ribosomal fun ction ". 

R. BRIMACOMBE, M-P-1 for Molekulare Genetik , Berlin . 

"Crysta l morphology as a probe of molecular 

inte ractions" . 

Z. BERKOYITCH-YELLIN, Weizmann Institute Rehovot, 

Israel. 

"Structura l and kinetic characterization of intermediates 

in the folding of a multidomain oligomeric protein , the B-2 

subunit of E.coli tryptophan synthase". 

M. GOLDB ERG, Uni versite Pari s 7, lnstitut Pasteur, Pari s. 

"The structure of the complex tRNAASP/aspartyl-R A 

ynthetase from yea t". 

D. MORAS , £BMC, Strasbourg. 

"Crystal growth in gels. Application to the case of proteins". 

M.C. ROB ERT. Uni versite P. et M. Curie. Pari s. 



SEMINARS 

"Single stranded model of fibrin polymeri sation ". 
E.B. HU ZIKER, M .E. Muller lnstitut for Biomechanics. 
University of Berne. 

"Diffraction neutronique a haute et a basse resolution : 
erude de la liaison hydrogene et des interaction 
intermoleculaires". 
M .S. LEHMANN, ILL , Grenoble. 

"Structure and function of E. Coli Met-repressor : a new 
D A binding motive". 
S.E.Y. PHILLIPS, University of Leeds. 

"Mechanism of protein bio ynthesis : the allosteric three­
ite model for ribosomal elongation" . 

K.M . NJERHAUS, MPI fur Molekulare Genetik , Berlin . 

Three-dimensional structure of plant light-harvesting 
complex by electron crystallography" . 
W. KUHLBRA OT, EMBL. Heidelberg. 

College 9 

Chemistry 
"Perco lation proces induced by so lubizing cytochrome c 

in reverse micelles". 
M .P. PILE I , Universite P. et M. Curie, Pari s. 

"Amphiphilic Systems : diluted phases of fluid 
membranes" 
G. PORTE, G.D.P.C. - USTL - Montpellier. 

"Structure of upercooled D-glycero l under shear". 
H.J .M . HANLEY, National Institute of Standards and 
Technology (formely NBS) Boulder, Colorado, USA. 

"Polymeri sa tion tran ition in a monoatomic liquid : 
di ffraction and SA S study of liquid ul fur". 
R. BELLISSENT, Laboratoire Leon Brillouin , C.E. A., Sac lay. 

"Structure and growth of nitrogen films on graphite". 
H. TAUB, Uni versity of Mi souri -Columbia. 

"Neutron scattering and thermodynamic properti es of 
swollen pol ymer gels". 
E. GEISSLER, Laboratoire de Spectrometrie Phys ique, 
Univer ite Joseph Fourier, Grenoble. 

"Yiscoelasti city of dilute polymer solutions : internal 
viscosity, dynamic scaling, hear thinning, frequency­
dependent vi co ity and relaxation spectra" . 
Yitzhak RA BI . Weizmann Institute, Israel. 

"Polymeric micelles" . 
A lice GAST, Stanford University. 

"Tunnelling and reorientation studies by deuteron 
NMR". 
Zdzislaw T. LALOWICZ, Institute of uclear Phys ics, 
Krakow. 
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"Centered cluster halides of group three and four 

transition metal s. A versatile solid state chemistry" . 

J.D. CORBETT, Department of Chemistry, Iowa State 

Uni versity, A mes. Iowa. 

"Solid-state MR tud ie of molecular ieve catalysts" 

J. KU OWSKI, Department of Chem istry, Uni versity of 

Cambridge 

"Synthes is. structure and spectre copy of linear -chain 

complexes". 

R.J .H. CLARK, Dept. of Chemistry, Uni versity College 

London. 

"Neutron scattering studies of coordination compounds". 

Roderi ck D . CAN ON, School of Chemica l Sciences. 

University of East Anglia, Norwich, U.K. 

"Soft relaxations near the ferroelectric phase transition in 

liquid crystals". 

M . GLOGAROV A , Inst. Phys., Czecho lovak Acad. o f 

Sciences. 

Thursday colloquium 
"Quantum chaology of eigenvalues". 

M. BERRY, Uni versity of Bri stol. 

"Structura l slow ing down and kinetic glass transition". 

J.P. HA SE , Ecole Normale Superieure de Lyon. 

" uclear order in copper : new type of 

antiferromagnetism in an ideal FCC system". 

A.S. OJ A, Helsinki Uni versity of Technology. 

"Experiments with separated o cillatory fie lds and 

hydrogen masers". 

. RAMSEY, Harvard Uni versity, Cambridge, Mass. 

"Flux pinning and creep in high temperature 

superconductors" 

P.H. KES, Leiden Uni versity. 

"Interl ayer pairing and e-ax is ver us ab-plane gap 

anisotropy in high Tc superconductors". 

R.A. KLEMM. Oak Ridge National Laboratory. 

"Atomic-sca le tip-induced electronic effects in scanning 

microscopes and fie ld emi ss ion" 

A. BARATOFF. IBM Z i.irich. 

Miscellaneous 
"Founding a high technology company; 

superconducti vity and a desk-top synchrotron ". 

Sir M artin WOOD, The Oxford Instrument Group pie , 

Oxford , U.K. (Joint Coll oquium ILL/ESRF). 



CONFERENCE 

Conference contributions 
ALPE D'HUEZ (I'), France: Complementary 
Applications of Diffraction by Neutron and Synchrotron 
Radiation. Satelli te Meeting of the XVth Congress of the 
International Union of Crystallography - 1990/07/30-08/2 

BARUCHEL J. Topography studies using neutrons and 
synchrotron radiat ion. (Invited Talk) 

BERGEVI F. DE, BRUNEL M., GALERA R.M., 
BA RUC HEL J. , VETTIER C., ELKAIM E., BESSIERE M., 
LEFEBV RE S. X-ray resonant scattering in ferromagnetic 
CoPt. (Poster) 

BROWN P.J ., NU EZ V .. TASSET F. Magnetic 
structure detem1ination using generali zed polarization 
analysis of neutrons. 

CHATTOPADHYA Y T., BROW P.J .. GRUEBEL G., 
AXE J.D., GIBBS D. Neutron and X-ray re onance 
magnetic scattering in EuAs3. 

AL SHT A, USSR: VIII International School on 
Neutron Physics - 1990/10 

ULBIG S., LIEB K.P., BOERNER H.G .. JOLIE J. , 
ROBI SO S.J. GRID lifetime spectroscopy of med ium 
mass nuclei.(lnvited Talk ) 

ASILOMA R, Ca, USA: 7. International Symposium on 
Capture Gamma-ray Spectroscopy and Related Topics -
1990/10/14-19 

HOYLER F. , FOEHL K., BOERNER H.G., KRUSCHE 
B., ROB INSON S. , SC HI LLEBEECKX P. Features of the 
level schemes of I 64- I 66Dy. (Poster) 

KESSLER E.G., DEWEY M.S .. GREENE G.L. , 
DESLATTES R .. D., BOERNER H.G. Precise absolute 
gamma-ray wavelength measurements. 

KLORA J. , BOERNER H.G. , VO EGIDY T. , HILLER 
H. , JUDGES ., KRUSCHE B. , LIBMA V.A. . LIND ER 
H. , LITV I SKY L.L. , MA YERHOFER U., MURZIN A.V., 
ROBI SON S.J. Nuclear structure investigations and 
lifetime measurements in l 56Gd. (Poster) 

ULBIG S., LIEB K.P. , BOER ER H.G. , ROBINSO 
S.J ., BOOTEN J.G.L. GRID- Lifetime measurements and 
hell model calculations in 59Ni. 

WHITE D.H., HOFF R.W., BOERNER H.G., COLV I 
G., HOYLER F. , SCHRECKE BACH K. Nuclear structure 
of 24 1 Pu from (n,y) and (n,e) reaction measurements. 

BERLIN, Deutschland: Vlllth International Congress 
of Virology - 1990/08/26-31 

BURNS N.R. , SAILBIL H., PEARL L. , PARDO J.F .. 
TIMMINS P.A. , RICHARDSON S.M.H ., ADAMS S.E., 
KINGS MAN A., Kl GSMA S.M. Structural analys is of 
Ty virus-like particles. 

CONTRIBUTIONS 
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BERLIN, Deutschland: Arbeitstreffen des Verbundes 
Forschung mit eutronen - 1990/10/1-3 

BRUECKEL T. Die Lad ungsdichtewelle in a-U. (Invited 
talk) 

GOBRECHT K.H . Versuch zur Beobachtung freier 
Neutron-Antineutron Oszillationen. (Poster) 

LIED A. EV Anescent wake diffractometer. (Poster) 

PETRY W. Phononen an martensi ti scher 
PhasenUbergangen. (Talk) 

STEINER T., SAENGER W. , LECHNER R.E. 
Dynamics of water molecules enclosed in the cav ity of beta­
cyclodextrin. A quasielastic neutron scattering study. (Poster) 

TRAMPE AU J., HEIMI GA .. PETRY W .. HERZIG 
C. Eine symmetriebrechende Phononenanomalie in ~-Zr b. 
(Poster) 

TRAMPENAU J., HEIMING A .. PETRY W .. 
GUETHOFF F., HERZIG C. Phononenkontrollierte 
Selbstdiffusion in Cr. (Poster) 

WEIRAUCH W .. KRUGER E., NISTLER W. 
Pr~iz isionsmessung von h/mn . 

BIELEFELD, Germany: Workshop on Coordination 
Polyhedra in Solid State Matter - 1990/10/1-6 

PA NETIER J. , RODR IGUEZ-CARVAJAL J. 
Prediction of crystal structures by simu lated anneal ing. 
(Po ter) 

BI VIERS, Grenoble, France: CARBON 90- Annual 
Meting of the "Groupe Fran1;ais d 'Eludes des Composes 
d'Insertion" - 1990/3/28 

GONDRAD M., RODR IGUEZ-CARVAJAL J .. 
STROBEL P. , PER ET M., BO ET B. Insertion du 
lithium dans gamma-Fe2O3. (Poster) 

PA ETIER J. Analyse des profils de diffraction de 
composes partiellement desordonnees par simulation 
numerique. 

PILLIERE H., GOLDMA M. , BEGUI F. Processus 
d' intercalation d'alcanes dans les graphitures de cesium. (Talk ) 

BORDEAUX, France: 15 Congress & General Assembly 
of the International nion of Crysta llography -
1990/7 /19-28 
(Abstracts in Acta Cryst. Supplement C) 

BARUCHEL J. , CHEVRIER J. , PEARCE A. Neutron 
topographic ex periments on chirality domains in 
helimagnetic crystals. (Poster) 

BEL TRAN D., SAPINA F., SA NCH IS M.J. , IBANEZ 
R .. BEL TRA A .. RODR IGUEZ-CARVAJALJ. Crystal 
and magnetic structures of Bi 2CuO4 and Li2CuO2. (Poster) 



CONFERENCE 

CALDES M.T. , NA VARRO J.M., FUERTES A .. 
FONTCUBERTA J. , MIRA YITLLES C., OBRADORS X, 
RODRIGUEZ-CARVAJAL J., VALLET-REGI M .. 
GO ZALES-CALBET J.M. Structural and phy ical 

propertie of Bi4SrgCu5O19+x· (Poter) 

CARLING S.G., DAY P., VISSER D. Crysta l and 
magnetic structures of layer phosphates. (Po ter) 

CHAILLOUT C. , BORDET P .. CHE A VAS J., 
CHEO G S.W. , FISK Z. , MCI TYRE G.J ., MAREZIO 
M., MOROS! B., SCHIRBER J .E. Phase separation and 
crystal structure of superconducting La2CuO4_0. (Poster) 

GA YARRI J.R., CAREL C., MONNEREAU 0 .. 
VACQUIER G., YETTIER C., HEWAT A.W. Simulations 
of structural evolutions at low-temperatures: High pressure 
compressibility coefficients, elastic constants and the 
Grueneisen parameters in high Tc uperconductors. 

HOWARD J.A.K .. WILSO C .. MACKE ZIEK .. 
JOH SO R.E. , MASONS.A. , WILSO C.C. Structural 
tudies of intra-molecular dyotropic isomers. 

Abstract P. C 18 1. (Poster) 

HOWARD J.A.K., LAPPERT M.F. , MASO S.A. Low 
valent molecular "agostic" complexes. Ab tract P. C237. 
(Po ter) 

KULDA J., BARUCHEL J., GUIGA Y J.P., 
SCHLE KER M. , TASSET F. Theory of recent extinction 
theories by polarized neutron diffraction on magnetic 
crystal . (Poster) 

LEHMA M.S .. MCI TYRE G.J., KUHS W.F. 
Three-dimensional display and analysis of ingle-crystal 
reflections in neutron diffraction. (Po ter) 

LE BAS G ., MASONS.A., RYSA EK ., 
TSOU CARIS G. eutron diffraction study of alpha­
cyclodextrin cyclopentanone clathrate at 20 K. Ho t guest 
interactive di order. Abstract P. C-169. (Poster) 

MCI TYRE G.J. , STEVE SO A.W. Three­
dimensional analysis of X-ray reflections from extended­
face single crystals. (Poster) 

MARMEGGI J.C., LA DER G.H., BRUECKEL T. , 
ZEYEN C.M.E., YON SMAALEN S. High resolution 
neutron scattering study of the structural phase tran itions in 
alpha uranium. (Poster) 

OLOVSSO I. , PT ASIEWICZ-BAK H .. MCI TYRE 
G.J. Superpos ition and polarization effect on the electron 
density. (Poster) 

PA ETIER J. eutron powder diffractometry. 

STEI ER T., MASO S.A., SAE GER W. , Geometry 
of the hydrogen bonding network in beta-cyclodextrin­
ethanol-octahydrate determined by neutron crystallography 
at T=295 K and T= 15 K. Abstract P. C- I 07. (Poster) 
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BOSTO , USA: MRS Fall Meeting - 1990/11/26-30 

PANNETIER J. Manganese dioxides: Structural model 
and in -s itu neutron powder diffraction investigation of 
electrochemical reduction and thermal annealing. 

BRAU SCHWEIG, Germany: 90 PTB Seminar: 
Fundamental Constants and Physical Units - 1990/10/5-16 

WEIRAUCH W .. KRUEGER E., ISTLER W. 
Determination of h/mn. (Poster) 

BRISTOL U.K: Neutron Scattering 1990 - 1990/9/11-12 

ALLMAN J.M .. RICHARDSON R.M., MCI TYRE 
G.J. A method for mea uring the orientational di tribution in 
liquid crystals . (Poster) 

BERNOEFf N.R. , ALLEN P.J. , PAUL D.M. , HAYDEN 
S .. TIMM! S P.A., LO ZARICH G.G . Small angle 
scattering at magnetic and superconducting phase 
transitions. 

COWLEY R.A., MCFORROW D.F. , JEHAN D.A., 
MCINTYRE G.J. Magnetic structure of holmium in an 
applied magnetic field. (Poster) 

TJMMI S P.A., HAUK J .. WELTE W. The influence 
of heptane- 1.2.3-triol on the size and shape of LDAO 
micelles. Implications for the crystallization of membrane 
proteins. 

CAEN, France: Ceramiques Supraconductrices a Haute 
Temperature Critique. 2emes Journees d' Etudes -
1990/10/6-7 

GAYARRI J.R. Anisotropie e lastique et coefficients de 
Gruenei en anormaux. (Poster) 

GA YARRI J.R. , CAREL C. , MO EREAU 0., 
YACQUIER G., VETTIER C., HEWAT A.W. Evolutions 
structurale et effets de pres ion dan des ceramiques 
supraconductrices. (Poster) 

COLD SPRI G HARBOR, USA: Molecular Biology of 
DNA Tumour Viruses Meeting 1990 - 1990/8/15-19 

RlZO C., BARGE A., RUTGROK R.W ., TIMMINS P. , 
CHROBOCZEK J. Human adenovirus serotype 3 fiber 
protein. 

COMO, ITALY: 11th I PAC Conference on Chemical 
Thermodynamics - 1990/8/26-31 

GAGO-PORT L.. RODRIGUEZ-CARVAJAL J. , 
GARCIA-RUIZ J.M. , SANTOS A. Kinetic of polymorphic 
phase transitions in ammonium nitrate. 



CONFERENCE 

COPENHAGE , Denmark: Scandinavian Structural 
Chemistry Meeting - 1990/01 

OLOVSSO I.. PTASI EWlCZ-BA K H., MCf TYRE 
G.J . Superposition and polari zation effects on the electron 
density of lone pairs. (Talk) 

DEUSTO, Spain: I Jornadas Sohre Tecnicas de 
Neutrones -1990/10/17-20 

GARCIA-MU OZ J .L. The metal-insulator transition in 
the RNiO3 famil y studied by neutron diffraction. 

SA DONIS J. Estudio mediante topografi a con 
neutrones de la coex istencia de fases y efectos de ex tincion 
en la hematita alpha-Fe2O3. 

DJERBA, Tunisie: Transphase-3, Colloque d'Expression 
Fran~aise sur les Transition de Phase - 1990/07 

PETRY W. Role des phonons dans Jes transitions 
martensitiques de la phase cubique centree de Ti , Zr et Hf. 
(Invited talk) 

GRE OBLE, France: Clips de Physique - 1990-11 

BALLOU R., LACROIX C., U EZ REGUEIRO M.D. 
lnstabilite de l 'antiferromagnetisme de bande dans les 
reseaux frustre . 

GRE OBLE, France: Workshop on Synchrotron 
Radiation Topography: Present Achievements and 
Propects ·at the ESRF - 1990/8/2-3 

SA DO IS J.. BAR CHEL J., SCHLE KER M . 
Variation of the shape of the interface between the heli and 
fe JTomagnetic phases in MnP as a function of the applied 
magnetic fi eld. 

HERAKLIO , Crete: International Discussion Meeting 
on Relaxation in Complex Systems - 1990/6 

FRICK B. Neutron scattering studies of the glass 
tran ·ition in polymers. 

JUELICH, Germany: Bunsenkolloquium iiber Atomare 
Aspekte der Diffusion in Festkorpern - 1990/10 

PETRY W. Korrelation zw ischen Di ffu ionsverhalten 
und Phononenerweichung. (Invited talk) 

KYOTO, Japan: Ultrahigh Resolution eutron 
Spectroscopy and Optics - 1990/03 

DR EX EL W . The new VC -UCN source at the ILL and 
first ex periments. (Invited talk) 
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LEUVEN, Belgium: 8. Meeting on mall Angle 
Scattering - 1990/08 

WAGNER W .. WI EDE MA NA., CHE W., 
SUNDERARARAMA M ., PETRY W. Microstructu ral 
characterization of nimonic Pe 16 after Cyclic loading- A 
study combining SA S and TEM. (Poster) 

LEUVEN, Belgium: lrst International Conference on f­
Elements (ICFE) - 1990/9 

DE ANDRES A ., FERNANDEZ-DIAZ M.T., 
MARTINEZ J.L. , RODRIGU EZ-CARVAJAL J. , SAEZ­
PUCH E R., FERNANDEZ F. Raman scattering study of 
Ln2NiO4 + 8 with Ln=La, Pr. d. (Poster) 

FER A DEZ F., SAEZ-P CHE R., FER A DEZ T.. 
RODRIG UEZ-CARVAJ A L J. , M ARTINEZ J.L., BOTTO 
I.L. , BARAN E.J. Low-temperature phase transition of the 
stoichiometric Ln2 iO4 ox ides. (Po ter) 

LISBOA, Portugal: 10th Conference of the Condensed 
Matter Division of the EPS - 1990/04/9-12 

FERNANDEZ-DIAZ T.. RODRIGUEZ-CARVAJ AL J., 
M ARTINEZ J.L. , FERN A DEZ F., SAEZ-PUCHE R. 
Structural and magnetic characteri zati on of rare earth 
nicke lates (R2 iO4+0). (Poster) 

LONDO , U.K: Localisation 90 - 1990/8 

CHALKER J.T. , BER HARDT M. The transfer matri x 
approach to localization. 

CHALKER J.T. , EASTMOND J. Localization and the 
integer quantum Hall effect. 

LO DO , U.K: 2nd Conference on Position-Sensitive 
Detectors - 1990/9/4-7 

GEL TE BORT P .. OED A. Recent results of pos ition 
sensitive gas counters with microstrip anode for neutron 
detection. (Talk) 

OED A., GEL TE BORT P., BUDTZ-JORGENSE C. 
Substratum and layout parameters for microstrip anodes in 
AgS detectors. 

LOS ALAMOS, USA: International Workhop on Cold 
Neutron Sources - 1990 

GOBRECHT K.H. ILL cold ources (Invited talk) 

LYO , France: European Physical Society. First Liquid 
Matter Conference - 1990/7/7-11 

BAFILE U., VERK ERK P., DE GRAAF L.A. , 
BAROCCI--11 F. , SUCK J.B .. MUTKA 1--1 .. eutron Brillouin 
scattering in high den ity argon gas and the onset of non­
hydrodyrn mic behaviour. 



CONFERENCE 

BAFILE U., VERKERK P. , DE GRAAF L.A. , 
BAROCCHI F. , SUCK J.B., MUTKA H.: . Density 
expansion of experimental dynamic structure factor in argon: 
The two-body tem1. 

EGELSTAFF P.A., SUCK J.B., MUTKA H., YOUDEN 
J.P.A .: eutron Brillouin scattering in dense gases. 

MAGLI R., FREDRIKZE H., CHIEUX P., BAROCCHI 
F. Three-body effects in the neutron structure factor 
of argon. 

MONTPELLIER, France: Journees de la Matiere 
Condensee. Societe Franc;aise de Physique - 1990/9/4-6 

U EZ REGUEIRO M.D., MEDI A G. Modele de 
tran fert de charge pour les upraconducteurs a haute Tc 
(Poster) 

NEW ORLEA S, Louisiana, USA: 40th Anniversary 
Meeting of the American Cry tallographic Association -
1990/4/8-13 

MCINTYRE G. LEHMAN M .S. Three-dimensional 
display and analy is of single-crystal reflections. (Talk) 

PARIS, France: CARBON 90. International Conference 
on Carbon - 1990 

PILLIERE H. , GOLDMANN M ., SEGUIN 
Intercalation process of alkanes in ces ium graphitides. P. 
104 (Talk) 

PARIS, CEN Saclay, France: RecA and Related Proteins 
- 1990/09/17-21 

DiCAPUA E., CUILLEL M., SCH ARR M., TlMMINS 
P.A., RUlGROK R.W.H. 
Induction of recA to LexA cleavage by non-DNA ligands. 

RUIGROK R.W.H ., TIMMINS P.A. , DICAPUA E. Salt­
induced changes in RecA. 

PARIS, CEN Saclay, France: Short Range Order in Ill 
Ordered Materials. Satellite Meeting of the 15th 
Congress of the International Union of Crystallography -
1990/7 

PETRY W. Dynamics of the glass transition. 

PONDORLY: Reunion Francophone des 
Cristallographes des Proteines - 1990/3 

PEBA Y-PEROULA E. Determination de la structure de 
la sous-unite SOS du ribosome de halobacterium maris­
mortui par diffraction neutronique. 
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REGENSBURG, Germany: DPG Frtihjahrstagung -
1990/03/25-30 

BRUECKEL T. Bestimmung magneti scher 
Austauschwechselwirkungen mit Hilfe von 
Neutronenbeugung. (Talk) 

FRICK B. , RITTER C Temperaturabhangigkeit des 
Nahordnungs- und des Unordnungsspectrums eines schnell 
und langsam abgeki.ihlten polymeren Glasses. (Poster) 

FRICK B. Diffusion von Wa er toff in YHx bei hohen 
Konzentrationen ( l ,7<=X<=2, I ). (Po ter) 

FRICK B. , FARAGO B., RICHTER D. 
Temperaturabh~ingigkeit des ichtergodizitatsparameters in 
der ahe der Glastemperatur. ( Poster) 

HEIMI GA., PETRY W., TRAMPE AU J. , HERZIG 
C., VOGL G. Gitterplatzunter uchung von schnell 
diffundierendem Co in bcc-Zr. (Talk) 

LOEWENHAUPT M ., HOFFMANN P. , 
CHATTOPADHYA Y T. , HARTWEG M. Unter uchung 
der Kri. tallfeldaufspaltung der niedersymmetri schen 
halbmetallischen Yerbindungen REPS. (Poster) 

MALETTA H., POERSCHKE E., CHATTOPADHYAY 
T., BROW P.J. 2 und 3-dimensionale Ordnung in 
ErBa2Cu3Ox (6<=x<=7). (Po ter) 

PETRY W. , BARTSCH E., FARAGO B., FUJARA F. , 
Kl EBEL M. , SILLESCU H. Dynamik von ortho-terphenyl 
unterhalb und oberhalb des Glasi.ibergangs. 

REICHENAUER G ., SOSNOWSKA 1., GRAETSCH 
H., !BELK., FRICK B. , BUCHENAU U. Niede1frequente 
Schwingungen in Edelopal. (Talk) 

RICHTER D., SCHAEFER D. , FARAGO B .. FRICK 
B. Dynamik von schwach verkni.ipften Netzwerken. (Talk) 

TRUMP R. , THIERFELDT S., CHATTOPADHYAY T .. 
LOEWEN HAUPT M. Magneti sche Struktur des 
Kondogitters CeCu2. (Poster) 

WOCH ERP. , PETRY W., PEI SL J. Untersuchung de 
Orientierungsi.ibergangs in (KBR) 1-x<KCN)x mit 
hochauflosender quasielasti scher Neutronenstreuung. (Talk) 

WAG ER W., PETRY W. Reaktionskinetik cler 
Entmi ·chung in verdi.innter CuCo-Legierung. (Talk) 

WAGNER W ., HAH H., AVERBACK R.S., 
WIEDE MA A ., PETRY W .. Charakteri ierung der 
Porositat nanokri stalliner Keramken mit Hilfe der 
Neutronen-Kleinwinkelstreuung. (Talk) 

RUTHERFORD, U.K: WO DSA 90. Neutron Data 
Scattering. Data Analysis - 1990/3/14-16 

PANNETIER J. Simulated annealing: An introductory 
rev iew. 



CONFERENCE CONTRIBUTIONS WORKSHOPS 

SA I DIEGO, Ca, USA: 35th Annual Conference on 
Magnetism and Magnetic Materials - 1990/10/29-11/1 

VISSER D., MCINTYRE G.J ., HARRISO A. 
Magnetic ordering in triangular anti fe n-omagnets: A neutron 
scattering study. (Talk) 

VISSER D .. CARLING S.G .. DA Y P. Magnetic 
structure of KMnPO4.H2O. (Talk) 

TRUMP R., THIERFELDT S .. LOEWE HAUPT M .. 
CHATTOPADY A Y T. M agnetic structure of the Kondo 
lattice compound CeCu2. (Poster) 

STRASBO RG, France: .Journees de Chimie, Alsace­
ui e - 1990/3 

HELM L.. COSSY C., POWELL D.H .. MERB ACH 
A.E. The hydration of lanthanide (Ill ) ions in aqueous 
solution: A neutron sca ttering first order difference 
study .(Poster) 

TO LOUSE, France: Powder Diffraction. Sat.ellite 
Meeting of the XVth Congress of the International Union 
of Crystallography - 1990/7/16-19 

ALCOB E X .. E TOP E., RODRIG EZ-CARV J LJ .. 
ALVA REZ ., LABRADOR M .. CAL VET T. A neu tron 
powder di ffraction study of the structure of deutera ted p­
diiodobenzene (C2D4I2) . (Poster) 

M EDA RDE M .. RODRIGUEZ-CARVAJALJ. The 
effect of y tematic errors and tructural complexi ty in 
Rietve lt refinements: A simulation study. 

PA ETI ER J. Recent developments in time-resolved 
powder di ffraction. 

RODRIG UEZ-CARVAJAL J. Fullprof: A program for 
Rietve ld refinement and pattern matching analys is. (Poster) 

TUTZING, Germany: 50 Years after Kramers -
1990/9/10-13 

WU ERGER A. uclear spin conversion of methyl groups. 

VA COUVER, Canada: International Biophysics 
ongress - 1990/07/27-08/8 

CHO8RO ZEK J .. CH TELLARD C., RIZO C. . 
BA RGE A.. TIMM! S P.A ., JACROT 8 . Adenov irus fiber 
expressed in E. oli. 

Z ERIC H, witzerland: ociete Suis e de 
Cri tallographie - Chemistry and Structure. A 

ymposium in Honour of Professor .J.D. D ITZ -
1990/3/14-15 

HOWARD J.A. K .. WILSON C., M ACKE ZIE K., 
JOH SO R.E .. M ASO S.A .. WILSO C.C. Structural 
studies of intramolecular dyotropic isomers. (Pos ter) 
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Workshops organized 
by the ILL in 1990 

ILL. Grenoble. France, September 17- 18. 1990. 
Workshop on eutron Optics. 
FAUDOU J.C. . MAGERL A .. RICHTER D. 

ILL, Grenoble, France, October 23. 1990. 
Industrial User 's Meeting on the Development of Industria l 

e of eutrons at the ILL. 
WRIGHT A. F. 

Workshops sponsored 
by the ILL in 1990 

Alpe cl ' Huez/Grenoble, France, Jul y 30-August I , I 990. 
Complementary Appli cations of Diffraction by Neutrons and 
X-Ray Synchrotron Radiation . International Satellite 
Conference of the IUCr XVth Congress and General 
Assembl y. (Abstracts. 90LE24T). 
LEHMA N M .S. , VETTI ER C. . HODEAU J.L. 

Aussois. France, September 17-2 1, 1990. 
International Workshop on Geometry and Interface ·. 
D 801 -VIOLETTE E., P S B. 

8ombanne . France. May 27-June 2, I 990. 
European Workshop on eut ron-. X-Ray- and L ight 
Scattering as an Investi gative Tool for Colloidal and 
Polymeric Systems. 
LI ONER P .. RIEKEL C.. WILLI AMS C.. COTTON J.P .. 
ZEM8 T. 

Exeter. U.K .. August 10- 14. 1990. 
Workshop on the Excitation. in 2-Dimensional and 3-
Dimensional Quantum Fluids. 
WYATT A.F.G., LAUTER H.J . 

Krem /Donau, Austria. September 24-26. 1990. 
Symposium on the Future Scientific Use of European 

eutron and Photon Sources. 
LAGGNER P. , NETZER F. , RAUCH H .. REITER W., 
SKALICKI P., VOGL G., WEI ZI ERL P., ZEILINGER A. 

Lyon, France, July 7-1 I. 1990. 
European Physica l Society First L iquid Matter Conference. 
BRATOS S., HANSE J.P. 
(Papers published in Special Issue of Journal of Phys ics C 
Supplement A , December 1990) 

Books or conferences 
published in 1990 

Trends in Colloid and Interface cience IV. Proceed ings 
of the Third ECIS Conference and ILL Workshop. Ba. el. 
Switzerland, September 19-22. 1989. 
ZU LAUF M .. LI D ERP., TERECH P. Eds. 
PROGRESS IN COLLOID AND POLYM ER SCIEN E 81 
(Steinkopff Verl ag, 1990) (ISSSN 0340-255 X). 

The Theory of Quantum Liquids. Vol. 2 : Superflui I 
Bose Liquids 

OZIERES P .. PI ES D. 
(Addison-Wes ley Pub!. Co .. 1990). (ISB 0-20 1-50063-9). 



THESES 

Theses 
CHENEVIER B. 

Etude des tran itions de pha e cri stalline et magnetiques 
dans Jes systeme Fe2P - Mn2P, MnRuA , MnRhAs et FeRhP. 
THESE, UNIVERSITE JOSEPH FOURIER DE 
GRE OBLE, OVEMBRE 1990. 

CHIBA E Y. 
A new magnetometer for the neutron EDM experiment. 
THESIS, UNIVERSITY OF SUSSEX, SEPTEMBER 1990 

COOK J.C. 
Quasi-elastic neutron scattering studies of hydrogen and 
deuterium diffusion in the systems ex:- bHx and ex'- bDx. 
THESIS, UNIVERSITY OF BIRMINGHAM, FEBRUARY 
1990. 

DEBUS 0 . 
Untersuchung der mikroskopi schcn Dynamik eines 
niedermolekularen Glassbildners mittel inkoharenter 
inelasti cher eutronenstreuung. 
DIPLOMARBEIT, JOHA NES GUTENBERG-
U IVERSITAT MAI Z, 1990. 

FAK B. 
Elementary excitations in liquid 3He and 3He/4He mixtures. 
DOCTORAL DISSERTATION, PPSALA UNIVERSITY. 
1990. 
(ACTA U IVERSITATIS UPSALIE SIS. 
COMPREHE SIVE SUMMARIES OF UPPSALA 
DISSERTATIO S FROM THE FACULTY OF 
SCIE CE 239). 

FA JAT . 
Etude des proprietes magnetiques statiques et dynamiques 
de M2Na3(PO4)3, M = Fe, Cr par diffusion de neutrons. 
THESE. I STITUT ATIONAL POLYTECHNIQUE DE 
GRENOBLE, NOVEMBRE 1990. 

GIESEN U. 
Zur Struktur superhelikaler und ringoffener D A in 
verdUnnter Ll:isung und im FIUs igkri stall. 
DISSERTATIO , U IVERSITAET KO STA Z. 
AUGUST 1990. 

HEIMI GA. 
Anomalous diffusion in bcc-Zr and bcc-ZrCo. A 
contribution to its understanding from neutron ·cattering. 
I AUGURAL DISSERTATIO , FRElE U IVERSITAET 
BERL! , DECEMBER 1989. 

KELLERSOH T. 
Zur trukrurchemie von festen Hydraten und Hydroxiden. 

eutronenbeugung. Rontgenographi che und 
Schwingungs pektroskopi che Unter uchungen an 
Halogenaten, Hydroxiden, Hydroxidhalogeniden und 
Halogeniden des Strontiums, Bariums und Bleis. 
DISSERTATION, UNIVERSITA.T­
GESAMTHOCHSCHULE-SIEGEN, 1990. 

LEHMANN M.S. 
Habilitation a diriger Jes recherches. 
HABILITATIO , UNIVERSITE JOSEPH FOURIER, 
GRE OBLE, JUILLET 1990. 
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LEMEE-CAILLEAU M.H. 
Etude, sous pression. de tran. itions de phase dans des 
cri taux moleculaire . Resultats par diffusion Raman en 
association avec la diffu. ion neutronique. 
THESE, U IVERSITE DE REN ES I , A VRlL 1989. 

LISS K.D. 
Unter. uchungen zur Verbe erung der Energieauflosung fUr 

eutronenrUck treu pektrometer unter Verwendung von 
ldealkristallen mit geringer dynami cher Breite der 
Reflex ion. kurve. 
DIPLOMARBEIT, TECH ISCHE UNIVERSITAET 
MUE CHE . JULI 1990. 

EUMA K.U . 
Untersuchung. chwerer Fennion Systeme mit Hilfe der 
spinpolarisierten Neutronenstreuung. 
DISSERTATIO , TECHNIS HE HOCHSCHULE 
AACHE , 1990. 

PRIEM T. 
Etude de l 'ordre a courte distance clans Jes carbures et 
nitrures non stoechiometriques de metaux de transition par 
diffu ion diffuse de neutrons. 
THESE, U IVERSITE PARIS- UD, 0 TOBRE 1988. 

RAZAFITIA AMA HARA VO A. 
Etude structurale du film pur de cyclohcxane physisorbe sur 
graphite. Etude thermodynamique et structurale du film 
mixte (krypton-cyclohexane) physisorbe sur graphite. 
THESE. IYERSITE DE A CY I, JUI 1989. 

REY M.J . 
Supraconducteurs a haute temperature critique : etude de 
nouveaux oxydes de structure derivee de la perovskite. 
THESE, I STITUT ATIONAL POLYTECH IQUE DE 
GRE OBLE, 1990. (Partly at ILL) 

STEI BINDER D. 
Neutronenstreuuntersuchungen zur Tunnel - und 
Diffusionsbewegung von Wasserstoff in den Metallen Niob 
und Vanadium. 
DISSERTATIO . TECH ISCHE HOCHSCHULE 
DARMSTADT, 1990. 



PUBLICATIONS 

Publications • Internal reports 
This list groups all publications resu lting from the research at the 
ILL during 1990. 
ILL Reports are listed first. They are followed by the list of 
publications in the sc ientific literature (journals, conference 
proceedings, books) with ILL authors and coauthors and by 
publications related to experimental work perfom1ed by visiting 
sc ientists at the lLL but without lLL author or coauthor. 

Internal Reports 
(Code number I to 99) (G = General Reports, 
T = Technical Reports) 

90BR0IT 
BROW P.J ., MATTHEWMAN J.C. 
The Cambridge crystallographic subrout ine library. Append ix A to 
the Mark 3 User's manual : Specifications of subroutines. 
TECH ICAL REPORT. 

90GR02G 
THREE-AXIS GROUP 
TAS (VS) User guide. 
GENERAL REPORT. 

90CA03G 
CASTETS C. 
1989 ILL experimental reports and theory college activities. 
GENERAL REPORT. 

90JA04T 
JANOT C.. BOERNER H.G., DAY P., DIANOUX A.J .. FAUDOU 
J.C., VETTIER C.. ZEYEN C.M.E. 
Second modernization programme. Working group · instruments' . 
Progress report (January 1990). 
TECHNICAL REPORT. 

90LA0ST 
LAUGIER J., ROLLAND G .. FLLHOL A. 
User·s manual for Orient Express (version I ) for IBM personal 
computer or compatibles. 
TECHNICAL REPORT. 

90GR06T 
GREEN K., KILYINGTON A.I. , SM ITH K.F .. PENDLEBURY 
J.M. , THOMPSO D. 
Some measurements on an ultra-cold neutron gas. 
TECHNICAL REPORT. 

90EB07T 
EBELING H. 
Das Neutronenschwerkraftspektrometer ESSLE am ILL. 
Grenoble. 
TECHNICAL REPORT. 

90AN08T 
A TONIADIS A., BERRUYER J .. FILHOL A. 
Maximum likelihood refinement of powder diffraction patterns. 
TECHNICAL REPORT. 

90BR09T 
BROCKER C. 
Swdie zum Graphitprojekt am ILL. 
TECHNICAL REPORT. 

I NTERNAL R EPORTS 

137 

90REIOT 
RENNIE A.R. , GHOSH R.E. 
DIS-ARRAY. A distributed computing so lution for SANS 
spectrum co lour display and analysis. 
TECHNICAL REPORT. 

90MOllG 
MORELL B. 
Co llaboration sc ientifique a l ' lnstitut Laue-Langevin de 1981 a 
1990. 
GENERAL REPORT 

90Ll12T 
LINDNER P .. FOUBERT J. 
Power_check. A program for graphical display and printout of HFR 
power record. 
TECHNICAL REPORT. 

90CA13T 
CA BAU E .. ANTON IADIS A .. FILHOL A. 
Al gorithme d 'a lTinement de profils avec separation des parametres 
a comportements lineaires et non-linea ire . 
TECHNICAL REPORT. (Suite de 89DR 14T) 

90ROJ4T 
ROBINSON S.J. , JOLIE J. 
The computer code Gridd le. 
TECHNICAL REPORT. 

90OL15T 
OLIVER R .. ROBINSON S.J .. VITTOZ P, VIVIER G. 
Methods of instrumental activation ana lysis at the ILL. 
TECHNICAL REPORT. 

90TA16T 
TASSET F. 
A report on polarised neutron techniques and the need for medium 
and short wavelength 3He-polarisers. Contribution to the 3eme 
Souffle Working Group 'Techniques ' . 
TECHNICAL REPORT. 

90Rl17T 
RIEUTORD F. 
INX - Program for time-of-flight data reduction. User's guide. 
TECHNICAL REPORT. 

90CA18T 
CACELLES A. 
Evaluation d"t111 detecteur de loca li sation courbe pour diffraction de 
poudres des rayons X . 
TECHNICAL REPORT. 

90AG19T 
AGERON P., ESCOFFIER A. , HAMELIN B., ROBERT A. 
A hot neutron source at very high remperature. 
TECHNICAL REPORT. 

90IC20T 
ICHEG. 
Mode l independent deconvolution of reso lution using max imum 
entropy and alternati ve methods. 
TECHNICAL REPORT. 

901L21T 
I STITUT LAUE-LA GEVI 
Five-year developmenr programme ( 1992- 1996). Troisieme 
souftle. 
TECH !CAL REPORT. 



90TH22T 
THOMPSO D. 

PUBLICATIONS 

The electric dipole moment of the neutron experimenl. A user's 
guide. 
TECH ICAL REPORT. 

90Ll23T 

at D 11. 

90LE24T 
LEHMANN M .S ., VETTIER C., HODEAU J.L. 
Complemenlary applications of diffraclion by nelllrons and by x­
ray synchrolron radiation. (Absuacts) 
TECH !CAL REPORT. 

90CH25T 
CHATTOPADHYAY T. 
X-ray re onance exchange scanering in EuAs3: A re earch report. 
TECH !CAL REPORT. 

90SC26T 
SCHAERPF 0., GAB RYS B. , PFEIFFER D.G. 
Short-range order in iso1actic, atactic and sulfona1ed polystyrene 
measured by polarized neutrons. 
TECH !CAL REPORT. 

90CH27T 
CHATTOPADHYA Y T .. GRUEBEL G., REBELSKY L.. 
GIBBS D. 

X-ray re onance magnetic caltering in Eu(A ·o.02Po.98>3· 
TECH ICAL REPORT. 

90LE28T 
LEJEUNE G., FILHOL A. 
Interfacing Pasca l and C with fortran. 
TECHNICAL REPORT. 

90GO29T 
GOMEZM. 
Projet d'informatisation du fonds do umentairc et de la gestion 
inleme d"une bibliotheque scientitique. 
TE H ICAL REPORT. 

Papers published in scientific periodicals, 
books and conference proceedings 
l - with ILL authors and coauthors 
(From code number 101) 

90HAIOL 
HA SE F.Y. , FRA K V.L.P .. TAUB H .. BRUCH L.W .. 
LAUTER H.J .. DE ISO J.R. 
Corrugation in lhe nitrogen-graphite potential probed by inela tic 
neutron ca11ering. 
PHYSIC L REVI EW LETTERS 64. 764-767 ( 1990). 

90LAL02 
LA TMA C.W .. M KNIGHT W.J .. RE IE A. R .. TASSf 
J.F .. MO ERIE L.. FETTERS L.J . 
SA S study of star block copolymers. 
MACROMOLECULES 23. 836-838 ( 1990). 

90BAI03 
BALDO-CEOLI M ., BE ETTi P., BITTER T .. BOBISUT F .. 
CALLIGARICH E.. DOLFINI R .. D BBERS D .. EI ERT F .. EL­
M ZEI IP .. GE O IM .. GIBI D .. GIGLI BERZOLARI A .. 

INTERNAL REPORTS 

138 

GOBRECHT K .. GUGLIELM I A .. KESSLER M., K INKEL U., 
KLEMT E .. LAVEDER M., LIPPERT W., MATTIOLI F., 
MA RI F .. MEZZETTO M., PIAZZOLI A .. P GLIERI G., 
RAPPOLD I A .. RASELLL G.L.. SCA ICCHIO D .. SCO ZA 
A. , VASCO M., VlSE TI L.. WER ERR. 
A new experimental limit on neu tron-ant ineutron transitions. 
PHYSICS LETTERS B 236. 95- 10 I ( 1990). 

90Rl1 04 
RICHTER D .. EWE B. 

eu1ron pin-echo investigations on the dynamics of polymer sys1ems. 
PROGRESS I COLLOID AND POLYMER SCIENCE 80, 53-62 
( 1989). 

90BE LOS 
BERMEJO F.J .. BATALLA F., E CISO E .. WHITE R.P .. 
DIA OUX A.J., HOWELLS W.S. 
Di ffusional dynamics of hydrogen-bonded liquid : methanol. 
JO R AL OF PHYSICS : CO DE SEO MA TIER 2. 
1301-13 14 ( 1990). 

90STL06 
STRAUCH D., DOR ER B. 
Phonon disper ion in GaAs. 
JO R AL OF PHYSICS : CO DE SEO MA TIER 2, 
1457- 1474 ( 1990). 

90HO I 07 
HOFF R.W .. DRISSI S., KER J., STRA SMA W .. 
BOER ER H.G .. SCHRECKE BACH K .. BARREAU G .. 
R HTER W.D .. MAN L.G .. WHITE D.H .. LA DRUM J.H .. 
DUPZYK R.J ., CASTE R.F .. KA E W.R., WARNER D.D. 

uclear tructure of238 p from neutron-capture and a-decay 
measurements. 
PHYSICAL REVIEW C 41. 484-5 12 ( 1990). 

90BO108 
BOCQUET J.P., BRISSOT R .. FAUST H.R., FOWLER M .. 
WILHELMY J .. ASGHAR M .. DJEBARA M . 
Characteristic. of mass and nuclear charge distributions 
of 229Th(nih• f). Implications for fission dynamics. 
ZElT CHRIFT F ER PHYSIK A 335. 4 1-48 (1990). 

90GOI09 
GOLDMA M .. PlLLIERE H., BEG I F. 
High lemperature phy. intercalation imo 1he 2nd stage CsC24. 
SYNTHETIC METALS 34. 59-65 ( 1989). 

90RO U0 
ROG ERIE J .. SIMO C., ROSEN MA I. . VETTIER C .. 
GODFRlN H .. SCHWEIZER J.. VA GELISTI R .. PERNOT P .. 
PERIG O A. 
Magnetism of CoCl2 imercalated in graphite studies by ela tic and 
inelastic neutron cattering. 
SY THETIC METALS 34.513-518 ( 1989). 

90 CHJ 
SCHAERPF 0 .. CAPELLMA 
A .. PASSI G H. 

H .. BR ECKEL T .. COMBERG 

Amplitude. wavevector and frequency dependence of magnelic 
fluctuations in YBa2Cu3O6+8· 
ZEITSCHRIFT FUER PHYSIK B 78. 345-359 ( 1990). 

90 Tll2 
STRAUCH D .. MA YER A.P., DOR ER B. 
Phonon eigenvectors in Si determined by inelastic neutron scattering. 
ZEITSCHRIFT F ER PHYSIK B 78. 405-4 10 ( 1990). 



90JA113 
JANOT C. 

P UBLICATIONS 

Quasicrys tal structu res . Progress in understanding. 
EUROPHYSICS NEWS 21. 23-26 ( 1990). 

90FO114 
FORGAN E. M .. PA UL D. MCK., MOOK H.A., TIMMI S P.A. , 
KELLER H .. SUTTO S .. ABELL J.S. 
Observation by neutron diffraction of the magnetic nux lallice in 
single-crys tal YBa2Cu3O7_0. 

AT RE 343. 735-737 ( 1990). 

90WU115 
WU ERGER A .. HUELLER A. 
Rotational 1um1elling: the width of the quasi-e lastic line. 
ZEITSCHRIFT FUER PHYSIK B 78, 479-484 ( 1990). 

90TRl16 
TRIFTSHAEUSER W .. KOEGEL G., SCHREC KENBACH K .. 
KRUSCHE B. 
The pulsed pos it ron beam in Munich and a high intense positron 
source at Grenoble. 
HEL VETICA PHYSICA ACT A 63. 378-383 ( 1990). 

90HUll7 
HUELLER A. 
Rotational tunnelling at finite temperatures: substitution by an 
equi valent ha1monic system. 
ZEITSCHRIFT FUER PHYSIK B 78. 125- 129 ( 1990). 

90FUI 18 
FURRER A .. GUEDEL H.U .. KR AUSZ E.R., BLANK H. 

eutron spectroscopy study of anisotropic exchange in the dimer 
compound Cs3Ho2 Br9. 
PHYSICAL REVI EW LETTERS 64, 68-7 1 ( 1990). 

90COl I9 
COOK J.C .. RICHTER D., SCHAERPF 0 ., BENHAM M.J ., 
ROSS D.K. . HEMPELMA R., ANDERSON l.S .. SI HA S. K. 
A study of tracer and collecti ve diffusional processes in a.' - bDo.7 
at 600 K using quasielastic neutron scauering with spin analys is. 
JOUR AL OF PHYSICS : CONDENSED MATTER 2. 79-94 
( 1990). 

90RO120 
RUPP R.A. , HEHMA N J., M ATULL R., IBEL K. 

eut ron diffrac tion from photoinduced gratings in a PMMA matrix. 
PHYSICAL REVIEW LETTERS 64. 301 -302 ( 1990). 

90VRl21 
VRTIS M .L., JORGE SE J.D .. Hl KS D.G. 
The structural phase transition in the RECu6 compounds (RE = La. 
Ce. Pr, d). 
JOURNAL OF SOLID STATE CHEMISTRY 84, 93- 101 ( 1990). 

90HOI22 
HOCK R., FUESS H., VOGT T .. BO ET M. 
Cry tallographic distort ion and magnetic structure of terbium iron 
garnet at low temperatures. 
JOUR ALOF SOLIDSTATE CHEMISTRY84,39-5 I ( 1990). 

90FR123 
FRICK B. 
Study of the glass transition of polybutadiene by neutron scattering. 
PROGRESS IN OLLOID AND POLYMER SCIE CE 80. 
164- 171 (1989). 

I NTERNAL R EPORTS 

139 

90BO124 
BORDET P., CAPPONI J.J.. CHA ILLOUT C .. CHENAYAS J.. 
GIORDANE GO B., GOD! HOM., HEWAT A.W., HEWAT 
E.A. . HODEA U J.L. , LEJA Y P .. MAREZIO M .. DE RANGO P .. 
SPIESER A.M .. SULPICE A., THOLE CE J.L.. TOUR IER R .. 
TRANQUI D. 

ew uperconducting ox ides in the Bi -Sr-Ca-Cu-O system: 
magnetic measurements and structu ra l determination. 
JOUR AL DE PHYSIQUE. COLLOQUES 49, C8-2 I I I -C8-2 11 2 
( I 988). 

90KA125 
KA A YA T., KAJI K. , KITA M ARU R .. HIGGI S J.S .. 
FARAGO B. 
Dynamics of polyelectrolyte solutions by neutron spin echo: 
molecular weight dependence. 
MACROMOLECULES 22, 1356- 1359 ( 1989). 

90WUl26 
WULFF M., ERIKSSO 0 .. JOHANSSO B .. LEBECH B., 
BROOKS M.S.S., LA NDER G.H .. REBIZANT J.. SPLRLET J.C .. 
BROW P.J . 
Experimem and theory of actinide inte,metallic magnetism: a test 

case of pC02. 
EUROPHYSICS LETTERS 11 , 269-274 ( 1990). 

90RO127 
RODRIGUEZ-CARVAJAL J.. FER AN DEZ-DIAZ M.T.. 
MARTINEZ J.L. , FERNANDEZ F .. SAEZ-PUCHE R. 
Structural phase transitions and three-dimensional magnetic 
ordering in the d2 iO4 ox ide. 
EUROPHYSICS LETTERS 11. 26 1-26 ( 1990). 

90Wil28 
WI TERR .. PILGRIM W.C., EGELSTAFF P.A .. CHIEUX P .. 
A L AUF S., HE SELF. 
Neutron scauering study on amorphous sulphur. 
EUROPHYSICS LETTERS 11. 225-228 ( 1990). 

90D 129 
DUBBER D .. MAMPE W., DOEHNER J. 
Determination of the weak-coupling constants from free-neutron 
decay experiments. 
EUROPHYSICS LETTERS 11 , 195-200 ( 1990). 

90 1130 
SIMO C .. ROSEN MAN I., BAT ALLAN F .. ROGERIE J., 
LEGRA D J.F., MAGERL A ., LARTIGUE C. , FUZELLIER H. 
Measurement of defect mobility in a defect-mediated melting. 
PHYSICAL REVIEW B 41 , 2390-2397 ( 1990). 

90SE131 
SEVERING A. , MURAN! A .P., THOMPSON J.D., FISK Z .. 
LOONG C.K. 

eutron scallering experiments on YbXCu4 and ErXCu4 (X = Au, 
Pd, Ag). 
PHYSICAL REV LEW B 41. 1739- 1749 ( 1990). 

90BAl32 
BARTSCH E. , FUJARA F .. KlEBEL M .. SILLESCU H., PETRY W. 
Inelastic neutron cattering experiment on Yan der Waa ls glasses -
A test of recent microscopic theories of the glass transition. 
BERICHTE DER BU SENGESELLSCHAFT FUER 
PHYSIKALISCHE CHEMIE 93, 1252- 1259 ( 1989). 



PUBLICATIONS 

90JA133 
JANOT C., BOISSIEU M. DE, DUBOIS J.M. 
The structure of quasicrystals : advantages and limits of a neutron 
diffraction approach. 
[N "QUASICRYSTALS', M.V. JARIC, S. LUNDQVIST EDS. 
(WORLD SClENTJFlC, 1990), 34-59. 

90JA134 
BOISSLEU M. DE. JANOT C. , DUBOIS J.M ., AUDIER M .. 
JARIC M., DUBOST B. 
About atomic structure of the A ILiCu icosahedral phase. 
LN 'QUASlCRYSTALS ', M.V. JARIC, S. LU DQVIST EDS 
(WORLD SCLENTlFIC, 1990), 109-129. 

90LLJ35 
LLOYD R.G., MITCHELL P.W. 
Spin dynamics in the singlet-singlet ground state magnet 
LiTbx Y l -xF4; a neutron scattering study. 
JOUR AL OF PHYSICS : CO DENSED MATTER 2, 
2383-2396 ( 1990). 

90LU136 
LUTZ H.D .. KELLERSOH T. , VOGT T. 
Hydrogen bonding in barium hydroxide trihydrate by neutron 
diffraction. 
ACTA CRYSTALLOGRAPHICA C 46, 36 1-363 ( 1990). 

90CH137 
CHARVOLIN J. 
Lyotropic liquid crystals, structures and phase transitions. 
IN 'PHASE TRANSITIONS LN SOFT CO DE SEO MATTER. , 
T. RISTE, D. SHERRINGTO EDS. (NATO ASI SERIES, 
SERIES B. PHYSICS, VOL. 211) (PLEN UM PRESS. 1989), 
95-111. 

90Rl138 
RICHTER D., FARAGO B., FETTERS L.J. , HUANG J.S., EWEN 
B .. LARTIGUE C. 
Direct microscopic observation of the entanglement distance in a 
polymer melt. 
PHYSICAL REVIEW LETTERS 64, 1389-1392 ( 1990). 

90MA139 
MALETTA H .. POERSCHKE E., CHATTOPADHYAY T .. 
BROW P.J. 
2-D and 3-D magnetic ordering of Er in ErBa2Cu3Ox(6~x~7). 
PHYSICA C 166, 9- 14 ( I 990). 

90PA140 
PAULUS E.F., YEHIA I. , FUESS H .. RODRIGUEZ-CARVAJAL 
J., VOGT T., STROEBEL J., KLAUDA M., SAEMA 
ISCHE KOG. 
Crystal structure refinement of Nd2-xCexCuO4 (x=0.05-0.30) 
by x-ray (295 K) and neutron ( 1.5 K) powder diffraction. 
SOLID STATE COMMUNlCATIONS 73, 791-795 (1990). 

90CH141 
CHAPUT F., BOILOT J.P., DAUGER A. , DEVREUX F. , 
GEYER A. DE 
Self similarity of al umino-si lica te aerogels. 
JOUR AL OF NON-CRYSTALLINE SOLIDS 116. 133-139 
( 1990). 

90BO142 
BODENSTELNER T. , MORKEL C., MUELLER P., 
GLAESER W. 
Collective modes in liquid cesium near the melting point. 
JOURNAL OF NON-CRYSTALLINE SOLIDS 117/118, 
I 16- 119 ( 1990). 

INTERNAL REPORTS 

140 

90CA143 
CARINI G., CUTRONI M .. DIA OUX A.J., GALLI G .. 
NEEDHAM L.M. , ROSENBERG H.M. 
Inelastic neutron scattering in SeTe glasses. 
JOURNAL OF NON-CRY ST ALLINE SOLIDS 117/118, 
140-143 ( 1990). 

90BO144 
BOUCHER B., CHIEUX P. , SA QUER M., TOUR BOT R. 

Nuclear and magnetic medium range order in amorphous 

Tb65Cu35 and Er69_5Cu30_5 alloys. 
JOURNAL OF ON-CRYSTALLINE SOLIDS 117/118, 
191 - 194 (1990) . 

90ALl45 
AL-HAJRY A .. TITMAN J.M., WRIGHT M.S., COWLAM N., 
CONVERTP. 
Temperature variation of structure factor for molten Lil. 
JOURNAL OF O -CRYSTALLINE SOLIDS 117/118, 
623-626 ( 1990). 

90FO146 
FORSYTH J.B .. BROWN P.J. 
The spatial distribution of magnetisation density in Mn5Ge3. 
JOURNAL OF PHYSICS: CONDENSED MATTER 2. 
27 13-2720 ( 1990). 

90BO147 
BOISSlEU M. DE. JANOT C., DUBOIS J.M. 
Quasi-crystal structure : cold water on the Penrose tiling scheme. 
JOURNAL OF PHYSICS: CONDENSED MATTER 2. 
2499-25 17 ( 1990). 

90ENl48 
ENDERBY J.E., BARNES A.C. 
Liquid semiconductors. 
REPORTS O PROGRESS I PHYSICS 53. 85- 179 ( 1990). 

90AB149 
ABRIEL W. , REISDORF K. , PANNETIER J. 
Dehydration reactions of gypsum: A neutron and x-ray diffraction 

study. 
JOURNAL OF SOLID STATE CHEMISTRY 85, 23-30 ( 1990). 

90ECI50 
ECKERT J. , BLANK H., BAUTISTA M .T., MORRIS R.H. 
Dynamics of molecular hydrogen in the complex trans­

[Fe(ri2-H2)(H)(PPh2CH2CH2PPh2)2] BF 4 in the solid state as 
revealed by neutron-scattering experiments. 
INORGANIC CHEMISTRY 29, 747-750 ( 1990). 

90Hll5I 
HILFRICH K. , KOELKER W. , PETRY W .. SCHAERPF 0. , 
NEMBACH E. 
Rev ision of the Fe-Si-phase diagram: No B2-phase 

for7.6 at % ~CSi~ l0.2 at %. 
SCRIPTA METALLURGICA 24, 39-44 (1990) . 

90CV152 
CVIKL B., SCHREINER L.Y. , P[NTAR M.M. , PETERNELJ J., 

HEIDEMAN A. 
Inelastic neutron scattering study of H4 ground state tunneling 
splitting in solid NH4SnCl3. 
FIZIKA 21, SUPPLEMENT I. 135-138 ( 1989). 



PUBLICATIONS 

90KR153 
KRUEGER S., ZACCAI G., WLODA WER A., LANGOWSKI J., 
O ' DEA M., MAXWELL A., GELLERT M. 
Neutron and light-scattering studies of DNA gyrase and its 
complex with DNA. 
JOURNAL OF MOLECULAR BIOLOGY 211 , 211-220 ( 1990). 

90AM154 
AMADOR U., GARCIA-ALVARADO F., MORAN E., ALARIO­
FRANCO M.A., RODRIGUEZ-CARVAJAL J. 
A structural study of Ni-substituted Pb2Sr2 YCu3O8+0· 
PHY SICA C 165, 499-504 ( 1990). 

90RI155 
RICHTER D. 
Neutron spin echo investigations on the dynamics of polymers. 
MOLECULAR CRYSTALS AND LIQUID CRYSTALS 
BULLETIN 4, 121 (1989). 

90CA156 
CAVA R.J. , HEWAT A.W., HEWAT E.A. , BATLOGG B. , 
MAREZIO M., RABE K.M. , KRAJEWSKJ J.J., PECK W.F., 
RUPP L.W. 
Structural anomalies oxygen ordering and superconductiv ity in 
oxygen deficient Ba2 YCu3Ox. 
PHYSICA C 165, 419-433 (1990). 

90LA 157 
LAVAGNA M. 
Functional-integral approach to strongly correlated Fermi systems: 
quantum fluctuations beyond the Gutzwiller approximation. 
PHYSICAL REVIEW B 41, 142-148 (1990). 

90RO158 
RODRJGUEZ-CARVAJAL J., DOUCOT B. 
Generalized flux phases in the t-J model via a large-N slave-boson 
mean-field theory. 
EUROPHYSICS LETTERS 11 , 45 1-456 ( 1990). 

90J0159 
JOSWIG W., FUESS H. , MASONS.A. 
Neutron diffraction study of a one-layer monoclinic chlorite. 
CLAYS AND CLAY Ml ERALS 37, 5 11-514 (1989). 

90FI160 
FIGGIS B.N., FORSYTH J.B., KUCHARSKI E.S., REYNOLDS 
P.A., TASSET F. 
The magnetisation of [Fe(OD2)6]2+ in ammonium ferrous Tutton 
salt studied by polarized neutron diffraction - a canted paramagnet. 
PROCEEDl GS OF THE ROY AL SOCIETY OF LONDON 
A 428, 113-127 (1990) . 

90FO161 
FONTANA A., ROCCA F. , FONTANA M.P., ROSI B. , 
DlANOUX A.J. 
Low-frequency dynamics in superionic borate glasses by coupled 
Raman and inelastic neutron scattering. 
PHYSICAL REVIEW B 41, 3778-3785 ( 1990). 

90GU162 
GUILLAUME F., SOURISSEAU C. , DIANOUX A.J. 
Molecular motions of hydrocarbon chains (decylammonium, n­
nonadecane) in their dynamically disordered phases : an incoherent 
neutron scattering study. 
IN 'PHASE TRANSITIONS IN SOFT CONDENSED MATTER ', 
T. RISTE, D. SHERRINGTON EDS. NATO AST SERIES, 
SERIES B, PHYSICS 211 (PLENUM PRESS, l 989), 67-70. 

I NTERNAL R EPORTS 

141 

90IN163 
INABA A., CHIHARA H., MORRISO J.A. , BLANK H., 
HEIDEMANN A. , TOMKINSON J. 
Rotational states of NH; in KBr crystal. A complementary study 
by inelastic neutron scattering and calorimetric measurements. 
JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN 59, 
522-531 ( 1990). 

90DR164 
DREXELW. 
The new source of ultracold neutrons at the ILL. 
NEUTRON NEWS 1, 23-27 (1990). 

90GA165 
GARCIA-MUNOZ J.L. , RODRIGUEZ-CARVAJAL J., SAPINA 
F. , SANCHIS M.J. , IBANEZ R. , BELTRAN-PORTER D. 
Crystal and magnetic structures of Bi2CuO4. 
JOURNAL OF PHYSICS : CONDENSED MATTER 2, 
2205-2214 (1990). 

90Rl166 
RICHTER D., FARAGO B., FETTERS L.J., HUANG J.S., 
EWEN B. 
On the relation between structure and dynamics of star polymers in 
dilute sol ution. 
MACROMOLECULES 23, 1845-1856 (1990). 

90CH167 
CHATTOPADHYAYT. , BROWN P.J. 
Neutron-diffraction study of the pressure-temperature phase 
diagram of EuAs3. 
PHYSICAL REVIEW B 41, 4358-4367 ( 1990). 

90HE168 
HEWATA.W. 
Neutron powder diffraction and oxide superconductors. 
NEUTRON NEWS 1, 28-34 ( 1990). 

90KN169 
KNOPP G. , LOIDL A., KNORR K., PAWLAK L., DUCZMAL 
M., CASPARY R., GOTTWICK U., SPILLE H., STEGLICH F. , 
MURAN! A.P. 
Magnetic order in a Kondo lattice: a neutron cattering study of 
CeCu2Ge2. 
ZEITSCHRIFT FUER PHYSIK 77, 95-104 (1989). 

90WU170 
WUERGER A. 
Rotational tunneling of three coupled molecule . 
JOURNAL OF PHYSICS : CONDENSED MATTER 2, 
24 1 1-2420 ( 1990). 

90MA171 
MAMPEW. 
Lifetime success with 'stored' neutrons. 
PHYSICS WORLD 3, 41-44 (APRIL 1990). 

90GH172 
GHOSH R.E., RENNIE A.R. 
Can we justify conventional SANS data analysis ? 
INSTITUTE OF PHYSICS CONFERENCE SERIES N° 107, 
233-244 ( 1990). 

90PO173 
POPOT J.L. , ENGELMAN D.M. , GUREL 0 ., ZACCAI G. 
Tertiary structure of bacteriorhodopsin. Positions and orientations 
of helices A and B in the structural map determined by neutron 
diffraction. 
JOURNAL OF MOLECULAR BIOLOGY 210, 829-847 (1989). 



PUBLICATIONS 

90VO174 
VOGT T., PAULUS H. , FUESS H .. MUELLER G. 
The crystal structure of HAISi2O5 wi th a keatite-type framework. 
ZEJTSCHRJFf FUER KRISTALLOGRAPHIE 190. 7-18 ( 1990). 

90LE175 
LEGRAND J.F .. FRICK B .. MEURER B., SCHMIDT V.H., BEE 
M., LAJZEROWICZ J. 
Neutron scattering studies of the ferroelectric transi ti on in P(VDF­
TrFE) copolymers. 
FERROELECTRICS 109, 32 1-326 ( 1990). 

90CH176 
CHATTOPADHYAYT., ZEILI GERA., WACE OVSKY M .. 
WEBER H.W .. HYUN O.B .. FINNEMORE D.K. 
Search for magnetic ordering of Tm moments in TmBa2Cu3O7 _1) 
down to 90 mK. 
SOLID ST ATE COM MU ICA TIO S 73. 721-723 ( 1990). 

90PA177 
PATTERSO C., MCMORROW D.F. , GODFRI H .. CLAUSEN 
K. ., LEBECH B. 
Evidence for a magnon energy gap in the spin-slip phase of 
holmium. 
JOURNAL OF PHYSICS : CONDENSED MATTER 2. 
342 1-3425 ( I 990). 

90RA178 
RADHAKRISH A P. , FUJII H .. BROWN P.J .. DO JACH .. 
REICHARDT W .. SCHWEISS P. 
Magnetic and neutron diffracti on studies on (Co l -xMnx)2P. 
JOURNAL OF PHYSICS : CON DENSED MA TIER 2, 
3359-3368 ( 1990). 

90SM179 
SMITH K.F. , CRAMPIN N., PENDLEBURY J.M .. 
RICHARDSO D.J .. SHIERS D .. GREEN K., KILVI GTON 
A. I. , MOIR J., PROSPER H.B .. THOMPSON D., RAMSEY .F .. 
HECKEL B.R .. LAMOREAUX S.K .. AGERO P., MAMPE W .. 
STEYERLA. 
A search for the electric dipole moment of the neut ron. 
PHYSICS LETTERS B 234, 19 1- 196 ( 1990). 

90BR180 
BRUSETTI R .. DIANOUX A.J .. GOUGEON P., POTEL M .. 
BO JOUR E .. CALEMCZUK R. 
Phonon density of states of the quasi-one-dimensional 
molybdenum se len ides M2M05Se5 (M = TI. In, Rb. and vacancy): 
Evidence of Einstein-like M-atom modes in the superconducting 
compounds. 
PHYSICAL REVIEW B 41. 63 15-6320 ( 1990). 

90LA181 
LANDER G.H .. STIRLI G W.G., ROSSAT-MIGNOD J.M .. 
HAGE M .. VOGT 0 . 
Magnetic excitations in monodomain ferromagnetic uranium telluride. 
PHYSICAL REVIEW B 41 , 6899-6906 ( 1990). 

90RO182 
RODRIGUEZ-CARVAJAL J. 
Effect of topological exci tati ons in the two-dimensional quantum 
Heisenberg ant i ferromagnet. 
PHYSICAL REVlEW B 41 , 7326-7329 ( 1990). 

90MA183 
MACCHI F., DAUDI B .. LEGRAND J.F. 
Electron irradiation induced structural modifications in ferroelectric 

INTERNAL REPORTS 

142 

P(VDF-TrFe) copo lymers. 
UCL EAR I STRUME TS AND METHODS IN PHYSICS 

RESEARCH B 46, 324-329 ( 1990). 

90MAl84 
MACCHI F., DAUDI B .. HLLLAIRET J., LA ZIER J.. 
N'GOMA J.B., CA VAILLE J.Y ., LEGRA D J.F. 
Micromeehanical properties of electron irradiated PVDF-TrFE 
copolymers. 
NUCLEAR INSTRUMENTS AND METHODS IN PHYSICS 
RESEARCH B 46, 334-337 ( 1990). 

90DA185 
DAYP. 
Future molecular electronics. 
CHEMISTRY IN BRITAIN 26. 52-54 ( 1990). 

90Fll86 
FINK D .. !BELK .. GOPPELT P .. BIERSACK J.P .. WA G L.. 
BEHAR M. 
Ion beam induced carbon clusters in polymers. 

UCLEAR l STRUME TS A D METHODS IN PHYSICS 
RESEARCH B 46, 342-346 ( 1990). 

90AS187 
ASHDOWN S .. MARKOVIC I.. OTTEWILL R.H., LI ONER P., 
OBERTHUER R.C.. RE NIE A.R. 
Smal l-angle neu tron-scattering studies on ordered polymer colloid 
dispersions. 
LA GMUIR 6. 303-307 ( 1990). 

90MAl88 
MALLAH T.. HOLLIS C., BOTTS .. KURMOO M. , DAY P. , 
ALLA M .. FRIEND R.H. 
Crystal structures and physical properties of bis(ethy lenedithio)­
tetrathiaful va lene charge-transfer sa lts with FeX4- (X = Cl or Br) 
anions. 
JOURNAL OF THE CHEMICAL SOCIETY. DALTON 
TRA SACTIO S 859-865 ( 1990). 

90DE189 
DESSE P., D CRUIX A .. MAY R.P .. BLANQUET S. 
Low-reso lution structure of the tetrameric phenylalanyl -tR A 
synthetase from escherichia col i. A neutron small -angle scattering 
study of hybrids composed of protonated and deuterated protomer •. 
Appendix : Considerations on Stuhrmann plots of particles with 
two constituents of different scattering length dens ity. 
BIOCHEMISTRY 29. 3039-3046 ( 1990). 

90BRl90 
BROW P.J. , FORSYTH J.B .. HANSEN P.C. . LEASK M.J.M., 
WARD R.C.C. . WELLS M.R. 

eutron diffraction deterrnination of magnetic order in holmium 
tritluoride, HoF3. 
JOUR AL OF PHYSICS: CON DE SEO MATTER 2. 447 1-
4484 ( 1990). 

90BEl91 
BERMEJO F.J .. BATALLA F .. ENCISO E.. GARCIA­
HERNANDEZ M .. ALO SO J.A. . MARTI EZ J.L. 
Coherent inelastic neutron scattering response from liquid 
methanol. 
EUROPHYSICS LETTERS 12. 129- 134 ( 1990). 

90DA192 
DAMA Y P .. L ECLERCQ F .. CHIEUX P. 
Geometry of the ND3 group in a metallic Ca( D3)5 compound and 
in sol id and liquid deuteroammonia as measured by neutron 
scattering. 
PHYSICA L REVIEW B 41. 9676-9682 ( 1990). 



P UBLICATIONS 

90JAl93 
JA OT C. , GEORGE B .. BRUSO A. 
A rea l-time neutron reflectometry study of non-an·hcnius diffusion 
in Ni -T i mull ilayers. 
EUROPHYSICS LETTERS 12. 143- 148 ( 1990). 

90WI194 
WILK! SO C. 
Linear least-squares adjustment of B matrix elements and the 
prediction of reflection positions. 
JOURNAL OF A PPLIED CRYSTALLOGRAPHY 23. I 11 - 1 14 
( 1990). 

90REI95 
REY M.J .. DEHAUDT P , JOUBERT J. , HEWAT A.W. 
A structural distortion in the I23-superconductor isomorph 
LaBa2(Cu2 b)O3. 
PHYSICA C 167. 162-167 ( 1990). 

90BRl96 
BRA DR.A.. LE CAER G .. DUBOIS J.M .. HIPPERT F .. SAUER 
C.. PANNETIER J. 
The magnetic transition in Fe-substituted hexagonal ~-A l9SiM n3. 
JOURNAL OF PHYSICS: CO DE SEO MATIER 2. 3855-
3865 ( I 990). 

90POl97 
POWELL D.H.. E!LSON G.W. 
The concen tra ti on dependence of the Ni2+ hydration geometry in 
aqueous so lution. 
JOURNAL OF PHYSI CS: CONDENSED MA"ITER 2. 387 1-
3878 ( 1990). 

90BOI98 
BORDET P .. CAPPO I J.J .. HODEAU J.L.. MAREZIO M .. 
CAVA R.J .. HEWATA.W .. HEWAT E.A.. A TOROA. 
St ructural aspects of the oxygen stoichiometry in the 
superconducting series YBa2Cu3O7.d and 

Pb2Sr2Y 1-xCax u303+8· 
EUROPEAN JOURNAL OF SOLID STATE INORGA IC 
CHEMISTRY 27. 57-79 ( 1990). 

90CYl99 
CYROT M .. LAMBERT B , SOUBEYROUX J.L .. REY M.J ., 
DEHA DTP .. CYR OT-LACK MA N F .. FOURCAUDOT G .. 
BEILLE J .. THOLENCE J.L. 
Properties of a new perovskite oxyde Sr2 VO4. 
.JOURNAL OF SOLID STATE CHEMISTRY 85. 32 1-325 ( 1990). 

90PE200 
PEDLEY A.M ., HIGGINS J.S .. PEIFFER D.G .. RENNI E A.R. 
Thermodynamics of the aggregation phenomenon in associating 
po lymer so lution . 
MACROMOLECULES 23, 2494-2500 ( 1990). 

90GU201 
GUTMAN H .. LUZ Z. , WACHTEL E.J .. POUPKO R .. 
CHARVOLIN J. 
X-ray diffraction and deuterium N.M.R. of the lyomesophases or 
di potassium hexadecanedioate-water mixtures. 
LIQUID CRYSTALS 7, 335-35 1 (1990). 

90BE202 
BERNAS M .. ARMBR STER P .. BOCQUET J.P .. BRISSOT R .. 
FAUST H.R. , KOZHUHAROV C .. SIDA J.L. 
Beta-decay ha lf- li ves of neutron rich Cu and Ni isotopes produced 
by thermal fi ssion of 235u and 239pu_ 
ZEITSCHR IFT FUER PHYSIK A 336. 4 1-5 1 ( 1990). 

I NTERNAL R EPORTS 

143 

90SC203 
SCHAEFER D.W .. BR! KER C.J. , RICHTER D .. FARAGO B .. 
FRICK B. 
Dynamics or weakly connected solids : si lica aerogels. 
PHYSICAL REVIEW LETTERS 64. 23 I 6-23 I 9 ( I 990). 

90FA204 
FAK B .. G CKELSBERGER K. , KOERPER M .. SCHERM R .. 
DIA OUX A.J. 
Elementary exc itations in superfl uid 3He-4He mi xtu res : pressure 
and temperature dependence. 
PHYSICAL REVIEW B 41. 8732-8748 ( 1990). 

90MA205 
MAGGS A.C. , LEIBLER S. 
Adsorption and fluctuations of two-dimensional vesic les. 
EUROPHYSICS LETTERS 12. 19-24 ( 1990). 

90SC206 
SCHRAEDER T .. LOIDL A .. VOGT T. 
Phases and phase transitions in the mixed molecu lar system 
(NaCN) 1-x< KCNlx -
ZEITSCHRIFT FUER PHYSIK B 79, 423-430 ( 1990). 

90BR207 
BRUECK EL T.. HER ENKOV Y .. DOR ER B .. PLA KHTY 
V.P. , SM IRNOV O.P. 
Spin wave spectrum and exchange interacti ons in the 
anti ferromagnetic garnet Ca3Cr2Ge3O1 2 by inelas tic neutron 
scattering. 
ZEITSCHR IFT FUER PHYSIK B 79. 389-395 ( 1990). 

90LE208 
LE BAS G .. MASONS.A.. RYSAN EK N .. TSOUCARIS G. 
Detai led structure of an a cyc lodextrin-cyc lopentanone clathrate by 
neutron diffraction. 
I ·PROCEED! GS OF THE FOURTH INTERNATIO AL 
SYMPOSIUM ON CYCLODEXTR INS'. 0 . HUBER. J. SZEJTLI 
EDS. (KLUWER ACADEMIC PUBLISHERS. 1988). 243-246. 

90JI209 
JI DAL V.K .. KAL S J., PILSL H .. HOFFM A H .. 
LI DNER P. 
Dynam ic small -angle neutron scattering study of rod like micelles 
in a surfactan t solution. 
JOURNAL OF PHYSICAL CHEM ISTRY 94. 3129-3 138 ( 1990). 

90HO210 
HOYLER F .. JOLI E J., COLVIN G.G .. BOERNER H.G .. 
SCHRECKE BACH K .. VA !SACKER P., FETIWEIS P .. 
GOKTURK H., DEHAES J.C.. CASTE R.F., WAR ER D.D .. 
BR CE A.M. 
Spectroscopy of the odd-odd nucleus 76As and its supersymmetric 
description. 
NUCLEAR PHYSICS A 512. 189-2 16 ( 1990). 

90HA211 
HA YDE S.M .. AEPPLI G., MOOK H.A.. FISK Z .. CHEO G 
S.W., REM EI KA J.P .. ESPINOSA G.P .. COOPER A.S. 
High energy inelastic neut ron scattering from La2CuO4. 
PHYSICA B 163. 1-3 ( 1990). 

90RO2l2 
ROSSAT-MIGNOD J .. REGNAULT L.P., JURGENS M.J .. 
VETTIER C.. BURLET P .. HENRY J.Y .. LAPERTOT G. 
Neutron scattering sludy of YBa2Cu3O6+x single crystals. 
PHYSICA B 163. 4-8 ( 1990). 



PUBLICATIONS 

90ST213 
STEGLICH F., SPARN G., MOOG R., HORNS. , GRAUEL A. , 
LANG M., NOWAK M., LOLDL A., KRIMMEL A., KNORR K., 
MURANI A.P., TACHIKI M. 
Alloying-induced transition from local-moment to itinerant heavy 
fermion magneti m in Ce(Cu1-xNix)iGe2. 
PHYSICA B 163, 19-23 (1990). 

90MC214 
MCEWEN K.A. , STEIGENBERGER U., MARTINEZ J.L. , 
ABELL J.S. 
Magnetic excitations in single crystal U(Pd l -xPlx)3 . 
PHY SICA B 163, 371-374 ( 1990). 

90PI215 
PIERRE J., HAE P. , VETTIER ., PUJOLS. 
CelnCu2: short range correlations or imperfect magnetic order ? 
PHY SICA B 163, 463-466 ( 1990). 

90RE216 
REGNAULT L.P., JACOUD J.L., MIGNOT J.M. , ROSSAT­
MIGNOD J., VETTIER C., LEJA Y P., FLOUQUET J. 

eutron scattering study of magnetic fluctuations in 
Ce1-xLaxRu2Siz (x=0, x=0.2). 
PHYSICA B 163, 606-608 ( 1990). 

90SE217 
SEVERING A., MURAN! A.P. 
Inelastic magnetic neutron scattering on CePd3_xAgx (x=0, 0.15 , 
0.27 , 0.4, 1.0). 
PHYSICA B 163, 699-702 (1990). 

90MU218 
MURAN! A.P. , CURRAT R., SEVERING A. , RAPHEL R. 
Antiferromagnetic spin correlations in the Kondo lattice CeSnzln. 
PHYSICA B 163, 717-719 (1990). 

90BU219 
BUCKLEY A.M., BRAMWELL S.T., DAY P. 
Structural properties of transition metal pyroarsenates MzAszO7 
(M = Co, Mn, Ni). 
JOUR AL OF SOLID STATE CHEMISTRY 86, 1- 15 ( 1990). 

90HE220 
HEWAT A.W. , FISCHER P., KALDIS E. , KARPINSKI J., 
RUSIECKI S., JILEK E. 
High resolution neutron powder diffraction inve ·tigation of 
temperature and pressure effects on the structure of the high-Tc 
superconductor YzB~Cu7O15. 
PHYSICA C 167, 579-590 ( 1990). 

90GH221 
GHOSE S., HEWAT A.W ., PINKNEY M. 
A powder neutron diffraction study of magnetic phase transitions 
and spin frustration in ilvaite, a mixed-valence iron si licate 
showing a emiconductor-insulator transition. 
SOLID STATE COMMUNICATIO S 74, 413-4 18 ( 1990). 

90DU222 
DUBOIS J.M. , JANOT C. 
Structure and hidden symmetry in metallic glasses and 
quasicrystals. 
PHILOSOPHICAL MAGAZINE B 61 , 649-676 (1990). 

90MA223 
MAGERL A., HOLM C. 
Growth of Si9Ge I single crystals and their application in high-

INTERNAL R EPORTS 

144 

resolution neutron spectroscopy. 
NUCLEAR INSTRUMENTS AND METHODS IN PHYSICS 
RESEARCH A 290, 414-418 (1990). 

90BR224 
BROCKER C., BARUCHEL J. , PRATT C. , MAGERL A. 
lnfluence of electro discharge machining on the mosaicity of a 
beryllium single crystal. 

UCLEAR INSTRUMENTS AND METHODS I PHYSICS 
RESEARCH A 290, 303-307 ( 1990). 

90PA225 
PA YER A., SCHMALZ M., SCHOELLHORN R. , SCHLOEGL 
R., RITTER C. 
Anion valence band holes in the copper chalcogen spinels 

CuCr2X4. 
MATERIALS RESEARCH BULLETIN 25, 515-522 (1990). 

90LU226 
LUTZ H.D., COCKCROFT J.K., KUSKE P., SCH ElDER M. 

Polymorphism of the fast ionic conductor Li2M nBr4-neutron 
diffraction and differential scanning calorimetry. 
MATERIALS RESEARCH BULLETIN 25, 45 1-456 (1990). 

90MA227 
MARXREITER H. , BOYSEN H., FREY F. , SCHULZ H., 
VOGTT. 
The structure of the <l> 1-phase CaZr4O9 in calci um stabilized 
zirconia. 
MATERIALS RESEARCH BULLETIN 25 , 435-442 ( 1990). 

90Rl228 
RIEUTORD F. 
X-ray transmissivity measurements using dynamical diffraction 
under grazing-incidence conditions. 
ACTA CRYSTALLOGRAPHICA A 46, 526-534 (1990). 

90UW229 
UWAHA M., NOZIERES P. 
Crystal shapes viewed as mechanical equilibrium of steps. 
LN 'MORPHOLOGY A D GROWTH UNIT OF CRYSTALS', I. 
SUNAGAWA ED. (TERRA SCIENTIFIC PUBLISH] G 
COMPA Y, 1989), 17-35. 

90VA230 
VANDERWERFF J.C., ACKERSON B.J. , MAY R.P .. DE 
KRUIFC.G. 
Neutron scattering from dense colloidal dispersions at high shear 
rates : the deformation of the structure factor in the shear plane. 
PHYSICA A 165, 375-398 ( 1990). 

90KU231 
KURMOO M. , PRITCHARD K.L. , TALHAM D.R., DAY P. , 

STRI GER A.M. , HOWARDJ.A.K. 
Crystal structure and physical properties of a metallic charge­

transfer salt- (BEDT-TTF)zAg(C )z.HzO. 
ACTA CRYSTALLOGRAPHICA B 46, 348-354 ( 1990). 

90Rl232 
RICHARDSON R.M ., ALLMAN J.M. , MCINTYRE G.J. 

eutron scattering from mixtures of isotopically labelled 
molecules. A new method for determining the orientational 
distribution function in liquid crystals. 
LIQUID CRYSTALS 7, 701 -719 ( 1990). 



PUBLICATIONS 

90FR233 
FR ICK B., FARAGO B., RICHTER D. 
Temperature dependence of the nonergodicity parameter in 
polybutadiene in the neighborhood of the glass transition. 
PHYSICAL REVIEW LETTERS 64, 292 1-2924 ( 1990). 

90GR234 
GRAEFENSTEDT M., JUERGENS P. , KEYSER U., MUENNICH 
F., SCHREIBER F. , BALOG K., WINKELMANN T., FAUST 
H.R. , PFEIFFER B. 
Beta decay energies and nuclear masse of 148Ba, 148La and 
15Ipr. 

ZEITSCHRIFT FUER PHYSIK A 336, 247-252 ( 1990). 

90CH235 
CHARVOLIN J. 
Crystal of nuid films. 
CO TEMPORARY PHYSICS 31, 1- 17 ( 1990). 

90KE236 
KEARLEY G.J. , WHITE R.P., FORA O C., SLADE R.C.T. 
An analysis of the vibrational frequencies and amplitudes of the 

H50; ion in H4SiW 12040·6H20 (TSA·6H2O) and 
H3PW12O40·6H2O (TPA·6H2O). 
SPECTROCHIMICA ACTA 46A, 419-424 (1990). 

90ME237 
MEES UK L., WHITE R.P. , TEMPLETON B., JA YASOOR IYA 
U.A., CAN ON R.D. 

Valence local ization in triangular trimanganese (11 ,2111) complexes. 
INORGA IC CHEMISTRY 29, 2389-2392 ( 1990). 

90WE238 
WEISS E., CORBELi S. , COCKCROFT J.K., FITCH A. 

Structure determ ination of NaCD3 powders at 1.5 and 300 K by 
neutron and synchrotron-radiation diffraction. 

ANGEWANDTE CHEMIE. fNT. ED. ENGL. 29. 650-652 ( 1990). 

90WU239 
WUERGER A. , HEIDEMA A . 
Rotational tunnelling in (CH3)2SnCl2: a neutron scattering study. 
ZEITSCHRIFT FUER PHYSIK B 80, I 13- 11 8 ( 1990). 

90BR240 
BROW P.J., FIGGIS B.N., REYNOLDS P.A. 
Covalency in FeF2 from magnetisation density data and from ab 
initio theory. 
JOURNAL OF PHYSICS: CO DENSED MATTER 2, 
5297-5308 ( 1990). 

90BR241 
BROWN P.J ., FIGGIS B.N., REYNOLDS P.A. 
Covalency in NiF2 from magnetisation density data and from ab 
initio theory. 
JOURNAL OF PHYSICS: CO DENSED MATTER 2, 
5309-53 16 ( 1990). 

90BE242 
BEDA A.G., BUROV S.l., BONDARENKO L.N ., DANILYAN 
V ., GELTENBORT P.G., GOE NE WEIN F., KUZNETSOV 
V.L. , MARTEM ' YANOV A.N. , MOSTOVOII Y.A. , 
SCHRECKENBACH K. 
Parity-v iolating asymmetry in the resonance scattering of 7 .646 
MeV g-ray • from 56Fe(n,yo)57Fe by 205Tl nuclei. 
NUCLEAR PHYSICS A 513, 53-60 ( 1990). 

INTERNAL R EPORTS 

145 

90SA243 
SAPfNA F., RODRIGUEZ-CARVAJAL J. , SANCHIS M.J , 
IBANEZ R., BEL TRAN A., BEL TRAN D. 
Crystal and magnetic structure of Li2CuO2. 
SOLID STATE COMMUNICATIONS 74, 779-784 ( 1990). 

90MA244 
MARTEL P., FRANK V.L.P., HEN ION M. 
Dynamics of layered adenine molecules. 
PHYSICAL REVIEW A 41 , 7006-7012 (1990). 

90Gl 245 
Gl GRAS M.J.P., HOLDSWORTH P.C.W .. BERGERSEN B. 
Monte Carlo study of induced bond orientational ordering in two­
dimensional liquid-crystal models. 
PHYSICAL REVIEW A 41, 6786-6795 ( 1990). 

90SO246 
SOUBEYROUX J.L., DEVALETTE M., KHACHA I ., 
HAGENMULLER P. 
Etude par diffraction neutronique de la phase 
Bi J2[Bi ;~5 V ;~5 □0.20)020 de structure sillenite. 
JOURNAL OF SOLID STATE CHEMISTRY 86, 59-63 ( 1990). 

90MA247 
MAMPE W. 
Search for the electric dipole moment of the neutron. 
ANN ALES DE PHYSIQUE. COLLOQUES 15, COLLOQUE 
N° 2, 5 1-61 ( 1990). 

90EG248 
EGAMI ST., TOBY B.H., DMOWSKI W., JA OT C., 
JORGENSEN J.D. 
Real space method of powder diffraction for non-periodic and 
nearly periodic materials. 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEEDf GS 166, 75-80 ( 1990). 

90PE249 
PETRY W., HEfMING A., TRAMPE AU J. 
Phonons at martensitic phase transitions of bee-Ti , bcc-Zr 
and bcc-Hf. 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEEDINGS 166, 161 -173 ( 1990). 

90CE250 
CERRI A. , SCHOENFELD B., KOSTORZ G., WRIGHT A.F. 
In-beam small-angle scattering stud ies of phase separation in Ni-Ti 
single crystals. 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEEDINGS 166, 267-272 (1990). 

90SC251 
SCHAEFER D.W., RICHTER D., FARAGO B., BRINKER C.J., 
ASHLEY C.S. , OLIVIER B.J ., SEEGER P. 
Dynamics of weakly connected solids: sintering of polymeric 
aerogels. 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEEDINGS 166, 355-360 ( 1990). 

90GO252 
GOFF J.P., HUTCHINGS M.T., BROWN K., HA YES W .. 
GODFRIN H. 
Diffuse neutron scattering from excess oxygen in UO2. I 3· 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEEDINGS 166, 373-377 ( 1990). 



P UBLICATIONS 

HUA G J.S. , FETTERS L.J. , RICHTER D., FARAGO B .. 
EWE B. 
Dynamics of star-branched polymers in solutions. 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEED! GS 166, 457-467 (1990). 

90SC254 
SCHOPOHL ., W AXMA D. 
Scattering of balli tic quasiparticle at the A-B phase boundary 
of uperfluid 3He. 
A IP CONFERE CE PROCEEDINGS 194. 55-62 ( 1989). 

9080255 
BO FAITG .. GODFR I H., CASTAI GB. 
Solid 4He: search for superfluidity. 
A IP CO FERENCE PROCEED I GS 1.94, 294-298 ( 1989). 

90AL256 
AL USTA K .. DOS H H., PEISL J. 
Observation of neutron truncation rod scattering. 
ZEITSCHRIFT FUER PHYSIK B 79. 409-414 ( 1990). 

90RO257 
ROBI NSON S.J. 
How reliable arc spins and d-valuc, derived from directional 
correlation expcrimcllls? 

UCLEAR INSTRUMENTS AND METHODS I PHYSICS 
RESEARCH A 292. 386-400 ( 1990). 

90CO258 
0 VERT P. , HO K R. , VOGT T. 

High-speed time-resolved crystallography with neutrons: 
a feasibili ty study. 

UCLEAR INSTRUMENTS AND METHODS I PHYSICS 
RESEARCH A 292. 731-733 ( 1990). 

90MI259 
MIREBEAU I. , HE 10 M .. DIANOUX A .J.. CA IG AERT 
V .. MOORJA I K. 
Spin glass freezing and superconductivity in YBa2(Cuo_94Feo.06l3O7. 
JOURNAL OF APPLIED PHYSIC 67. 452 1-4523 ( 1990). 

90PA260 
PA ETlER J.. BASSAS-ALSI A J.. RODRIGUEZ-
CARVAJAL J.. CAIG AERTV. 
Prediction of crysta l structures from crysta l chem istry rules by 
simulated annealing. 
NATURE 346. 343-345 ( 1990). 

90GI26J 
GIG OUX D .. SCHMITT D .. BAUER E .. MURAN I A. P. 
Inelastic neutron sca11ering in some hexagonal cerium compounds. 
JOUR AL OF MAG ETISM A D MAG ETIC MATERIALS 
88. 63-70 ( 1990). 

90ST262 
TOEHLKER .. BLOE IGEN A .. LIPPERT W .. 

WOLLNIK H. 
Qp-mea,uremelll~ of indium. tin and an timony isotopes with 
masses A = 128 and 130. 
ZEITSCHRIFT FUER PHYSIK 336. 369-374 ( 1990). 

90SC263 
SCHAERPF 0., CAPELLMA H. 
Structura l and magnet ic investigations of a La2CuO4 single crystal 
wi th polarization analysis. 
ZEITSCHRI FT FUER PHYSIK B 80. 253-262 ( 1990). 

I NTERNAL R EPORTS 

146 

90DO264 
DONG .. DUBOIS J.M., BOISSIEU M. DE. JA OT C. 

cu tron diffraction study of the peritectic growth of the 
A l65Cu20Fe 15 icosahedral quasi-crystal. 
JOURNAL OF PHYSICS: CONDENSED MATIER 2. 
6339-6360 ( 1990). 

90TH265 
THIERY D., WALZ L.. SCH ERI G H.G.V., 
CHATIOPADHYA Y T .. BROWN P.J .. WJRGE W .. FlSCHER 
K., MALETTA H. 

rys tal structure of aluminium containing superconducting oxides: 
sing le crystal study of GdBa2Cu3_xAlxO6.88 (x=0.28) and 
ErBa2 u3_yAlyO6.6 (y=0. 14). 
ZEITSCHRIFT FUER PHYSIK B 80. 177- 180 (1990). 

90KA266 
KAERTS E .. VA ASSCHE P.H.M .. KERR S.A.. HOYLER F .. 
BOERNER H.G .. CASTE R.F .. WARNER D.D. 
A stud y of the low-energy leve l structure of I65Dy. 

UCLEAR PHYSlK A 514. 173-224 ( 1990). 

90KA267 
K K RAI K .. STEINER M .. DOR ER B. 
Study of the spin wave linewid th in a 1-D easy-plane ferromagnet 
using neutron polari zati on ana lysis. 
EURO PHYSICS LETTERS 12. 653-659 ( 1990). 

90 A268 
A DRO R., BO CHIAT H .. MO OD P .. BROW P.J .. 
HU GR .. THOLE CE J.L. 

Long-range magnetic order in very dilute YEr alloys. 
PHYSICAL REV LEW B 42. 2325-2336 ( 1990). 

90PF269 
PFITZNER A., LUTZ H.D. , OCKCROFT J.K. 
Li2Zn l4: A neutron powder Sllldy. 
JOURNAL OF SOLID STATE CHEM ISTRY 87. 463-466 ( 1990). 

9008270 
OBRADORS X .. BASSAS J.. RODRIG UEZ-CARVAJAL J .. 
PA ETIER J.. LA BARTA A .. TEJADA J.. BERRY F.J. 
Shon-range anti ferromagnetic correlati ons in spin-glass-l ike iron 
antimonate of composit ion Fe bO4. 
JO R L OF PHYSICS : 0 DE SED MATIER 2. 
6801-6806 ( 1990). 

90PO271 
POLAK E .. MUNN J., BARNES P .. TARLI G S.E., RITTER C. 
Time-resolved neutron diffraction analyses of hyd rothermal 
syntheses using a novel autoc lave ce ll. 
JO R AL OF APPLI ED RYSTALLOGRAPHY 23, 
258-262 ( 1990). 

90 N272 
A TO IADIS A .. SERR YER J.. FILHOL A. 
Maximum-likel ihood methods in powder diffraction refinements. 
A TACRYSTALLOGRAPHICAA 46.692-7I1 (1990). 

908E273 
B RMEJO F.J.. BATALLA F., MARTINEZJ.L.. GARCI -
HER ANDEZ M ., ENCISO E. 

ollectivc exc itati ons in liquid methano l ,lllclied by coheren t 
inelastic neutron scatterin g. 
JO R AL OF PHYSICS : 0 DE SED MATTER 2. 6659-
6672 ( 1990). 



P UBLICATIONS 

90RA274 
RAZAFTTIA AM A HA RA YO A., CONVERT P. , COULOMB 
J.P .. CROSET B .. DUPO T-PA VLOYSKY . 
Structu ra l characterizati on of krypton phys isorption on (000 I ) 
graphite pre-plated with cyclohexane. 
JOURNAL DE PHYSIQUE 5 1. 196 1- 1969 ( 1990). 

90J U275 
JUDGE S.M .. KR SCHE B .. SCHRECK EN BACH K .. TSERTOS 
H .. KI E LE P. 
Search for long-li ved neu1ra l resonances in Bhabha scattering 
around 1.8 Me V /c2. 
PHYSICAL REVIEW LETTERS 65. 972-975 ( 1990). 

90DO276 
DOSTER W., CUSACK S .. PETRY W. 
Dynamic ins1abili1y of liquidlike motions in a globular pro1ein 
ob ·erved by inelastic neutron scattering. 
PHY ICAL REVIEW LETTERS 65, 1080- 1083 ( 1990). 

90VA277 
VACHER R .. COURTENS E.. CODDENS G .. HEIDEMAN A .. 
TS UJIM I Y .. PELOUS J .. FORET M. 
Crossovers in the densi ty of states of fractal si lica aerogels. 
PHYSICAL REV IEW LETTERS 65. 1008- 10 111 ( 1990). 

9018278 
IBEL K .. MAY R.P .. KfRSCHNER K .. SZADKOWSK I H .. 
M A CHER E .. LUNDA HL P. 
Protein-decorated micelle structu re of sodium-dodecyl-sul fate -
protein complexes as determined by neutron scattering. 
E ROPEA JOUR AL OF BIOCHEM ISTRY 190, 
3 11 -3 18 ( 1990). 

90WH279 
WHITE R.P .. WILSO L.M .. WILLIAM O D.J .. MOORE G.R .. 
JA YASOORIYA U.A .. CA O R.D. 
Electron transfer in a tri angular Fe2III Fell cluster: ev idence of 
va lence loca li za tion in solution. 

PECTROCHJM ICA ACTA A 46, 9 17-920 ( 1990). 

90H A280 
HASTI GS J.B .. SIDDO S D.P .. LEHM A M.S. 
Diffraction broadening and suppression of the inelas tic channel in 
resonant neutron scattering. 
PHYSICA L REVIEW LETTER 64. 2030-2033 ( I 990). 

908028 1 
BOLLE S.K., CHAI SA-ARD .. KARU E .. WHITE R.P .. 
CANNON R. D .. JA YASOORI YA U.A .. CARLI LE C.J .. 
ROBERTSON S.T .. STEIGENBERGER U .. TOMKINSON J. 

Methyl proton tunnelling in the ICr3O(OOCCH3)6(H2O)3 J+ ion : 
a neutron scattering study. 
SPECTROCHJM ICA ACTA A 46 , 9 11 -9 15 ( 1990). 

90RE282 
REN IE A.R .. LEE E.M .. SIMISTER E.A.. THOMAS R.K. 
Structure of a ca ti onic surfac tant layer at the ilica-water interface. 
LANGM Ul R 6. 1031- 1034 ( 1990). 

90W H283 
WH ITE R.P .. CHAI SA-ARD .. BOLLE S.K.. CA O R.D .. 
JAY ASOORIYA U.A .. ROB ERTSO S.T .. STEIGENBERGER 
U .. TOMKI SON J. 
Vi brati onal spectroscopy of oxo-centred trinuclear metal 
complexes: an inelastic neutron scattering study. 
SPECTROCHIMICA ACTA A 46. 903-9 10 ( 1990). 

I NTERNAL R EPORTS 

147 

90LU284 
L TZ H.D .. KELLERSOH N T .. YOGT T. 
Structural instability of the water molecu le in Sr(IO3)2. H2O. a 
neu tron di ffrac tion study. 
ACTACRYSTALLOGRAPHI AC 46.979-98 I ( 1990). 

90DA285 
DALFOYO F .. STRI GARI S. 
Surface ten ion of liquid 3He at low temperature. 
JOURNAL OF LOW TEMPERATURE PHYSICS 77. 
307-3 17 (1989). 

90PA286 
PAULUS H., FUESS H .. MUELLER G .. VOGT T. 
The crystal structure of P-quart z type HA ISi2O6· 
NEUE JAHRBUCH FUER Ml ERALOGIE. 
MO ATSHEFTE H.5. 232-240 ( 1990). 

90OT287 
OTTEWILL R.H ., RE IE A .R.. SCHOFIELD A. 
The effect of electric fields on nonaqueous dispersion . 
PROGRESS IN COLLOID A D POLYMER SCIE CE 81. 
1-5 ( 1990). 

90CH288 
CHARYOLI J. 
Crys tals of fluid films in systems of amphiphiles . 
PROGRESS IN COLLOID A ND POLYM ER SCIENCE 81. 
6-8 ( 1990). 

90RA289 
RADIMA S .. FOU TA IN L. E.. TOPRA KC IOGLU C. , 
VALLERA A . DE, CHIE X P. 
SA study of polymer-containi ng microcmulsions. 
PROGRESS I COLLOID A D POLYMER CIE CE 81. 
54-59 ( 1990). 

90FA290 
FARAGO B .. HUA G J.S .. RI HTER D .. SAFRA S.A. . 
MIL ER S.T. 
M icroemu l ion shape fl uctuation measured by neutron spi n echo. 
PROGRESS I COLLOID AND POL YMER SCIENCE 81 , 
60-63 ( 1990). 

90BA291 
BA MAN J .. HERTEL G .. HOFFM ANN H .. IBEL K., JINDAL 
Y.K .. KALUS J.. LI D ERP.. EU BAUER G .. PILSL H .. 
ULBRICHT W .. SCHM ELZER . 
Time-dependent smallangle neutron measurements of aligned 
micelles . 
PROGRESS IN COLLOID AND POLYMER SCIENCE 81 , 
I 00- 106 ( 1990). 

90LI292 
LI ONER P., BEWERSDORFF H.W .. HEEN R .. SITTART P .. 
TH IEL H .. LANGOWSKI J .. OBERTHUER R.C. 
Drag-reducing surfactant olutions in laminar and turbulent flow 
inve ·tigated by . mal l-angle neutron scattering and light scattering. 
PROGRESS IN COLLOID A D POLYMER SCIENCE 81. 
I 07- 1 12 ( I 990). 

90JO293 
JOA !COT M .. WONG K. , MAQUET J.. CHEVALI ER Y .. 
PICHOT C .. GRAILLAT C.. LI DNER P .. RIOS L.. CA BANE B. 
Ordering of la1ex particles during fi lm formation. 
PROGRESS IN COLLOID A D POLYMER SCIENCE 81. 
175- 183 ( 1990). 



PUBLICATIONS 

90LE294 
LEE E.M., THOMAS R.K., RENNIE A.R. 
The specular reflection of neutrons from interfacial systems. 
PROGRESS IN COLLOlD AND POLYMER SCIENCE 81, 
203-208 (1990). 

90HJ295 
HJELM R.P. , THIY AGARAGAN P. , SIVIA D.S., LINDNER P., 
ALKAN H., SCHWAHN D. 
Small-angle neutron scattering from aqueous mixed colloids 
of lecithin and bile salt. 
PROGRESS IN COLLOID AND POLYMER SCIENCE 81, 
225-231 ( 1990). 

90BR296 
BRAGANZA L.F., CRAWFORD R.J., SMALLEY M.V., 
THOMASR.K. 
A study of the swelling of n-butylammonium vermiculite in water 
by neutron diffraction. 
PROGRESS IN COLLOID AND POLYMER SCIENCE 81, 
232-237 (I 990). 

90HA297 
HAEDICKE E., HAHN K., LEY G., STREIB J., LINDNER P. 
SANS studies on the distribution of surfactants in latex film s. 
PROGRESS IN COLLOID AND POLYMER SCIENCE 81, 
267 ( 1990). 

90TE298 
TERECH P. 
Surfactant aggregation in hydrocarbons solvent-induced structural 
variations in physical steroid gels. 
PROGRESS IN COLLOID AND POLYMER SCIENCE 81 , 
286 ( 1990). 

90CA299 
CANTU L., CORTI M., DEGIORGIO V., PIAZZA R., 
RENNIE A. 
Neutron scattering from ganglioside micelles. 
PROGRESS IN COLLOID AND POLYMER SCIENCE 76, 
2 16-220 ( I 988) . 

90BR300 
BRAMWELL S.T. 
Temperature dependence of the isotropic exchange constant. 
JOURNAL OF PHYSICS : CONDENSED MA TIER 2, 
7527-7536 (1990). 

90LE301 
LECLERCQ F., DAMA Y P., CHIEUX P. 
Neutron scattering investigation of the structure, phase stability, 
and rotational excitations in the compounds Ca(NH3)n and 
Ca(ND3)n as a function of composition (5~:56.5). 
JOURNAL OF PHYSICAL CHEMISTRY 94, 7300-7308 ( 1990). 

90CH302 
CHRISTENSEN A.N., HEWAT A.W. 
A crystal structure determination of PbSO3 from x-ray and neutron 
powder diffraction data. 
ACTA CHEMICAL SCANDINA VICA 44, 688-691 ( 1990). 

90MA303 
MARTINEZ G. , BARREAU G., SICRE A., DOAN T.P., 
AUDOUARD P., LEROUX B., ARAFA W., BRISSOT R., 
BOCQUET J.P., FAUST H.R., KOCZON P., MUTTERER M., 
GOENNENWEIN F. , ASGHAR M., QUADE U., RUDOLPH K., 
ENGELHARDT D. , PIASECKJ E. 

INTERNAL REPORTS 

148 

Mass and nuclear charge yields for 237Np(2nth,f} at different 
fi ssion fragment kinetic energies. 
NUCLEAR PHYSICS A 515, 433-465 ( 1990). 

90DE304 
DEROLLEZ P. , LEFEBVRE J., DESCAMPS M., PRESS W., 
FONTAINE H. 
Structure of succinonitrile in its plastic phase. 
JOURNAL OF PHYSICS : CONDENSED MA TIER 2, 
6893-6903 ( 1990). 

90AU305 
AUFFRET S. , PIERRE J., LAMBERT B., SOUBEYROUX J.L., 
CHROBOCZEK J.A. 
Crystallographic and magnetic structures of Er3Si5. 
PHYSICA B 162, 271 -280 ( 1990). 

90GR306 
GRANER F., BOWLEY R.M., NOZIERES P. 
The growth kinetics of 3He crystals. 
JOURNAL OF LOW TEMPERA TlJRE PHYSICS 80, 
113-133 (1990). 

90SC307 
SCHRAEDER T. , LOIDL A. , MCINTYRE G.J ., ZEYEN C.M.E. 
Single-crystal neutron-diffraction study of the orientational glass 
state of (NaCN)J_x(KCN)x-
PHYSICAL REVIEW B 42, 371 1-37 18 (I 990). 

90TH308 
THOMPSON D. 
The search for the electric dipole moment of the neutron . 
NUCLEAR PHYSICS B (PROC. SUPPL. ) 16, 385-386 ( 1990). 

90CU309 
CURRAT R., LEGRA D J.F., KAMBA S., PETZELT J., 
DVORAK V., ALBERS J. 
Inelastic neutron scattering study of the soft phonon branch in 
deuterated BCCD. 
SOLID ST ATE COMMUNlCATlONS 75, 545-549 ( 1990). 

90DU310 
DUBBERS D. 
Status of searches for neutron-antineutron oscillations. 
IN 'NINTH WORKSHOP ON GRAND UNIFICATIO ', R. 
BARLOUTAUD ED. (WORLD SCLENTIFTC, 1988), 59-66. 

90ZA311 
ZACCAI G. , EISENBERG H. 
Halophilic proteins and the influence of solvent on protein tabilization. 
TIBS 15, 333-337 ( 1990). 

90HE312 
HEWAT A.W., HEWAT E.A. , BORDET P., CAPPO I J.J ., 
CHAILLOUT C., CHENAVAS J., HODEAU J.L., MAREZIO M. 
Oxygen disorder, superstructure and the dependence of Tc on 
structure in oxide superconductors. 
PROGRESS IN HIGH TEMPERATURE 
SUPERCONDUCTIVITY 21, 24-35 ( 1990). 

90RO313 
ROSSAT-MlGNOD J., BOUCHERLE J.W. , BURLET P., HE RY 
J.Y., JURGENS M.J ., LAPERTOT G., REGNAULT L.P., 
SCHWEIZER J., TASSET F., VETIIER C. 
Neutron cattering study of YBa2Cu3O6+x· 
PROGRESS IN HIGH TEMPERATURE 
SUPERCONDUCTIVITY 21 , 74-85 (1990). 



PUBLICATIONS 

90Dl314 
DIA OUX A.J., CURRAT R., STROBEL P. , MONCEAU P. , 
CAPPONI J.J ., THOLE CE J.L. , FERNANDEZ-DIAZ M.T. 
Phonon density of states in YBa2Cu3( l-x)M3x07_0 and 
Pb2Sr2Ca( 1-x) Y xCu3O8-
PROGRES IN HIGH TEMPERATURE SUPERCO DUCTIVITY 
21, 305-3 17 ( 1990). 

90MA315 
MAGERL A. , SCHNEIDER J.R., ZULEH ER W. 
A neutron backscattering study of lattice deformations in silicon 
due to SiO2 precipitation. 
JOURNAL OF APPLIED PHYSICS 67, 533-539 ( 1990). 

90MA3l6 
MARJGNAN J., APPELL J ., BASSEREAU P., PORTE G. , 
MAY R.P. 
Local structures of the surfactant aggregates in dilute solutions 
deduced from small angle neutron scattering patterns. 
JOUR AL DE PHYSIQUE 50, 3553-3566 ( I 989). 

90FU317 
FUERTES A., OBRADORS X., A VARRO J.M. , GOMEZ­
ROMERO P., CASAN-PASTOR N., PEREZ F., FONTCUBERTA 
J., MlRAVTTLLES C. , RODRIG UEZ-CARVAJAL J. , 
MARTINEZ B. 
Oxygen exce sand superconductivity at 45 K in La2CaCu2O6+y· 
PHYSICA C 170, 153- 160 ( 1990). 

90A 318 
ANDERSON J.S ., BERK N.F. , RUS H J.J ., UDOVIC T.J ., 
BAR ES R.G. , MAGERL A., RICHTER D. 
Rapid low-temperature hopping of hydrogen in a pure metal: 
the ScHx system. 
PHYSICAL REVfEW LETTERS 65, 1439-1442 ( 1990). 

90LE319 
LEE E.M., THOMAS R.K., RENNIE A.R. 
Refl ection of neutrons from a polymer layer adsorbed at the quartz­
water interface. 
EUROPHYSICS LETTERS 13, 135- 141 (1990). 

90RO320 
RODRIGUEZ V., COUZI M., TRESSAUD A., GRA NEC J. , 
CHAMI ADE J.P. , SOUBEYROUX J.L. 
Structural phase transition in the ordered fluorides 
MllzrF6(M II = Co, Zn): I. Structural study. 
JOURNAL OF PHYSICS : CONDENSED MATTER 2, 
7373-7386 (1990). 

90GA321 
GARCIA-MUNOZ J.L. , RODRIGUEZ-CARVAJAL J. , 
OBRADORS X., VALLET-REGI M., GONZALEZ-CALBET J., 
GARCIA E. 
Ferromagnetic layers in Y 2Cu2O5: a neutron diffraction study. 
PHYSICS LETTERS A 149, 3 19-327 ( I 990). 

90DO322 
DORNER B., VISSER D. , STEINER M. 
Magnetic excitations and phase transition of CsFeBr3 in an ex te rnal 
magnetic field . 
ZEITSCHRIFT FUER PHYSIK B 81, 75-82 ( 1990). 

90PA323 
PAPADOPOULOS G., DENCHER N.A. , ZACCAI G., 
BUELDTG. 
Water molecules and exchangeable hydrogen ions at the ac tive 

INTERNAL REPORTS 

149 

centre of bacteriorhodopsin localized by neutron diffraction. 
Elements of the proton pathway ? 
JOURNAL OF MOLECULAR BIOLOGY 214, 15-19 ( 1990). 

90SA324 
SARKISSIAN B.V.B. 
Cluster dynamics in Au-15 % Fe alloy: neutron spin echo studie . 
JOURNAL OF PHYSICS: CONDE SEO MATTER 2, 
7873-7876 ( 1990). 

90MC325 
MCWHA D.S ., VETTIER C., ISAACS E.D., ICE G.E., 
SIDDONS D.P., HASTINGS J.B., PETERS C., VOGT 0. 
Magnetic x-ray-scatteri ng study of uranium arsenide. 
PHYSICAL REVIEW B 42 , 6007-6017 ( 1990). 

90JA326 
JAL J.F., MATHIEU C. , CHIEUX P., DUPUY J. 
Microscopic structure of the a lkali metal-alkali halide solutions in 
the metallic regime. A neutron-scattering investigation. 
PHILOSOPHICAL MAGAZINE B 62, 351-372 ( 1990). 

90LU327 
LUCAZEAU G., CHAHID A. , BOCQVET J.F. , DIA OUX A.J., 
ROBERTS M.P. 
Neutron scattering study of the reorientational motions of NH ; 
ions in NH4B (C6 H5)4 and NH4B(C6D5)4 crystals. 
PHYSICA B 164, 313-322 ( I 990). 

90DU328 
DUDLEY M. , BARUCH EL J., SHERWOOD J.N. 
Neutron topography as a tool for studying reactive organic crystals: 
a feasibility study. 
JOURNAL OF APPLIED CRYSTALLOGRAPHY 23, 
186-198 ( 1990). 

90L0329 
LOEWEN HAUPT M. , SOSNOWSKA I. , FRICK B. 
Ground-state multiplet of rare-earth 3+ ions in R2Fe 148 
investigated by inelastic neutron scattering. 
PHYSICAL REVIEW B 42, 3866-3876 ( I 990). 

90PA330 
PAUL D. MCK ., MOOK H.A. , BOATNER L.A. , SALES B.C. , 
RAMEY J.O., CUSSEN L. 
Magnetic ordering in the high-temperature superconductor 
Er8a2Cu3O7_0. 
PHYSICAL REVIEW B 39, 4291-4294 ( 1990). 

90MA331 
MARET M., POMME T ., PASTUREL A., CHLEUX P. 
Structure of liquid AI30Ni20 alloy. 
PHYSICAL REVIEW B 42, I 598- 1604 (1990). 

90Hl332 
HITCHCOCK P.B., HOWARD J .A.K ., LAPPERT M.F. , 
LEUNG W.P., MASO S.A. 
The fir t example of an intermolecular weak (agostic) y-methyl ­
metal interaction: the low temperature single crystal x-ray and 
neutron diffraction structure of (MgR2)00[R=CH(Si Me3)2l­
JOURNAL OF THE CHEMICAL SOCIETY. CHEMICAL 
COMMUNICATIONS 847-849 ( 1990). 

90GU333 
GUILLAUME F., SOURISSEAU C., DIANOUX A.J. 
Molecu lar motions of alky lenediammoni um chains in the layer­
type compounds (NH3-(CH2)n-NH3)MnCl4, n = 3, 4, 5: An 
incoherent neutron scattering study. 
JOURNAL OF PHYSICAL CHEMISTRY 94, 3438-3449 ( 1990). 



PUBLICATIONS 

90GU334 
G ILLAUME F. , SOURISSEAU C., DIA OUX A.J. 
Inelastic incoherent neutron scauering study of molecular motions 
of n-nonadecane in urea clathrate. 
JOURNAL OF CHEMICAL PHYSICS 93, 3536-354 1 ( 1990). 

90KR335 
KRUSCHE B. , SCHRECKENBACH K. 
lnten e po itron source by pair creation with neutron capture 
y-rays. 

UCLEAR I STRUME TS A D METHODS I PHYSICS 
RESEARCH A 295. 155-17 1 (1990). 

90GU336 
GUIGA Y J.P .. MIKULA P., HOCK R .. BARUCH EL J .. 
WAI TALA. 
Wavelength dependence of the reflectivity in neutron diffraction by 
perfect vibrating crystals. 
ACTA CRYSTALLOGRAPHICA A 46, 821-826 (1990). 

90LA337 
LANDER G.H., BROOKS M.S.S., LEBECH B., BROWN P.J., 
VOGT 0 .. MA TIE BERGER K. 
Measurement of giant magnetic anisotropy in a uranium compound. 
APPLIED PHYSICS LETTERS 57. 989-991 ( 1990). 

90PA338 
PAPPAS C .. LARTIGUE C.. ALBA M .. MEZEI F. 
Critical dynamis of AuFe reentrant ferromagnets close 10 the 
percolation threshold. 
PHYSICA B 165 & 166. 191-192 ( 1990). 

90HA339 
HAYDEN S.M .. PAULSE C.C. 
The low temperature magnetization of ZrZn2. 
PHYSICA B 165 & 166. 20 1-202 ( 1990). 

90LA340 
LAUTER H.J .. GODFRI H .. FRA K Y.L.P .. 
SCHILDBERG H.P. 
3He-layers on graphite. 
PHYSICA B 165 & 166. 597-598 ( 1990). 

90LA341 
LAUTER H.J .. FRA K Y.L.P .. TA B H .. LEIDERER P. 
Lattice dynamics of commensurate monolayers adsorbed on 
graphite. 
PHYSICA B 165 & 166, 611-612 (1990). 

90RE342 
RENKER B., GOMPF F .. ADELMANN P .. EWERT D., 
MUTKA H. 
Phonon spectra of HTc superconduc tors: a comparative inelastic 
neutron scartering study of the system 
(Y 1-xCax)(Ba2-yLay)Cu3O7_0. 
PHYSICA B 165 & 166. 1237- 123 (1990). 

90PI343 
PICARD C.. LAMOTHE D .. PI BOULE M .. OLIVER R.A. 
Magmatic and geotectonic evolution of a proterozoic oceanic basin 
system: the Cape Smith Thrust-Fold Belt ( ew-Quebec). 
PRECAMBRIAN RESEARCH 47. 223-249 (1990). 

90CH344 
CHATTOPADHYA Y T .. MCINTYRE G.J.. BROWN P.J .. 
FORSYTH J.B. 
Anisotropic spin correlations in CuO above the eel temperature. 
PHYSICA C 170. 37 1-374 ( I 990). 

INTERNAL REPORTS 

150 

90RO345 
RODRIGUEZ Y., COUZI M .. TRESSAUD A .. GRA EC J., 
CHAM! ADE J.P .. SOUBEYROUX J.L.. ECOLIYET C. 
Structural phase transition of the ordered fluoride CoZrF6. 
FERROELECTRICS 109, 39-44 ( 1990). 

90DU346 
DU ITS M.H.G .. MAY R.P .. DEKRUIF C.G. 
The internal structure of layered colloidal particles determined 
with SA S; 
JOUR AL OF APPLIED CRYSTALLOGRAPHY 23, 366-373 
( 1990). 

90MA347 
MAGERLA. 
Intercalate diffusion. 
SPRI GER SERIES I MATERIALS SCIE CE 14. 
221 -246 ( 1990). 

90VE348 
YETTIER C. 
Diffraction magnetique des rayons X. 
I ·RA YON EM ENT SY CHROTRO POLARISE. 
ELECTRO S POLARISES ET MAG ETISME'. E. 
BEAUREPAIRE. B. CARRIERE. J.P. KAPPLER EDS. (IPCMS. 
1990). 387-416. 

90Tl349 
TILLARD-CHARBON ELM .. BELIN C., SOUBEYROUX J.L. 
The lithium-gallium intcm1e1allic system: electrochemical and 
neutron powder diffraction study of the lithium deficient phase 
Li2Ga7. 
EUROPEA JOURNAL OF SOLID STATE INORGANIC 
CHEMISTRY 27. 759-769 ( 1990). 

90OT350 
OTTEWILL R.H .. REN IE A.R. 
Scattering studies on polymer col loids under shear. 
INTER ATIONAL JO RNAL OF MULTIPHASE FLOW 16. 
68 1-690 ( 1990). 

90BA351 
BARTHE M .. ALMAIRA R .. SA VAJOL J.L.. MORET J .. 
CURRAT R .. DIA O X A.J. 
Nonlinear excitations in chains of hydrogen-bonded molecules: 
incoherent neutron scattering in acctanilide and dcrivates. 
LECTURE OTES IN PHYSICS 353, 43-55 ( 1990). 

90SE352 
SEDDON J.M .. HOGA J.L.. WARRENDER N.A.. PEBAY­
PEYROULA E. 
Structural studies of phosphol ipid cubic phases. 
PROGRESS I COLLOID A D POLYMER SCIENCE 81. 
189-197 (1990). 

90GU353 
GUEDEL H. .. FURRER A .. BLA K H. 
Exchange interactions in ra.re-earth -metal dimers. Neutron 

spectroscopy of Cs3 Yb2Cl9 and Cs3 Yb2 Br9. 
INORGANIC CHEMISTRY 29. 4081-4084 ( I 990). 

90WU354 
WU ERGER A. 
Nuclear spin conversion of methyl groups. 
ZEITSCHRIFT FUER PHYSIK B 81. 273-279 (1990). 



PUBLICATIONS 

90BA355 
BAFILE U .. VERKERK P .. BAROCCHI F .. DE GRAAF LA .. 
SUCK J.B .. MUTKA H. 
Onset of departure from linearized hydrodynamic behavior in argon 
gas ~tudied with neutron Brillouin scallering. 
PHYSICAL REVIEW LETTERS 65. 2394-2397 ( 1990). 
(ERRATUM: PHYSICAL REVIEW LETTERS 65. 3458 1990). 

90M A356 
MADAR R .. HOUSSAY E .. ROUAULT A .. SENATEUR J.P .. 
LAMBERT B., MENEAU D 'ANTERROCHES C. . PIERRE J .. 
LABORDE 0 .. SOUBEYROUX J.L., PELI SS IER J. 
Low temperature phase separation in CeS i 1.86· 
JOURNAL OF MATERI A LS RESEARCH 5, 2126-2 132 ( 1990). 

90M E357 
MESOT J .. ALLE SPACH P .. STA BU .. FURRER A .. BLA K 
H .. M TKA H .. VETTIER C.. KALDIS E .. KARPI SKI J .. 
R SIECK! S. 
Pressure-induced structural and electronic properties of high-Tc 
superconducting materials studied by neutron scallering. 
JOURNAL OF THE LESS-COM MO METALS 164 & 165. 
59-69 ( 1990). 

90C H358 
CHRISTENSE A. .. A DERSEN E.K.. A DERSE I.G.K., 

M.S. 
X-ray powder diffraction study of layer compounds. 
The crystal structure of a-Ti(HPO4)2 ·H2O and a proposed 
structure for y-Ti( H2PO4)(PO4)·2H2O. 
ACTA CHEMICA SCA DINA V ICA 44. 865-872 ( 1990). 

90PE359 
PETRY W .. HEIM ! GA .. TRAMPE A J .. VOGL G. 
On the diffusion mechanism in the bee phase of the group 4 metals. 
DEFECTA DDIFFUS IO FORUM 66-69.157- 174(1989). 

90FJ360 
FJELLYAG H .. KAREN P .. KJ EKSHUS A .. ZIEBA A .. 
CHATTOPADHYAY T .. VETTIER C. 
Pressure induced transitions between para-. heli- and ferromagnetic 
phases of Mno.6 I Cro_39As studied by neutron diffraction. 
JOURNAL OF MAG ETISM A D MAGNETIC 
MATERI ALS 92. 75-79 ( 1990). 

90AL36 1 
ALONSO J.A.. AMADOR J.. M A RT INEZ J.L.. RAS INES I. . 
RODR IGUEZ-CARVAJAL J .. SAEZ-PUCHE R. 
Neutron di ffraction study of the magnetic struclllre of Er2BaNiO5. 
SOLID STATE COM MU ICATIO S 75. 467-474 ( 1990). 

90SC362 
CHIRMACHER W .. PREM M .. SUCK J.B .. HEIDEMA A. 

Anomalous diffusion of hydrogen in amorphous metals. 
EUROPHYSICS LETTERS 13. 523-529 ( 1990). 

90WO363 
WOLFERS P .. MIRAGLIA S .. FRUCHART D .. HIROSAWA S .. 

AGA WA M .. BARTOLOME J .. PA NETIER J. 
Low temperature crystal and magnetic structures of Ho2Fe14B. 
JOURNAL OF THE LESS-COM MO METALS 162. 
237-249 ( 1990). 

90VA364 
V ATIN-PER IG 0 
PALACIO E.P. 

.. GOEMANS P .. OLIVER R.A. . 

Evaluation of magmatic processes for the products of the 

INTERNAL REPORTS 

151 

evado-del-Ruiz Volcano. Colombia from geochemical and 
petrological data. 
JOURNAL OF VOLCA OLOGY A D GEOTHERMAL 
RESEARCH 41. 153- 176 ( 1990). 

90MA365 
MATHIEU C.. JAL J.F .. D P Y J.. S CK J.B .. CH lE X P. 

eutron Brillouin sca11ering and liquid metal-molten sail mixtures. 
IL UOVO Cl MENTO D 12. 673-684 ( 1990). 

90MA366 
MACCHI F .. DAUDIN B .. LEG RA D J.F. 
Effect of electron irrad iation on the ferroe lectric transition of 
P(VDF-TrFE) copolymers. 
FERROELECTRICS 109. 303-308 ( I 990). 

90LE367 
LEO ARD-BO RGA X C.. LEGRA D J.F .. OELZE E P .. 
LAJZEROWICZ J. 
Microstructural changes through the ferroelectric transition of 
P(VF2-TrFE) copolymers investigated using synchrotron radiation. 
FERROELECTRICS 109. 327-33 1 ( 1990). 

90LA368 
LAVAG AM. 
Slave-boson approaches 10 strongly correlated systems. 
HEL VET I CA PHYSICA ACTA 63. 310-322 ( 1990). 

901S369 
IS ARD 0 .. M IRAGLIA S .. SO BEYROUX J.L.. FR CHART 
D .. STERGIOU A. 

eut ron diffraction study of the structural and magnetic properties 
of the R2Fe 17Hx(Dx) ternary compounds (R = Ce. cl and Ho). 
JOUR AL OF THE LESS-COM MO METALS 162. 
273-284 ( 1990). 

90GL370 
GLAESER W. 

eu tron sca11ering and dynamics of simple I iquids. 
BERICHTE DER B SE GESELL CH AFT FUER 
PHYSIKALISCHE CHEMIE 94. 315-320 ( 1990). 

90DE371 
DEKRUIF C.G., VAN DER WERFF J.C .. JOHNSO S.J .. MAY R.P. 
Small -angle neut ron sca11ering of sheared concent ra ted dispersions: 
M icrostructure along principal flow axes. 
PHYS ICS OF FLU IDS A 2. 1545- 1556 ( I 990). 

90B R372 
BRAGA ZA L.F. , CRAWFORD R.J .. SMALLEY M.V.. 
THOMAS R.K. 
Swelling of n-butylammonium vermiculite in water. 
CLAYS A D CLAY Ml ERALS 38. 90-96 ( 1990). 

90BE373 
BERMEJO F.J.. MARTIN-MARERO D .. MARTINEZ J.L .. 
BATALLAN F .. GARCIA-HER A DEZ M .. MOMPEAN F.J . 
Observation of high frequency excitation~ in a molecular glass. 
PHYSICS LETTERS A 150. 201-206 ( 1990). 

90RE374 
REBOU ILLAT J.P .. FILLION G .. DIENY B .. CEBOLLADA A .. 
GALLEGO J.M .. MARTINEZ J.L. 
Magnetization processes ana lysis in Co-Cu superlattices. 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEED! GS 151. 117- 122 ( 1989). 



PUBLICATIONS 

90KE375 
KEARLEY G.J., TOMKINSON J. 
CLIMAX: A program for fo rce constan t refinement from inelast ic 
neutron spectra. 
rNSTITUTE OF PHYSICS CO FERENCE SERIES 107, 
245-252 ( 1990). 

9080376 
BOENl P., MARTINEZ J.L. , TRANQUADA J.M. 
Longitudinal spin fluctuations in nickel. 
JOURNAL OF APPLIED PHYS ICS 67, 5436-5438 ( 1990). 

90ST377 
STEINERT., MASONS.A., SAENGER W. 
Cooperative O-H· ··O hydrogen bonds in b-cyclodextrin-ethanol­
octahydrate at 15 K: A neutron di ffrac tion study. 
JOURNAL OF THE AMERICA CHEMICAL SOCIETY 112, 
6 184-6 190 (1990). 

90FO378 
FORSYTH V.T., MAHENDRASrNGAM A., STEVENS E.D., 
LANGAN P., PIGRAM W.J., MASONS.A. , FULLER W. 
The determination of the location of ions and water around the 
DNA double helix. 
ITALIAN PHYSICAL SOCIETY CO FERENCE 
PROCEEDINGS 25, 987-990 ( 1990). 

90FO379 
FORSYTH V.T., MAHENDRASrNGAM A., LANGAN P., 
PIG RAM W.J., STEVENS E.D., AL-HA YALEE Y., BELLAMY 
K.A. , GREEN ALL R.J ., MASONS.A., FULLER W. 
X-ray and neutron high angle fibre di ffraction studies in the 
determination of hydration and ionic structure around DNA. 
INSTITUTE OF PHYSICS CONFERE CE SERIES IOI, 
237-248 ( 1990). 

90MA380 
MARMEGGI J.C., LANDER G.H. , YA SMAALE S .. 
BRUECKEL T., ZEYEN C.M.E. 
Neutron-di ffraction study of the charge-density wave in a -uranium. 
PHYSICAL RE VI EW B 42, 9365-9376 ( 1990). 

90HA381 
HAYDEN S.M., AEPPLI G., MOOK H.A. , CHEONG S.W., 
FISK Z. 
Spin dynamics in the two-dimensional anti ferromagnet La2CuO4. 
PHYSICAL REVIEW B 42 , 10220-10225 (1990). 

90Ml382 
MIEHE G., VOGT T., FUESS H., WILHELM M. 
Localisation of excess oxygen in the high-Tc 2223-phase 
Bi 1 _9Pbo_3Sr2.0Ca 1 _9Cu3_0O I 0+li by neutron powder di ffrac tion. 
PHYSICA C 171, 339-343 ( 1990). 

90DO383 
DORNER B., STRA UCH D. 
Phonon dispersion sheet and group veloc ities in GaAs. 
I ' PHONO S 89 ', S. HU KLrNGER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIENTIFIC PUBL. , 1990) , 37-39. 

901 V384 
IYA OY A.S., RUMYANTSEY A.Y. , MITROFANOY .L. , 
DORNER B., PUSHKAREY Y.Y. 
Lattice dynamics of tin . 
IN ' PHONONS 89', S. HUNKLINGER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIE, TlFIC PUBL. , 1990), 40-42 . 

INTERNAL REPORTS 

152 

90AL385 
ALEKSEEY P.A., IV ANOY A.S., DORNER B., SHOBER H., 
KIKO[N K.A. , KO OY ALOY A E.S ., MlSHCHE KO A.S., 
LAZUKOY V . . , PADER O Y.B., RUMYANTSEY A. Y., 
SADIKOY I.P. 
Lattice dynamics of intermediate valence emiconductor SmB6. 
IN 'PHO O S 89' , S . HU KLINGER, W. LUDWIG, G. WElSS 
EDS. (WORLD SCJE TIFIC PUBL. , 1990), 67-69. 

90ST386 
STRAUCH D. , MA YER A.P., DORNER B. 
Wavevector dependence of phonon eigenvectors in Si. 
IN ' PHONONS 89 ' , S. HUNKLI GER, W. LUDWIG, G. WEISS 
EDS . (WORLD SCIENTIFIC PUBL. , 1990), 79-8 1. 

90ST387 
STRAUCH D., DORNER B. , KARCH K. 
Phonons in AISb. 
IN ' PHONONS 89 ', S. HUNKLINGER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIENTIFIC PUBL. , 1990), 82-84. 

90GO388 
GOMPF F., RENKER B .. A DELMA P., EWERT D. , G ERING 
E., MUTKA H. 
High-frequency phonon harden ing in doped YBa2Cu3O7 and 
Bi2Sr2(Ca 1-x Y x)Cu2Og as Tc decreases: An inelastic neutron 
scattering study. 
IN 'PHONONS 89 ' , S. HU KLINGER, W. L UDWIG, G. WE ISS 
EDS. (WORLD SCrENTIFIC PUBL. , 1990), 307-309. 

90SU389 
SUCK J.B. , JANOT C. , BOISSIEU M. DE, DU BOST B. 
A comparative study of the lattice dynamics o f AICuLi in the 
crystalline R-phase and the TI-phase. 
IN ' PHONO S 89 ', S. HUNKLI GER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIENTlFTC PUBL. , 1990), 576-578. 

90SC390 
SCHRAEDER T. , LOIDL A. , FRANK Y.L.P. 
Soft modes and central peak in the orientational glass 
( aC )1-x( KC )x. 
[N ' PHONO S 89 ' , S. HU KLING ER, W. LUDWIG, G. WE ISS 
EDS . (WORLD SCIENTTFIC PUBL. , 1990), 594-596. 

90RE391 
REICHENAUER G., BUCHENAU U., CONRAD H., FRICK B., 
FRICKE J. 
Low-frequency vibrational density of states of silica-aerogels. 
IN ' PHONONS 89 ' , S. HUNKLINGER, W. LUDWIG , G. WEISS 
EDS. (WORLD SCIENTIFIC PUBL. , 1990), 656-658. 

90CO392 
CODDENS G., PELO US J. , WOIGNIER T. , VACHER R., 
COURTE SE. , WILLIAMS J. 

eutron scattering results on the density of states of fractals. 
IN ' PHONONS 89' , S. HUNKLI GER, W. LUDWIG, G. W EISS 
EDS . (WORLD SCIENT IFIC PUBL. , 1990), 697-699. 

90LA393 
LAUTER H.J . 
Inelastic neutron scattering from adsorbates. 
IN ' PHONONS 89 ' , S. HU KLI GER. W. LUDWIG, G. W EISS 
EDS . (WORLD SClE TIFIC PUBL.. 1990), 87 1-879. 

90GO394 
GODFRIN H .. FRANK Y.L.P .. LA UTER H.J. , LEIDERER P. 
Direct observation of ripplons in 4He fi lms by neutron scattering . 
I ' PHONONS 89' , S. HUNKLINGER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIENTI FIC PUBL. , 1990) , 904-906. 



P UBLICATIONS 

90FR395 
FRANK V.L.P., LA UTER H.J ., LEIDERER P. 
Phonon gap energy as a function of temperature for commensurate 
monolayers on graphite. 
1N 'PHONONS 89' , S. HUN KLINGER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIE TIFIC PUBL. , 1990), 913-915 

90AR396 
ARMO Y J.L. , FRA K V.L.P., LAUTER H.J ., LElDERER P. 
Rotational exci tation and out-of-plane vibration of para- H2 and HO 
adsorbed on graphite. 
IN ' PHONONS 89', S. HUNKLINGER, W. LUDW IG, G. WEISS 
EDS. (WORLD SCIE TIFIC PUBL. , 1990), 9 16-9 I 8. 

90MO397 
MOELLER T. , LAUTER H.J ., FRANK V.L.P., LEIDERER P. 
Excitations in the commensurate phase of CD4 adsorbed on graph ite. 
I ' PHO ONS 89' , S. HU KLING ER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIE TIFIC PUBL., 1990), 9 19-921. 

90FR398 
FRANK V.L.P., LAUTER H.J ., HANSEN F.Y., TAUB H., 
BRUCH L.W .. DEN ISON J.R. 
Lattice dynamics of nitrogen adsorbed on graphite inves tigated by 
inelastic neutron scattering. 
f ' PHO ONS 89 ' , S. HU KLINGER , W. LUDW IG, G. WEISS 
EDS. (WORLD SCIENTIFIC PUBL. , 1990), 922-924. 

90FR399 
FRANK V.L.P., LAUTER H.J., GODFR IN H. , LEIDERER P. 
Zone center phonon gap in the commensurate phase of 3He 
adsorbed on graphite. 
I ' PHO ONS 89 ' , S. HUNKLINGER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCIENTfFIC PUBL. , 1990), 1001-1003. 

90PE400 
PETRY W ., HEIMING A., TRAMPENAU J., ALBA M., 
HERZIG C. , SCHOBER H.R. 
Phonons at martensitic phase transitions. 
IN ' PHO ONS 89', S. HU KU GER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCfENTIFJC PUBL., 1990), 1095- 1107. 

90DO401 
DOR ER B., BURKEL E., ILLINl T., PEISL J . 
Measurements of phonon dispersion curves by x-rays with very 
high energy resolution. 
IN ' PHONONS 89', S. HUNKLINGER, W. LUDW IG. G. WEISS 
EDS. (WO RLD SCIENTIFIC PUBL., 1990), 1405- 1414. 

90GR402 
GRANER F., BALIBAR S. , BOWLEY R.M., NOZIERES P., 
ROLLEY E. 
The Kapitza resistance between liquid 3He and solid 3He. 
I ' PHO O S 89' , S. HU KLINGER , W. LUDWIG , G. WEISS 
EDS. (WORLD SCIENTIFIC PUBL. , 1990), 1326- 1328 . 

90DA403 
DAYP. 
Cooperative optical effects in solid state coordination chemistry. 
COORDINATIO CHEMISTRY REVIEWS LOO, 155- 168 ( 1990). 

90DA404 
DAY P. 
Superconductivity in molecul ar and oxide lattices. A comparison. 
IN ' LOWER DIMENS IONAL SYSTEMS & MOLECULAR 
DEV ICES', R.M. METZGER, P. DAY, G. PAPPA VASS ILIOU 
EDS. (PLENUM PRESS , 1990), 123. 

I NTERNAL R EPORTS 

153 

90DA405 
DAYP. 
Trends in structures and properties of organic and inorganic 
superconductors. 
SPRINGER PROCEEDINGS I PHYSICS 51 , 8-14 ( 1990) 

90S1406 
SIMON J.P., LYON 0., BRUSO A., PIECUCH M., 
RIEUTORD F. 
Thermal stability of Nd-Fe multi layers: the volumic relaxations 
studied by anomalous small angle x-ray scattering. 
ITALIAN PHYSICAL SOCIETY CONFERENCE 
PROCEEDINGS 25, 789-792 ( 1990). 

90VE407 
VETTIER C. 
Synchrotron radiation and magnetic materials: comparison of 
neutrons and X-rays. 
ITALIAN PHYSICAL SOCIETY CONFERENCE 
PROCEEDINGS 25, 2 17-227 ( 1990). 

90FR408 
FRUCHART D., SOUBEYROUX J.L. , TRA QUID .. PIQUE C .. 
RILLO C., LERA F., ORERA V., FLOKSTRA J. , 
BLA KD.H.A. 
Thermogravimetry and neutron thermodiffractometry studies 
of the H-YB a2Cu3O7 system. 
JOURNAL OF THE LESS-COMMON METALS 157, 233-244 
(1990). 

90FR409 
FRICK B., RICHTER D. , FETTERS L.J. 
Secondary relaxation processes in two amorphous polymers. 
r ' BASIC FEATURES OF THE GLASSY STATE' , J. 
COLME ERO, A. ALEGRIA EDS. (WORLD SCIENTIFIC 
PUBL. , 1990), 204-208. 

90CO4l0 
COLMENERO J., ALEGRIA A. , FRICK B. 
Short-time scale molecular dynamics at the glass transition range 
of poly (vinyl methyl ether). 
IN ' BASIC FEATURES OF THE GLASSY STATE', J. 
COLMENERO, A. ALEGRIA EDS. (WORLD SCIENTIFIC 
PUBL. , 1990), 257-26 1. 

90DO411 
DORMANN J.L. , SEQQAT M., FIORANI D. , NOGUES M., 
SOUBEYROUX J.L. , BHARGAVA S.C. , RENAUDIN P. 
Mossbauer studies of FeAl2O4 and Feln2S4 spin glass spinels. 
HYPERFINE INTERACTIONS 54, 503-508 ( 1990). 

90RE412 
REAU J.M., SENEGAS J., EL OMAR! M ., SOUBEYROUX J.L. 
Evolution du processus de clusterisation au sein de la solution 

solide Pb 1-xZrxF2+2x· 
JOURNAL OF FLUORINE CHEMISTRY 49, 87-98 ( 1990). 

908R413 
BROKMEIER H.G. , HEI ICKE F. , BU GE H.J .. RITTER C. 
Quantitative texture analysis of quartz using neutron diffraction. 
KTB-REPORT 89-3, 408 ( 1989). 

90SE414 
SEVERI GA. , GRATZ E., RAINFORD B.D. , YOSHIMURA K. 
Study of the valence transition in Yb lnCu4 by inelastic neutron 
scattering. 
PHYSICA B 163, 409-411 ( 1990). 



PUBLICATIONS 

90LA415 
LAB ISCH I SKI H .. VORGEL E., UEBACH W .. MAY R.P .. 
BRADACZEK H. 
Architecture of bacterial lipid A in solution. A neutron small-angle 
scallering study. 
E ROPEA JO RNAL OF BIOCHEMISTRY 190. 
359-363 ( 1990). 

90AL416 
ALONSO J.A., RASINES I.. SOUBEYROUX J.L. 
Tristrontium dialuminum hexaoxide: An intricate superstructure 
of perovsk i te. 
INORGANIC CHEMISTRY 29, 4768-477 1 ( 1990). 

90DR4l7 
DREXEL W. 
The new VC -UC source at the ILL and first experiments. 
I ' PROCEEDI GS OF SEMINARS O ULTRA-HIGH 
RESOLUTIO NE TRO SPECTROSCOPY A D OPTICS·. 
1- 1 I. 

908R4l8 
BROWN P.J .. NUNEZ V. , TASSET F., FORSYTH J.B .. 
RA DHAKRISHNA P. 
Determination of the magnetic structure of Mn3Sn using 
generali zed neutron polariza tion analysis. 
JOURNAL OF PHYSICS : CON DENSED MATTER 2, 9409-
9422 ( 1990). 

90MA419 
MATULL R .. R PPR.A.. HEHMA J .. IBEL K. 

eutron diffraction by laser-generated volume phase gratings. 
ZEITSCH RI FT FUER PHYSIK B 81. 365-369 ( 1990). 

9080420 
BOER ER H.G., JOLIE J. , ROBI SO S.J .. CA TE R.F .. 
CIZEWS KI J.A. 
Fi rst measurement of B(E2) values from G < states of an 0(6) 
nucleus: Gamma-ray-induced Doppler broadening studies in 196pt. 
PHYSICAL REVIEW C 42, R227 I -R2274 ( 1990). 

90K 421 
KULLMAN W .. EICHHOR G .. RAU H H .. GEICK R .. 
ECKOLD G .. STEIGE BERGER U. 
Lattice dynamics and phonon di ·persion in the narrow gap 
semiconductor Bi2Te3 with sandwich structure. 
PHYSICA STATUS SOLIDI (B) 162. 125- 140 ( 1990). 

90AC422 
ACHARYA D.R .. CROWLEY T.L.. HUGHES R .. KOON C.L.. 
ME E DEZ M .. RIEUTORD F. 
Characterization of a chromia-alumina catalyst using small-angle 
neutron scaueri ng. 
JOUR AL OF APPLIED CRYSTALLOGRAPHY 23, 
424-429 ( 1990). 

90GO423 
GOBRECHT K. 
Tiefe Temperaturen. 
I ·LEHRBUCH DER EXPERIM ENTALPHYSIK '. L. 
BERG MA , C. SCHAEFER ED . (WALTER DE GRUYTER. 
1990). L 81 1-862. 

9080424 
BOER ER H.G .. JOLIE J., ROBI O S.J ., 
SCHILLEBEECKX P. 
Recent advances in very high resolution crystal gamma-ray 
spectroscopy. 
I STITUTE OF PHYSICS CONFERE CE SERIES 105. 
145- I 57 ( I 990). 

INTERNAL REPORTS 

154 

90JO425 
JOLIE J., ROBI SON S.J .. BOER ER H.G., 
SCHILLEBEECKX P. 
The analysis of gamma-ray induced Doppler broadening (G RID) 
mea urement s. 
I STITUTE OF PHYSICS CO FERE CE SERIES l05. 
179- 184 ( 1990). 

90SC426 
SCHAEFER D.W., M ARK J.E., MCCARTHY D., HAN L. , 
SU C.C.. FARAGO B. 
Structure of microphase-separated sili ca/siloxane molecular 
composites. 
MATERIALS RESEARCH SOCIETY SYMPOSIUM 
PROCEED! GS 171. 57-63 ( I 990). 

908 427 
BURLET P., REG AULT L.P .. J RGE S M.J .. VETTIER C.. 
ROSSAT-MIGNOD J .. HENRY J.Y .. LAPERTOT G. 

eutron cattering studies of YBa2Cu3O6+x sing le crystals. 
FIZIKA 21. SUPPLEMENT 3. 213 ( 1989). 

9000428 
DORNER B. , STRAUCH D .. SCHOBER H .. NUETZEL K. 
Phonons in a-quartz. 
IN ' PHONONS 89', S. HU KL! GER, W. LUDWIG, G. WEISS 
EDS. (WORLD SCI£ TIFIC PUBL. CO .. 1990). 76-78. 

90SC429 
SCHRECKE BACH K. 
Search for exotic phenomena with slow neu trons. 
IN ·NEW AN D EXOTIC PHE OMENA 90', 0. FACKLER. J. 
TRA THA H VA EDS. (EDITIO S FRO TIERES. 1990). 

15 1-162. 

90GR430 
GRANGE P. 
Fonctions de Green et quasiparticules. 
I • UCLEO SDANSLE OYAU, MAI E CORE .. . ·, P. 

GRANGE & AL. EDS (I STITUT ATIO AL DE PHYSIQUE 
UCLEAIRE ET DE PHYSIQUE DES PARTIC LES, I 2P3, 

1990). 3-52. 

90AN431 
A EM., BOU DJ ADA .. RODRIGUEZ-CARVAJA L J., 

FIGLARZ M. 
Real-time neutron powder diffraction study of MoO3.2H2O 
topotactic dehydration. 
I STITUTE OF PHYSICS CO FERENCE SERI ES 107, 117- 126 
( 1990). 

90DI432 
DICAPUA E .. SCH ARR M., RUIGROK R.W.H., LI ONER P., 

TIMMI S P.A. 
Complexes of RecA protein in solution. A study by small angle 
neutron scatteri ng. 
JOUR AL OF MOLECULAR BIOLOGY 214. 557-570 ( 1990). 

90SC433 
SCHAFHEUTLER M.E.. SETLIKOV A E .. TIMM! S P.A .. 
JOH ER H .. GUTGESELL P .. SETLIK I.. WELTE W. 
Molecular we ight determination of an acti ve photosystem I preparation 
from a tem1ophilic cyanobacterium. synechococcus elongatus. 
BIOCHEMISTRY 29. 12 16- 1225 ( 1990). 



P UBLICATIONS 

9008434 
OBRADORS X .. TEJADA J .. RODRIGUEZ-CARVAJAL J .. 
PEREZ F .. VALLET M .. GONZALEZ-CALBET J., 
MEDARDE M. 
Low temperature magne1iza1ion of an1iferromagnetic YBa2Cu3O6. 
JO R AL OF MAG ETISM A D MAG ETIC MATERIALS 
83, 517-518 (1990). 

908A435 
BATLLE X .. OBRADORS X .. PER ET M .. V ALLET M .. 
CABA AS M.V .. RODR IG EZ-CARVAJAL J .. 
FO TCUBERTA J. 
Cationic distribution, magnetiza1ion and magne1ic aniso1ropy 
or Co2+ doped M-typc barium ferrit e. 
JOURNAL OF MAGNETISM A D MAGNETIC MATERIAL 
83. 465-467 ( 1990). 

90GR436 
GRANADOS X .. BATLLE X .. MEDARDE M .. OBRADORS X .. 
FONTC BERTA J .. RODRIGUEZ-CARVAJALJ .. VALLET M .. 
GONZALEZ J .. ALO SO J.A.. SAY GUES M.J. 
Transport and magnetic properties versu hole doping in 

(La. d)2 iO4+6· 
JOUR AL OF THE LE - OMMO METALS 164 & 165. 
853-861 ( 1990). 

90FO437 
FOURCADE B .. TREMBLEY A .M.S. 

niversal mullifractal properties of circle maps from 1he poin1 or 
view of cri1ical phenomena. I. Phenomenology. 
JO RNAL OF STATISTICAL PHYSIC 61. 607-637 ( 1990). 

90FO438 
FO RCA DE B .. TREMBLAY A.M.S. 
Universal mullifracial properties of circ le maps from the joinl 
of view or cri tica l phenomena. II. Ana lytical resu ll s. 
JOU RNAL OF STATISTICAL PHYS ICS 61. 639-665 ( 1990). 

90LA439 
LAFO TAI EM .A .. FEREY G .. RODRIGUEZ-CARVAJAL J. 

opper containing minerals: II . A neu1ron them1odiffracto111etry 
st udy of the decomposition or mineral volborthi te 

Cu3 V2O7(OH)2, 2H2O. 
E ROPEA JO R AL OF SOLID STATE I ORGA IC 
CHEM ISTRY 27. 805-817 ( 1990). 

90LE440 
LE LIRZI A ., QU IANG X., DARR I ET J. , SOUBEYROUX J.L., 
KA ISER V .. PEBLER J .. BABEL D. 
Structura l and magnetic properties or I D bime1allic chains in 

Ba2 aC0Fe2F14 and Ba2Ca o r2F14. 
E ROPE JO R AL OF SOLID STATE I ORGA IC 
CHEM ISTRY 27. 791-803 (1990). 

90FO44I 
FORSYTH J.B .. BROW P.J .. WA KLY B.M. 
Magnetism in cupric oxide. 
JOURNAL OF PHYSICS C 21. 2917-2929 ( 1988). 

90PA442 
PAN ETIER J .. CHABRE Y .. POINS IG ON C. 
Structural sludy of !he electrochemical reduction of manganese 
dioxide with prolon intercalation. 
ISS I LETTERS I. 0 2. 5-7 ( I 990). 

I NTERNAL R EPORTS 

155 

90PA4-B 
PA ETIER J. 
Simulated annealing: an i111roductory review. 
I STITUTE OF PHYSICS CO FERE CE SERIES 107. 
23-44 ( 1990). 

90BE444 
BEGUI F .. PILLIERE H .. GOLDMA M. 
Rever ible storage or saluratecl hydrocarbons in cesium graph it ides. 
SYMPOSIUM ON CARBO EW PROCESSI GA D EW 
APPLI ATIO . TSUK BA. JAPA . NOVEMBER 1990. 110. 

90M 445 
MAJ KRZAK C.F .. LEHMAN M.S .. COX D.E. 
The applica1ion of neutron diffraction to s1ruc1ura l studies. 
PHYS IC L METHODS IN CHEM ISTRY 5. 123 (1990). 

90CH446 
CHR ISTENSEN A.N .. GRAND A .. LEHMANN M.S .. COX D.E. 
A synchro1ron x-ray powder diffrac1ion s1Udy of the structure of 
lrans-d ich lo rot i Ian ium( IV) 1e1raphenyl porphyrin. 
ACTA CHEMICA CA DI AVIC 44. 103 ( 1990). 

90 L447 
ALO SO J.A. . BATLLE X .. FER ANDEZ M.T .. FER ANDEZ 
F .. FONT BERTA J .. GAR IA-MUNOZ J.L. . GONZALEZ-
CALBET J .. GRANADO X .. MARTINEZ J.L.. MEDARDE M .. 
OBRADORS X .. RODRIGUEZ-CARVAJAL J .. SAEZ-P HE 
R .. A YAGUES M.J .. LLET M. 
Slructural phase transitions. magnelism and lransport propertie~ in 
stoichiome1ric and hole eloped (La. d)2 iO4 oxides. 
IN 'SUPERCO DU T IV ITY I SPA IN: RESEARCH 
ACTIV ITIE I 1939· M ID PROGRAM (RED ELECTRI A 
DE ESPA A. 1990). 25-38. 

90CA448 
CA RR ERA M .. CRUSELLAS M.A .. FONTCU BERTA J .. 
GR NADOS X .. JURADO J .. OBRADORS X .. PEREZ F .. 
CABA A M.V .. GO ZALEZ-CALBETJ .. VALLETM .. 
GAR IA E .. GARCIA-MUNOZ J.L.. RODR IGUEZ-CARVAJAL 

J .. LERA F .. RI LLO . 
Microstructure. superconductivi1y and magne1ism in 

YBa2Cu3O7-type oxides. 
IN • UPERCO D CTIVITY IN SPAI : RESEARCH 
A TIV IT IES I I 989' MIDA PROGRAM (RED ELECTRI A 

DE ESP . 1990). 61 -68. 

90FU449 
A .. CALDE M.T.. A VARRO J.M .. PEREZ F .. 

MARTI EZ B .. PI OL S .. M IRAVITLLE C .. OBRADORS X .. 
FO TC BERTA J .. GARCIA-MU OZ J.L. . RODR IG EZ­
CARVAJAL J.. GOZALEZ- ALBETJ .. VALLET-REG I M .. 
LERA F .. RILLO C. 
Crysta l grow1h. crystal s1ruc1ure and physical properties or 
perovski1e and related u oxides. 
IN • UPERCO DUCTIV ITY I SPA I : RESEARCH 
ACTIV IT IES IN 1989' MIDAS PROGRAM (RED ELECTRICA 
DE ESPANA. 1990) , 6 1-68. 

90JO450 
JOLIE J .. H YDE K. 
Con~istent description or intruder slate, . 
PHYSICAL REV IEW 42. 2034-2039 ( 1990). 



PUBLICATIONS 

90LU451 
LUCAZEAU G. , CHAHID A. , DIANOUX A.J. 
Simulation of the coherent neutron scattering law associated with 
collective diffusive motions of Na+ ions in p alumina. 
ORDER/DISORDER IN SOLIDS 7, 12 (1989). 

901S452 
ISALGUE A., A GLADA M., RODRIGUEZ-CARVAJAL J., 
GEYER A. DE 
Study of the spinodal decomposition of an Fe-28Cr-2Mo-4 i- b 
alloy by small-angle neutron cattering. 
JOURNAL OF MATERIALS SCIENCE 25, 4977-4980 ( 1990). 

90PO453 
POWELL D.H., NEILSON G.W. 
The solvation structure of i2+ in methanol. 
JOURNAL OF PHYSICS: CONDENSED MATTER 2, 5867-
5876 (1990). 

90NE454 
EILSO G.W. , BROADBE T R.D. 

The structure of Sr2+ in solution. 
CHEMJCAL PHYSICS LETTERS 167, 429-431 (1990). 

90AD455 
ADYA A.K., NEILSON G.W. 
The structure of ammonium nitrate by isotopic difference methods 
of neutron diffraction. 
MOLECULAR PHYSICS 69, 747-765 (1990). 

90HE456 
HERDMA G.J ., EILSON G.W. 

eutron scattering studies of aqua ions. 
JOUR AL OF MOLECULAR LIQUIDS 46, 165-179 ( 1990) . 

90DE457 
DEROLLEZ P., BEE M., ABELLO L. 
Mot.ional and relaxational proce ·es in amorphous and crystalline 
phase of methoxybenzylidene-butylaniline Il. Raman spectroscopy 
of MBBA in its solid and nematic phases. 
MOLECULAR CRYSTALS AND LIQUID CRYSTALS 188, 
75-89 (1990). 

90AL458 
ALLENSPACH P. , MESOT J., STAUB U. , FURRER A., BLA K 
H., MUTKA H., VETTIER C.. KALDIS E., KARPINSKI J. 1 

RUSIECKI S. 
Pressure-induced electronic properties of ErBa2Cu3Ox (6<x<7) 
and ErBa2Cu40g. 
IN 'EFFECTS OF STRONG DISORDERING JN HTSC' , B.N. 
GOSHCHJTSKII, V.l. BOBROVSKll EDS. (USSR ACADEMY 
OF SCIENCES, 1990), 276-285. 

90FR459 
FREIMUTH H., WIECHERT H., SCHILDBERG H.P., 
LAUTER H.J . 

eutron-diffraction study of the commensurate-incommensurate 
phase transition of deuterium monolayers physisorbed on graphite. 
PHYSICAL REVIEW B 42, 587-603 (1990). 

90JA460 
JAUCH W., MCINTYRE G.J. , SCHULTZ A.J. 
Single-crystal neutron diffraction studies of MnF2 as a function 
of temperature: the effect of magnetostriction. 
ACT A CRYST ALLOGRAPHICA B 46, 739-742 ( 1990). 

INTERNAL REPORTS 

156 

90FR461 
FREY F., BOYSE H., VOGT T. 
Neutron powder investigation of the monoclinic to tetragonal phase 
transformation in undoped zirconia. 
ACTA CRYSTALLOGRAPHICA B 46, 724-730 ( 1990). 

90DE462 
DEROLLEZ P., LEFEBVRE J., DESCAMPS M., PRESS W. , 
GRIMM H. 

eutron diffuse scattering in the plastic phase of succinonitrile. 
JOURNAL OF PHYSICS : CO DENSED MATTER 2, 
9975-9987 ( 1990). 

90FA463 
FARAGO B., RICHTER D. , HUANG J.S. , SAFRAN S.A., 
MILNER S.T. 
Shape and ize fluctuations of microemulsion droplets: the role of 
cosurfactant. 
PHYSICAL REVIEW LETTERS 65, 3348-3351 ( 1990). 

90CO464 
COCKCROFT J.K., FITCH A.N. 
The solid phases of deuterium ulphide by powder neutron 
diffraction. 
ZEITSCHRIFT FUER KRISTALLOGRAPHlE 193, 1-19 (1990). 

90PE465 
PENFOLD J. , THOMAS R.K. , SIMISTER E.A. , LEE E.M. , 
RENNIEA.R. 
The structure of mixed surfactant monolayers at the air-liquid 
interface, as studied by specular neutron reflection . 
JOURNAL OF PHYSICS : CO DE SEO MA TIER 2, 
SA41 I-SA416 (1990). 

90GR466 
GREY I.E., HILL R.J ., HEWAT A.W. 
A neutron powder diffraction study of the P toy phase 
transformation in NaFeO2. 
ZEITSCHRI.FT FUER KRISTALLOGRAPHIE 193, 51-69 ( 1990). 

90BE467 
BELOZEROV A.V. , BEDA A.G. , BO DARE KOL. ., BUROV 
S.l. , DA lLYAN V., GEL TE BORT P.G., GOENNENWEIN F., 
MARTEM'YANOV A.N., MOSTOVOI Y.A., PAVLOV V.S. , 
SCHREKENBACH K. 
Ratio of P odd asymmetry of eparation of fission fragments in 
binary and ternary fission of Pu-239 by polarized neutrons. 
JETP LETTERS 51 , 10- 14 ( 1990). 

90CH468 
CHALKER J.T. 
Scaling and eigenfunction correlations near a mobility edge. 
PHYSICA A 167, 253-258 (1990) . 

90 H469 
CHALKER J.T., SIAK S. 
Anderson localisation on a Cayley tree: a new model with a imple 
solution. 
JOURNAL OF PHYSICS : CO DE SEO MA TIER 2, 2671 -
2686 ( 1990). 

90CH470 
CHARVOLIN J. 
Films of amphiphiles, tructural description. 
IN 'L!QUIDES AUX INTERFACES/LIQUIDS AT 
I TERFACES', J. CHARVOLIN, J.F. JOANNY, J. ZINN­
JUSTIN EDS (ELSEVIER SCfE CE PUBL., 1989), I 79-207 . 



PUBLICATIONS 

90CH471 
CHARVOLI J., SADOC J.F. 
Structures bui lt by amphiphiles and frustrated fluid films. 
COLLOQUE DE PHYSIQUE 51 , COLLOQUE C7. 
C7-83-C7-96 ( 1990). 

90SA472 
SADOC J.F., CHA RVOLIN J. 
The crystallography of the hyperbolic plane and infin ite periodic 
minimal surfaces. 
COLLOQUE DE PHYS IQUE 51 , COLLOQUE C7. C7-3 I 9-C7-
332 ( 1990). 

90GE473 
GEISSLER E., MALLAM S .. HECHT A.M .. RE IE A .R., 
HORKAY F. 
Observations on concentra ted polymer solutions near the 0 
condition using small -angle neutron scanering. 
MACROMOLECULES 23, 5270-5273 ( 1990). 

90B E474 
BEUNEU B .. PRIEM T. , NOV ION C. H. DE. LEFEBVRE S. , 
CHEVRIER J., CHRISTE SE A . 1. 

Shot1 -range-orcler detennination in quenched NbCo.73 by elastic 
diffuse neutron scattering. 
JOUR AL OF APPLIED CRYSTALLOGRAPHY 23, 
497-508 ( 1990). 

90GA475 
GA VARRI J.R .. MO EREAU 0 .. YACQU IER G .. CAREL C .. 
VETTIER C. 
Anisotropic compressibil ity of the orthorhombic phase 

B i2Sr2Ca 1 Cu20 g. 
PHYSICA C 172. 2 13-2 16 ( 1990). 

9000476 
DO ELLY K., FAWLER J.F .. COEY J.M .D .. FRUCHART D .. 
M fRAG LI A S., SOUBEYROUX J.L. 

The effect of hydrogen on Bi 1.8Pbo.2Sr2.2Ca 1 _9 FCu3_00x: 
A neutron di ffraction study. 
PHYS ICA C 172. 207-2 12 ( 1990). 

90AD477 
ADYA A.K .. NEILSON G.W. 
Invest igation of the structure of an ammonium nitrate-calcium 
nitrate eutec tic melt using isotopic difference methods in neutron 
diffrac tion. 
MOLECULAR PHYS ICS 71 , 109 1-1 105 ( 1990). 

90M E478 
MEDI AG.A. . UNEZ-REGUEfRO M .D. 
Electron- and hole-eloped high Tc superconductors: a common 
charge-transfer model. 
PHYS ICAL REVIEW B 42, 8073 ( 1990) 

90AH479 
AHSBAHS H .. DORWARTH R., KU HS W.F .. LONDONO D. 
Disorder in ice V I at I GPA. A neutron diffraction study on in situ 
grown single crystals. 
HIGH PRESSURE RESEARCH 5, 807-809 ( 1990). 

90PR480 
PRESS W .. DAMA Y P., LECLERCQ F. , CHfEUX P. 
On the structure of so lid Ca( D3)x: with x=6. 
JOURNAL OF CHEM ICAL PHYS ICS 91, 1167- 11 72 ( 1989). 

INTERNAL REPORTS 

157 

90DU481 
DUBBERS D. 
Test of electroweak parameters wi th slow neutrons. (Inv ited talk) 
WORKSHOP MORIOND 1990 (EDIT IONS FRONTIERES , 

1990), 265 

90DU482 
DUBBERS D. 
Particle physics with slow neutrons. (Invited ta lk) 
IN ' WEAK AND ELECTROMAGNETIC INTERACTIO S I 
NUCLEI ' (WEIN 89), P. DEPOMMLER ED. (EDIT IONS 
FRO TIERES , 1989)87- 101. 

90CA483 
CARMONA P .. AOUIZERAT-ELARBY A .. JAL J.F .. DUPUY J .. 

CROSET B., CHIEUX P. 
Phase transition of ice prec ipitated in an aqueous ionic glassy 

matrix . 
PHASETRANS IT IO S 14, 11 -20 ( 1989). 

90BE484 
BERTAGNOLLI H., HUMMEL I. , CHIEUX P. 
Systematic investigations 01· the di polar interactions in aromatic 
liquids. A neutron diffracti on experiment. I. Structure factors and 

intramolecular structure. 
BER ICHTE DER BU SENGESELLSCHAFT FUER 
PHYS IKALISCHE CHEM IE 92. 1149-1158 ( 1988). 

90BA485 
BALDAC I G., GU INET F., T IL LIT J.. ZACCA I G .. RECONDO 

A. M .DE 
Functi onal implicati ons related to the gene structure of the 
elongation fac tor EF-Tu from halobacterium marismortui . 

UCLEIC ACIDS RESEARCH 18, 507-511 ( 1990). 

90ZA486 
ZACCAI G., AUDE C.A.. THIELE S N.M ., ARLAUD G.J. 

eutron scattering study of the (y-B) catalyt ic domains of 

complement proteases. 
FEBS LETTERS 269, 19-22 ( 1990). 

90P0487 
POPOT J.L. , ZACCAI G. 
Examen d'une proteine. 
POUR LA SCIE CE 20-22 (FEYRIER 1990). 

90ZA488 
ZACCAIG. 
La stabi lisation des proteines halophi les. 
BIO-LA LETTRE DES SCIE CES DE LA VIE O 19, 9 ( 1990). 

90H E489 
HEWAT A.W., FISCHER P., KALDIS E. , HEWAT E.A., 
JILEK E .. KARPI SKI J., RUSIECKI S. 
Cu-0 bond and Tc changes in I 23, 124 and 247-superconductors. 
JOUR AL OF THE LESS COM MO METALS 164, 
39-49 ( I 990). 

90R E490 
REY M.J ., DEHAUDT P .. JOUBERT J.C., HEWAT A.W. 
Structura l distortion in a 123 - superconductor isomorph 

(Ba2LaCu206)(Nb02). 
JOURNAL OF THE LESS-COMMO METALS 164, 
878-883 ( 1990). 



PUBLICATIONS 

90SC49I 
SCHRADER H .. BOYSEN H. , FREY F., CO VERT P. 
On the pha e transformation proto-orthoenstatite 10 clino­
orthoen tatite - neutron powder inve tigation. 
PHYSICS A D CHEMISTRY OF MfNERALS 17. 
409-415 (1990). 

90TR492 
TRAMPE AU J., HERZIG C. 
Fa t diffusion of 59Fe in ~-Zr and ~-Zr-Fe alloys. 
JOUR AL OF PHYSICS : CO DE SED MA TIER 2. 
9345-9354 ( 1990). 

90B 493 
BUCKLEY A.M. , BRAMWELL S.T .. DAY P. 
Intercalation reactions of krautite. HMnAsO4·H2O. 
AMERICA MINERALOGIST 75. I 140- 1146 ( I 990). 

90ME494 
MEDARDE M., BATLLE X .. ORA ADOS X .. OBRADOR X .. 
RODRIGUEZ-CARVAJALJ .. FONTCUBERTA J .. VALLET M., 
GO ZALEZ J .. ALO SO J.A., SA YAGUES M.J., MARTI EZ 
J.L.. FONT Al EA. 

Hole doping in RE2 iO4+8· 
SPRI GER SERIES IN SOLID-STATE SCIE CES 99. 
166- 171 (1990). 

90TE495 
TERECH P. 
Phy ical organogels: solvent-induced structural variations in rod­
like surfactant aggregates. 
PROGRESS IN COLLOID A D POLYMER SCIENCE 82. 
263-270 ( 1990). 

90ME496 
MESOT J .. STAUB U .. ALLENSPACH P .. FURRER A .. MUTKA 
H., VETTIER . 
Pressure-induced charge redistribution in ErBa2Cu3Ox determined 
by neutron crystal-field spectroscopy. 
SPRI GER ERIES I SOLID-STATE SCIE CES 99. 
244-247 (1990). 

90HE497 
HEI !CKE F .. WALL H.DE, BROKMEIER H.G .. RITTER C. 
Texture and hape fabric. 
KTB REPORT 90-4. 12 ( 1990). 

90RU498 
RUCHAUD N., MIRAMBET C .. FOUR ES L.. GRAN EC J .. 
SOUBEYROUX J.L. 
Determination of the cationic arrangement in Sn2F6 from neutron 
powder diffraction. 
ZEITSCHRIFT FUER A ORGA ISCHE D ALLGEMEI E 
CHEMIE 590, 173-180 ( 1990). 

90KR499 
KRUEGER J.K ., PRECHTL M .. LEGRAND J.F. 
Brillouin ca11ering tudies of the transi tions in P(VDF-TrFE) 
copolymers. 
FERROELE TR ICS 109, 315-326 (1990). 

90GI500 
GINGRAS M.J.P., HOLDSWORTH P.C.W .. BERGERSE B. 
Induced nearest-neighbor bond orien tational ordering and director 
fluctuations in two-dimensional liquid crystal models. 
PHYSICAL REVIEW A 41 . 3377-3380 ( 1990). 

INTERNAL REPORTS 

158 

90WI501 
WICKER A., LEGRA D J.F., LOTZ B. , WITTMANN J.C. 
Polymer decoration of ferroe lectric domains in TGS. 
FERROELECTRICS 106, 5 I -56 ( 1990). 

90VE502 
VERKHOSKAYA K.A. , BU E A.V., FRIDKI Y.M .. 
LEGRA D J.F. 
Structural chromic effect in optically sen itized ferroelectric 
polymer. 
FERROELECTRICS LETTERS 12, 43 ( 1990). 

90LI503 
LI D ER P., OBERTH ER R.C., AS H DOW S .. MARKOVIC 
I. , OTTEWILL R.H., RE IE A .R. 
Behaviour of polymer colloids under shear studied by small angle 
neutron scattering. 
I 'SCIE TIFIC METHOD FOR THE TUDY OF POLYMER 
COLLOIDS A D THEIR APPLICATIO S. , F. CA DAU, R.H. 
OTTEWILL EDS. (KLUWER ACADEM IC PUBL. , 1990), 
453-462. 

90BA504 
BAYERL T.M .. THOMAS R.K .. PE FOLD J .. RE lE A. R .. 
SACKMA E. 
Specular reflection of neutrons at phospholipid monolayers: 
changes of monolayer struccure and head group hydration at the 
transition from the expanded to the condensed phase state. 
BIOPHYSICAL JOUR AL 57. 1095-1098 (1990). 

90ME505 
ME RER E., K UH K.J .. HELLMA G.P., RE NIE A.R. 
Diffusion after chain fragmentation in the glassy state: a SA S 
study. 
JOURNAL OF POLYMER IENCE B 28. 893-905 ( 1990). 

90VO506 
VOLINO F., RATIO J.A .. GALLA D D., ES AULT P .. 
DIA O X A.J . 
Molecular aspects in main-chain nematic polymers. 
MOLECULAR CRYSTALS A D LIQ ID CRYSTALS 191 . 
123-133 (1990). 

2 - without ILL author or coauthors 
(From code number 1001) 

90GUl00I 
GULLIDGE P.M. ., EIL ON G.W. 
The cation structure of Ni -ATP in aqueous ·olution. 
CHEMICAL PHYSICS LETTERS 165, 457-459 ( 1990). 

90MU1002 
MURRAY A.D. , WILLIS B.T.M. 
A neutron diffraction : tudy of anion clusters in nonstoichiometric 
uranium dioxide. 
JOURNAL OF SOLID STATE CHEM! TRY 84, 52-57 ( 1990). 

90FO1003 
FORSYTH J.B .. WILK! ON C., PA TER .. 
EFFE BERGER H. 
The anti ferromagnetic structure of triclinic copper(II) phosphate. 
JO R AL OF PHY ICS : CO DE SED MA TIER 2. 
1609- I 6 I 7 ( 1990). 

90MAJ004 
MALLAM S .. HECHT A.M., GEISSLER E., PRUYOST P. 
Structure of swollen polydimethyl siloxane ge ls. 
JOURNAL OF CHEM! AL PHYSIC 91. 6447-6454 ( 1989). 



PUBLICATIONS 

90SAI00S 
SADLER D.M .. BARHAM P.J. 
Structure of drawn fibres: I. eutron scallcring studies of necking 
in melt-crysta llized polyethylene. 
POLYMER 31. 36-42 ( 1990). 

90 A I006 
SADLER D.M .. BARHAM P.J . 
Structure of drawn fibres: 2. eutron scat1ering and necking in 
single-crystal mats of polyethylene. 
POLYMER 31 . 43-45 ( 1990). 

90SAJ007 
SADLER D.M .. BARHAM P.J. 
Structure of drawn fibres: 3. Neutron scatlering studies of 
polyethylene fibres drawn beyond the neck. 
POLYMER 31 , 46-50 ( 1990). 

90G 1008 
G E ET J.M .. SADLER D.M .. SPELLS .J . 
Solution-grown crystals of i otactic poly tyrene: neutron scatlering 
investigation of the vari ati on of chain trajectory wi th crystallization 
temperature. 
POLYMER 31. 195-20 I ( 1990). 

90GII009 
GIROUD-GODQU IN A.M., MALDIVI P .. MARCHON JC.. 
BEEM .. CARPE TIER L. 
A lkyl chain moti ons of dicopper-tetraalkanoate in the crystalline 
and columnar phases. A quasielastic neutron scat1ering sllldy. 
MOLECULAR PHYSICS 68. 1353-1365 ( 1989). 

90CA I0IO 
CA RPE T IER L.. BEEM .. GIRO O-GODQ I A.M .. 
MALDIVI P .. MARCHO J.C. 
Alkyl chain motions in columnar mesophases. A qua ielastic 
neutron scauering st udy of dicopper tetrapalmitate. 
MOLECULAR PHYSICS 68, 1367- 1378 ( 1989). 

90BO 10 11 
BOU HER J.P .. PY R .. REMOISSE ET M .. REG AULT 
L.P .. E DOH Y .. RE ARD J.P. 

ew non linear modes in planar antifcrromagnets: A study of 
polarized-neutron. inelastic scallering of (CD3)4 MnCl3 in a 
transverse f ield. 
PHY I ALREV IEWLETTER 64. 1557- 1560(1990). 

90COIO l 2 
COURTE S E., LARTIG EC.. MEZEI F .. VACHER R .. 
CODDE S G., FORET M., PELOUS J .. WOIG IER T. 
Measuremem of the phonon-fracton ross ver in the density 
of states of silica aerogels. 
ZEIT CH RIFT FUER PHYSIK B 79. 1-2 ( 1990). 

90JOI0l3 
JOBI H .. BEEM .. K ERGER J. , PFEIFER H .. CARO J. 
On the translational mobi lity of benzene adsorbed on NaX-type 
zeolites. 
JOUR AL OF THE CHEMICAL SO IETY. HEM ICAL 
COMM I ATIO S 341-342 ( 1990). 

90 EI014 
NELMES R.J.. WILDING .8 .. HATTO P.D .. CAIG AERT 
V .. RAV EAU B .. MCMAHO M .I. , PILTZ R.O. 
Pressure dependence of the truc ture of La-Sr- u-O. 
PHY I A 166, 329-333 ( 1990). 

INTERNAL REPORTS 

159 

90KE1015 
KEE D.A .. HA YES W .. MCGREEVY R.L. 
Structural disorder in AgBr on the approach lo melting. 
JO R AL OF PHYSICS: CO DE SEO MATTER 2, 2773-
2786 ( 1990). 

90CO1016 
CO ELL J.G., RICHARDS R.W. 
Small -angle neutron scanering investigation of phase separation 
kinetics of a diblock copolymer. 
PROGRESS IN COLLOID A D POLYMER SCIE CE 80. 
180- 186 ( 1989). 

90EG1017 
EGELSTAFF P.A .. EDER O.J .. GLAESER W. , POLO J.. 
RENKER B .. SOPER A.K. 
Dynamic-structure-factor measurements on a model Loremz gas. 
PHYSICAL REVIEW A 41 , 1936-1942 (1990). 

90BA1018 
BALL P.C., I ABA A .. MORRISO J.A.. SMALLEY M.Y.. 
THOMAS R.K. 
The librational ground state of monodeuteromethane adsorbed on 
the surface of graphi te. 
JOUR AL OF CHEMICAL PHYSICS 92, 1372- 1385 ( 1990). 

90BRI019 
BEEM .. ELKHAM KH AM I J.. JOBIC H. 
The ev idence for a metastable pha e in norbornadicne: x-ray and 
quasi -elastic neutron scauering studies. 
JOUR AL OF PHYSICS : CONDE SEO MATTER 2. 
1945- 1962 ( 1990). 

90 E1020 
NEWSAM J.M .. CHEETHAM .K .. TOFIELD B.C. 
Stoich iometric si lver beta alumina studied al 25,300 and 500° C 
by powder neutron diffraction. 
JOUR AL OF PHYSICS : CO DE SEO MATTER 2. 
2335-2344 ( 1990). 

90WE102 1 
WELLER M.T .. WONG G. 
Mixed halide soda lites. 
E ROPEAN JOUR AL OF SOLID STATE & I ORGA IC 
CHEM ISTRY 26.619-633 ( 1989). 

90HAI022 
HARIS P.I. . CHAPMA D .. H RRISO R.A.. SMITH K.F .. 
PERKI S S.J. 
Conforn1ational transition between native and reactive center 
cleaved forms of cq -anti trypsin by Fourier transform infrared 
spectroscopy and small-angle neutron scallering. 
BIO HEM ISTRY 29, 1377-1 380 ( 1990). 

90PEI023 
PERKI S S.J .. SMITH K.F.. EALI A.S .. LACHMA P.J .. 
HARR ISO R.A. 
Structural homologie of component 5 of human complement 
with components C3 and C4 by neutron scallering. 
BIO HEMISTRY29, 1175-1180(1990). 

90BEI024 
BEST .P .. FORSYTH J.B. 
Stere chem istry of terva lent aqua ions : low-temperature neutron 
diffraction st ructure of CsFe( O4)2· l 2H2O and 
CsFc(SeO4)2· l 2H2O. 
JOURNAL OF THE CHEM I AL SO IETY: DALTON 
TRAN SA TIONS 395-400 ( 1990). 



PUBLICATIONS 

90PEl025 
PERKINS S.J ., EALIS A .S., SIM R.B. 
Molecular modeling of human complement component C4 and its 
fragments by x-ray and neutron olution scattering. 
BIOCHEMISTRY 29. 1167- 11 75 ( 1990). 

90CO1026 
COSGROVE T. 
Polymers at interfaces. 
CHEMISTRY AND INDUSTRY 45-49 ( 1988). 

90CO1027 
COSGROVE T., FI CH .. VINCE TB .. WEBSTER J. 
The adsorption of random copolymers of vinyl acetate and ethylene 
on surface-modified si lica part icles . 
COLLOIDS & SURFACES 3 1. 33-46 ( 1988). 

90CO1028 
COSGROVE T., MALLAGH L.M .. RYA K., SCHEUTJE S 
J.M.H.M. 
Experimental and theoretical investigations on the structure of 
copolymers at the liquid/liquid interface. 
JOUR AL OF SURFACE SCIE CE & TECH OLOGY 4. 
81-90 ( 1988). 

90CO1029 
COSGROVE T., RYAN K. 
NMR and neutron-scattering studies on poly(ethylene ox ide) 
term inall y attached at the polys tyrene/water interface. 
LA GMUIR 6. 136- 142 ( 1990). 

90RYl030 
RYAN K. 
The post-grafting of polymers to colloidal particles. 
CHEMISTRY A D IND STRY 359-364 ( 1988). 

90CO1031 
COSGROYE T. 
Adsorption of polymers at the solid/so lution interface. 
OLID/LIQUID DI PERSIONS 131- 147 ( 19 7). 

90WII032 
WI TERR .. PILGRIM W.C.A 
SA S study of high pressure phase transitions in model 
biomembranes. 
BERICHTE DER BUNSE GESELLSCHAFT F ER 
PHYS IKALIS HE CHEMIE 93. 708-7 17 ( 1989). 

90SA l033 
SALMO P.S., BELLISSENT-FUNEL M.C.. HERDMA G.J . 
The dynamics of aqueous zn2+ solutions : a study using incoherent 
qua i-ela tic neutron cattering. 
JOURNAL OF PHYSICS : CO DE SEO MATTER 2. 
4297-4309 ( 1990). 

90PRI034 
PRAGER M ., PRESS W. 
High reso lution neutron scattering study of rotati onal exc itations in 
mixed (CH4) l -c<CD4)c systems. 
JOUR AL OF CHEMICAL PHYSICS 92, 55 17-5526 ( 1990). 

90SE 1035 
SEEHAFER S .. LAMPARTER P., STEEB S. 
X-ray- and neutron-diffracti on studies with qua. icrystall ine and 
amorphous AI-V- and Al-Mn-a lloys. 
ZEITSCHR IFT FUER ATURFORSCHU GA 45. 627-638 
( 1990). 

INTERNAL REPORTS 

160 

90BA1036 
BAUER E .. KOHLMA J .. W I ZER K .. GIG OUX D .. 
SCHMITT D. 
Formation of a heavy ferm ion tate in Ce(CuxGa l -xl5 (0.8:5x:5 I .0). 
PHYSICA B 163, 686-688 ( 1990). 

90BA1037 
BERRY F.J ., SARSON M.I. , TEJADA J. , LABARTA A., 
RODRIGUEZ R., OBRADORS X. 
Spin glass-type behavior in iron antimonate: the identification of 
unusual phenomena at low temperatures in low magnetic fields. 
JOUR AL OF SOLID STATE CHEMlSTRY 87. 237-240 ( 1990). 

90REI038 
RE AUDIN J .. FEREY G .. KOZAK A . DE. SAMOUEL M . 

The magnetic trucrure of ferrimagnet aCu3F7. 
JOUR AL OF MAG ETISM A D MAG ETIC MATERIALS 
87, 57-62 ( 1990). 

90BA1039 
BACO G.E. 
The dependence of human bone tex ture on life ·tyle. 
PROCEED! GS OF THE ROYAL SOCIETY OF LO DO B 

240. 363-370 ( 1990). 

90RA1040 
RAZAFITIA AMAH A RA VO A .. COULOMB J.P .. CROSET B .. 
DUPONT-PA VLOVSK Y N. 
Thermodynamica l and structu ra l characteri zati on of a krypton­
cyc lohexane film on graphite. 
I ·GAS SEPARATIO T E H OLOGY·. E.F. VANSA T. R. 
DEWOLFS EDS. (ELSEV IER SCIENCE P BL. ). 67-73. 

90AL1041 
ALLEN A.J ., BASTON A.H .. BOURKE P.J .. J FFERIES .L. 
The applica tion of small-angle neutron scattering to the study of 
mass transfer in clays. 
REPORT HARW ELL MPB/N BS 367. 

90CE l042 
CEBULA D.J .. MCCL EM E TS D.J .. POVEY M.J .W. 
Small angle neut ron scattering from voids in crystalline trilaurin. 
JOUR AL OF TH E AM ERI A OIL HEM I TS ' SO IETY 
67. 76-78 ( 1990). 

90STI043 
TIRLI G W.G .. GL YDE H.R. 

Temperature dependence of the phonon and roton exc itati ons in 
liquid 4He. 

PHYSICAL REVIEW B 4 1, 4224-4239 ( 1990). 

90CH1044 
CHATTOPADHYAYT., LOEH EYSE H.V., TRAPPMA 
T .. LOEWENHAUPT M . 

Long-range antiferromagnetic order in CeCu5_5 Auo_5. 
ZEITSCHRIFT FUER PHYSIK B 80. 159- 160 ( 1990). 

90CO1045 
COSGROVE T. . CROWLEY T. L.. MA LLAGH L.M .. RYA K .. 
WEBSTER J. 
The determinati on of the structure of block copolymers ai 

interfaces using small-angle neutron scattering. 
AMERICA CHEM ICAL SOCIETY, POLYMER PREPRI TS 
30. 370-37 1 ( 1989). 



PUBLICATIONS 

90H 1046 
HUTCHINGS M.T. . HIPPSLEY C.A .. RAINEY Y. 
Neutron diffraction measurement of the stress field during fatigue 
cycling of a cracked tc t pecimen. 
REPORT MBD BS/368 ( 1989 ). 

90MCl047 
MCMAHO M.I.. ELMES R.J .. PILTZ R.O .. KUHS W.F. 
Pos ible disorder of the P atom in KD2PO4. 
EUROPHYSICS LETTERS 13. 143- 148 ( 1990). 

90AB1048 
ABOLFATHI E .. WEBSTER P.J .. SWALLOWE G.M .. MODLE 
G.F .. ASCOUGH J .. LOW K.S . 
Residual stresses in chains: compari son of neutron diffraction and 
finite element result s. 
MATERIALS SC IE CE AND TECH OLOGY 6. 
575-578 ( 1990). 

90GOI049 
GOY AL R .. FITCH A . .. JOB IC H. 
The location of adsorbed pyridine in sod ium-Y zeolitc. 
JOUR AL OF TH E CHEMICAL SOCIETY . CHEMICAL 
COMM ICATIO S 1152- 1153 ( 1990). 

90CAI050 
CAREL C .. GA V ARRI J .R. 
Struclll ra l evolution study of substituted wiistite • 
Fe 1-z-y (Ca. MglyO. 
JOUR AL OF PHYSICS A D CHEMISTRY OF SOLIDS 9. 
I 13 1- 1 136 ( 1990). 

90811051 
BIE F IT M .. G Y J.M .. ZEPPE FELD P. 
Surface melting of thin films of methane. 
V CUUM4 1. l -3( 1990). 

90LE1052 
LE ROY J .. CR ETTEZ J.M .. COQUET E .. BOUILLOT J. 
Structure of lithium iodate - iodic acid solid solution 
Li 1-xHx 103 (x = 0.33). 
SOLID STATE COMM U I ATIO S 75. 539-543 ( 1990). 

90CHl053 
CHAILLO TC. . HE 1A A J.. HEO G S.W .. FISK Z .. 
MAREZIO M .. MOROS I B .. SCHIRBER J.E. 
Two-phase structural refinement of La2 uO4.032 at 15 K. 
PHYS I CA C 170. 87-94 ( 1990). 

90HO1054 
HOL TZSCHERER C.. CA DAU F .. OTT WILL R.H. 
A small -angle neutron scattering study on AOT/toluene/(watcr + 
acrylamide) mice llar solutions. 
PROGRESS IN COLLOID A D POLYMER SCIE CE 81. 
8 1-86 ( 1990). 

90M11055 
MIDDE DORFH .D .. CAVATORTAF .. DER I A . 
Small-angle neutron scattering from polysaccharide ge ls. 
PROGRESS I COLLOID AND POLYMER SCIE CE 81 , 
274 ( 1990). 

90PL1056 
PLUMIER R .. SOUGI M . 

eut ron diffract ion study of the fc1TOmagnetic spine! 

LiZno_5Mn 1 _504. 
PHYSICA B 165 & 166. 225-226 ( 1990). 

INTERNAL REPORTS 

161 

90STl057 
TIRLING W.G. 

Multiphonon sca ttering from superlluid 4Helium. 
PHYSICA B 165 & 166, 50 1-502 ( 1990). 

90RO1058 
ROSSEi SKY M., PRASSIDES K. 
Magnetic order in the (La.Pr.Sr)2CuO4 system acros the T'- O 
phase transition. 
PHYSICA B 165 & 166. I 187-11 88 ( 1990). 

90LH1059 
LHERSO EAU G .. PFEfFFER B .. KRATZ K.L.. OHM H .. 
SISTEM ICH K., BRANT S. , PAAR V. 
Struclllre of the N=59 nucleus 97sr: coexistence of spherical and 
deformed states. 
ZEITSCHRIFT FUER PHYSIK A 337. 149- 159 ( 1990). 

90811060 
BIE FAIT M ., ZEPPENFELD P .. GAY J.M .. PALMARI J.P. 
Surface melting on the close-packed ( 111 ) face of methane thin 
films condensed on graphite. 
SURFACE SCIE CE 226. 327-338 ( 1990). 

90 EI06J 
NELMES R.J .. PILTZ R.O .. KUHS W.F., TU Z., RESTORI R. 
Order-disorder behaviour in the transition of PbTiO3. 
FERROELECTRICS 108. 165- 170 ( 1990). 

90801062 
BOOTLE G.A.. LYE J.E .. OTTEWILL R.H. 

cattering studies of the morphology of copolymer colloidal 
particles. 
MAKROMOLEKULARE CHEMI E. MA ROMOLECULAR 

YMPOSIA 35/36, 29 1-305 ( 1990). 

90FOI063 
FOR YTH J.B. , WILKINSON C.. PASTER S. 
Magneti sm in ludlamite, Fc3( PO4)2·4H2O. 
JOUR L OF PHYSIC : CO DE SEO M TIER 2. 

838 1-8390 ( 1990). 

90PI 1064 
PILTZ R.O .. MCMAHO M.I.. ELMES R.J . 

eut ron-di ffraction sllldies of the geometric isotope effect in H­
ordcring transitions. 
FERROELECTRICS 108. 27 1-276 ( 1990) . 

90MCJ065 
M MAHON M.I. , PILTZ R.O .. NELMES R.J . 

cutron-diffraction sllldies of the relationship between Tc and H­
bond dimensions in H-ordering transitions. 
FERROELECTRICS 108. 277-282 ( 1990). 

90F11067 
FI K D. 
Surface prec ipitation of natural and ion-implanted lithium and 
boron in metals. 
M ATERI ALS SCIE CE AND E GINEERI GA 115, 89-95 
( 1989). 

90Fll068 
FI K D .. TJA K .. DAS ILVA M .F .. SOAREZ J.C. 
Light impurities in ox id izing metal fo i ls. 
MATERI ALS SCIE CEA DE GINEERI GA 125. 
235-240 ( 1990). 



PUBLICATIONS 

90F11069 
FI K D .. TJA K., BIERSACK J.P., WA G L.. MAY. 
Lithium implantation profiles in metals and semiconductor . 
RADIATIO EFFECTS AND DEFECTS I SOLIDS 108, 
27-44 ( 1989). 

90Fll070 
Fl K D., BIERSACK J.P., SCHOELCH H.P. , WEISER M. , 
KALB ITZER S., BEHAR M., DE SOUZA J.P .. ZAWISLAK F.C.. 
MAZZONE A .M ., KRA Z H. 
5 keV to 2 MeV lithium implantation and di ffusion in amorphous 
ilicon. 

RADIATIO EFFECTS A D DEFECTS I SOLID 108. 
I 85-203 ( I 989). 

90Fl1071 
FI K D .. TJA K ., WA G L. 
On the thermal mobil ity of lithium in metals and semiconductors. 
RADIATIO EFFE TS A D DEFECTS I SOLIDS 11 4. 
21-50( 1990). 

90 1072 
SUCK J.B. 
A tomic dynamics of ico ahedral alloys. 
I ·PHO O 89 ', . HU KLI GER. W. LUDWIG. G. WEISS 
EDS. (WORLD SCIE TIFI P BL. CO .. 1990). 397-406. 

90 Hl073 
CHEVRIER J .. U K J.B .. LASJ AU IAS J.C.. CA PPO I J.J .. 
PERROUX M. 
Metastable high pressure quenched fee A l-Si solid solution. 
IN ' PHONONS 89', S. HVNKLINGER, W. LU DWIG. G. WEISS 
EDS. (WORLD SCIENTIFIC PUBL. CO .. 1990). 564-565. 

90SU I074 
SUCK J.B., GUE THERODT H.J. 
Icosahedra l. glassy and cry tall ized Al75Cu I 5 VI o: A comparati ve 
study of their generalized vibra tional density of states. 
IN ' PHO O S 89', S. HU KLI GER. W. L UDWIG. G. WEI S 
EDS. (WORLD SCIE T IFIC P BL. CO .. 1990). 573-575. 

90SWI075 
SWALLOWE G.M .. PERRI R .. CHAR LEY T .. PARRY D.J .. 
WEBSTER P.J .. MILLS G .. LOW K .S. 
Warbl e in carill on bells: An investigation using neutron di ffrac tion. 
APPLIED ACO STICS 30. 267-278 ( 1990). 

90MC I076 
MCMAHO M .I.. ELMES R.J .. KUHS W.F .. DORWARTH R .. 
PILTZ R.O., TU Z. 
Geometric effects of deuterati on on hydrogen-ordering phase 
transitions. 
NATURE 348, 317-319 ( 1990). 

90WE1077 
WEBSTER P.J ., LOW K.S .. MILLS G .. WEBSTER G.A. 
Neutron measurement of residual stresses in a used railway rail. 
MATERI AL RESEARCH O IETY SYMPOSIUM 
PROCEEDINGS 166, 3 11 -3 16 ( 1990). 

90LEJ078 
TROIVE L. . KA RLSSO L.. AESSTROEM M .. WEBSTER 
P.J. , LOW K.S. 
Finite element . imulati ons of the bending of a flat plate 10 U­
shaped beam cross-section and the welding to rectangular hollow 
cros -section and neut ron diffrac tion determination of re. idual 
sires. es. 

INTERNAL REPORTS 

162 

I ' RECE T TREND I WELD! G SCLE CE A D 
TECH OLOG Y ' , TWR "89 (ASM I TER ATIO A L. 1990). 
I 07- 111. 

90ATl 079 
ATTFIELD J.P .. BATTLE P.O .. CHEETHAM A .K., JOH SO 

D.C. 

Magnetic structures and properties of cx-CrPO4 and cx-CrAsO4. 
INORGAN IC CHEMISTRY 28. 1207- 12 13 ( 1990). 

90AT l080 
ATTFrELD J.P. 
Ferromagnetic exchange in ex-manganese molybdate and the 

structural consequences. 

JOUR AL OF PHYSICS : ONDE SEO M ATTER 2. 
6999-7007 ( 1990). 

90WEJ081 
WEBSTER P.J . 
The neut ron stra in scanner: A new analytica l too l for engineers. 

STEEL TIM ES 218. 32 1-323 ( 1990). 

90WE 1082 
WEBSTER G.A.. BOURKE M .A.M .. MCGILLIVRAY H.J .. 
WEB TER P.J ., LOW K . .. CA ON D.F. . ALLE R.J . 

Measurement of resid ual stresses in railway rai ls. 

I • I TER ATIO A L CO FERE CE O RESIDUAL 
STRE SES·. ICRS2. G. BE K. S. DE IS. A. SIMO ED 

(ELSEVIER CIENCE PUBL.. 1989). 203-208. 

90BO1083 
BOURKE M.A.M .. SMITH D.J .. WEBSTER G.A.. WEBSTER P.J . 

eut ron di ffrac tion measurements of residual stresses in plastically 
deformed cracked beams. 

I ' PROCEEDI GS OF THE I TH INTER ATIO AL 
co FERE CEO EXPERIMENTAL MECHA 1cs· 3, 

11 98- 1206. 

90SM I084 
SM ITH D.J .. LEGGATT R.H .. WEBSTER G.A. . M CGILLIVRAY 

H.J .. WEBSTER P.J .. MILLS G. 
eutron diffraction measurements of res idual stress and plastic 

deformation in an al uminium alloy we ld. 

JOUR AL OF STRAIN AN ALYSIS 23, 20 1-2 11 ( 1988). 

90BE1085 
BEST S.P .. FORSYTH J.B. 
Low-temperature neutron-d i ffraction structure of [Ru(OH2)6J3+ in 

the cae ium sulphate alum lattice C Ru[SO4h· 12H2O. 
JOUR AL OFCHEMI L SOCIETY. DA LTO 

TRA SACTIO S 3507-35 1 I ( 1990). 

90Fl1086 
FI EY J.L.. TURNER J. 

eutron scattering studies of molec ular hydration in so lution. 

ELECTRO HIM ICA ACTA 33. I1 83- 1190 ( 1988) . 

90KA l087 
KAM ITAKAHARA W .A.. BISWAS R., BOUCHARD A. M .. 

GOMPF F .. S CK J.B. 
Vibrational spectra for hydrogenated amorphous semiconductors. 
MATERI ALS RE EARCH O IETY SYMPOSI M 
PROCEED I G 166. 36 1-366 ( 1990). 



PUBLICATIONS 

90CUI088 
CUSACK S .. DOSTER W. 
Temperature dependence of the low frequency dynamics of 
myoglobin. Measurement of the vibrational frequency distribution 
by inela tic neutron scattering. 
BIOPHYSICALJO R AL 58. 243-25 1 ( 1990). 

90SU1089 
SUCK J.B. 

ome results from recent experimental investigations of the 
structure of alloys with non-crystallographic point symmetries. 
I ·BASICFEAT RESOFTHEGLASSYSTATE". J. 
COLMENERO, A. ALEGRIA EDS. (WORLD CIE TIFIC 
PUBL. CO .. 1990). 4 1-56. 

90JOI090 
JOBIC H. 
Detem1ination of the average kinetic energy of methane in 

aZSM -5 zeolite by neutron inelastic scattering. 
CHEMICAL PHYSICS LETTERS J 70. 2 I 7-222 ( 1990). 

90CO1091 
0 LOMBEA C.. JOBIC H. 
eutron inelastic scaltering stud y of the vibrati onal modes or 

aziridine and cyc lopropanc. 
JOURNAL OF MOLECULAR STRUCTURE 216. 
16 1- 170 ( 1990). 

90COJ092 
COSGROVET. 
Vo lume-fraction profiles of adsorbed polymers. 
JOUR AL OF THE CHEM ICAL SOCIETY.FARADAY 
TRA SA T ION 86, 1323- 1332 ( 1990). 

90 01093 
0 GROVE T .. FI CH .. WEBSTER J. 

Monte Carlo simulations of adsorbed random copolymers. 
MA ROMOLECULES 23. 3353-3357 ( 1990). 

90CO1094 
0 GROVE T .. FI CH .. WEBSTER J. 
uclear magnetic resonance. small-angle neutron scaltering and 

Monte Carlo studies of adsorbed random copolymers. 
COLLOIDS AND SURFACES 45. 377-389 ( 1990). 

90 01095 
COSGROVE T., ROWLEY T .L.. RYA K .. WEBSTER J. 
The effects of solvency on the structure of an adsorbed pol ymer 
layer and dispersion stabi lity. 
COLLOIDS A D S RF ACES 51 , 255-269 ( 1990). 

90HOI096 
HOWARD C.J ., KISI E.H. ROBERTS R.B .. HILL R.J . 

eut ron diffraction studies of phase transfomrntions between 
tetragonal and orthorhombic zirconia in magnesia-partially-
tabili zed zirconia. 

JO R AL OF THE AMERICA CERAM IC SOCIETY 73. 
2828-2833 ( 1990). 

90HA1097 
HAUSS T .. GRZESIEK S .. OTTO H., WESTERHA USEN J., 
HEYN M.P. 
Transmembrane location of retinal in baeteriorhodopsin by neutron 
diffraction. 
BIOCHEM ISTRY 29,4904-49 13 ( 1990). 

INTERNAL REPORTS 

163 

90WE1098 
WELLER M.T .. WO G G .. ADAMSO C.L.. DODD S.M .. 
ROE J.J .B 
Intracage reactions in sodalites. 
JOUR AL OF THE CHEM ICAL SO IETY. DALTO 
TRA SACTIO S 593-597 ( 1990). 

90CU1099 
CURRIE D.B .. WELLER M.T. 
Structure and elect ronic properties of lithium doped Ln2CuO4 
(Ln = d, Gd). 
MATERIALS RESEARCH BULLETIN 24. 1155-1162 ( 1989). 

90CU1100 
CURRIE D.B. , WELLER M.T .. ROWLES S .. GREGORY D.H. 
Oxygen distributi on and the structure of La2-x BaxSrCu2O6±6 
(O<x<0.25). 
MATERIALS RESEARCH B LLETI 25. 1279-1286 ( 1990). 

90GR1101 
GRASMEDER J.R., WELLER M .T. 
Structure and oxygen stoichiometry in Ln2-xSr1+xCu2O6-y 
(Ln = La. d. Sm) phases. 
JOURNAL OF SOLID STATE CHEM ISTRY 85, 88-99 ( 1990). 

90FO1102 
FORGA E.M .. RAINFORD B.D .. LEE S.L.. ABELL J.S .. BI Y. 
The magnetic tructure of CeA l2 is a non-chi ra l spiral. 
JOUR AL OF PHYS I S: CO DE SEO MATTER 2. 
10211-102 16 ( 1990). 

90TE1103 
TEIXEIRA J .. BELLISSENT-FUNEL M . .. CHEN .H. 
Dynamic · of water studied by neu tron scauering. 
JOUR AL OF PHYS! : 0 DENS ED MA TIER 2. 
SA I 05-SA I 08 ( 1990). 

90NE1104 
EILSO G.W. 

The structure of ions in solution. 
JOURNAL OF PHYSI : CO DE ED MATTER 2, 
SA 147-SA 150 ( 1990). 

90CA1105 
CAVAG ATD.,LAS EGUES J.C. 
Quas ielastic neutron scalteri ng study of acidic solutions. 
JOUR AL OF PHYSI S: CON DENSED MATTER 2. 
SA 189-SA 193 ( 1990). 

90PE1106 
PE FOLD I.T.. SALMON P.S. 
A neutron diffracti on study on the structure of molten GeSe2: 
the Ge coordination environment. 
JOURNAL OF PHYSI S: CONDENSED MATTER 2. 
SA233-SA237 ( 1990). 

90PL1107 
PLUMlER R., SOUGI M. 
Ferromagnetism in the oxygen spinet LiZno.sMn 1.504. 
JOURNAL OF MAG ETISM A D MAG ETIC MATERIALS 
83. 311-312 (1990). 

90Jlll08 
JINDAL V.K .. KALUS J., SCHMELZER U .. WOERLE F.. 
ECKOLDG. 
Phonon dispersion in a deuterated 2.3-dimethylnaphthalene crysta l 
at 123 K. 
IN 'PHO ONS 89· . . HU KLI GER. W. LUDWIG. G. WEI 
EDS. (WORLD SCIENTIFIC PUBL. CO .. 1990). 43-45. 



PUBLICATIONS 

90Wlll09 
WINTER R., HENSEL F. 

Structure of expanded flui d metals. 

PHYSICS A D CHEMISTRY OF LIQ UIDS 20, 1- 15 ( 1989). 

90PE1110 
PERKINS S.J., SMITH K.F. , NEALIS A.S. 

Molecular modelling strateg ies in application to complement. 

BIOCHEMICAL SOCIETY TRANSACTIONS 18, 
I 151 - 1 154 ( 1990). 

90PRI 111 
PERKI S S.J ., SMITH K.F .. AMATAYAKUL S., ASHFORD D., 

RADEMACHER T.W., DWEK R.A. , LACHMA P.J., 

HARRISO R.A. 

Two-domain tructure of the native and reactive cemre cleaved 

forms of C I inhibitor of human complement by neutron scatte ring. 

JOURNAL OF MOLECULAR BIOLOGY 214, 751 -763 ( 1990). 

90GA1112 
GA V ARR! J .R .. CAREL C. 

Structura l evolution, thermal expansion anomaly and the Grlinei. en 

constants of the superconductor YB a2Cu307. 

PHYS I CA C 166, 323-328 ( 1990). 

90GA1113 
GARNIER P., MOREA U J., GAVARR1 J.R. 

Analyse de Rietve ld de la structure de Pb 1-x Ti xO I +x par 

diffraction des neutrons. 

MATERIALS RESEARCH BULLET! 25. 979-986 ( 1990). 

90REU14 
RENKER B .. GOMPF F .. GERI G E., EWERT D. 

Observation of phonon shi fts in Bi2Sr2Ca 1-x Y xCu2O8 and re lated 

high temperature uperconductors. 

PHYSJCA C 162-164. 462-463 ( 1989). 

90Wllll5 
WI TER R., BODE STEINERT. 

Neutron-scattering experiments at high temperatures and pressures. 

HIGH PRESSURE RESEARCH l , 23-37 ( 1988). 

90Ll1116 
LI J.C. , BENHAM M.J. , HOWE L.D .. ROSS D.K. 

Small angle neutron scattering studies of water in a porous solid : 

advantages of the contrast vari ation technique. 

l STITUTE OF PHYSICS CONFERE CE SERIES IOI , 

155- 170 ( 1990). 

90ALl117 
ALBERS P.W .. SICKING G .H. , ROSS D.K . 

The use of neutron ine lastic scattering and hydrogen isotope 

exchange to investigate the natu re of sites occupied by hydrogen in 

TiMn1.5. 

JOUR AL OF PHYSICS : 0 DE SED MA TIER I . 

6025-6037 ( 1989). 

90BU1118 
BUCKI GHAM A.D., WILLIAMS J.H . 

An apparatus for quantitati ve measurements of the optical Kerr 

effect. 

JOURNAL OF PHYSICS E 22. 790-792 ( I 989) . 

INTERNAL REPORTS 

164 

90L01119 
LOIDL A. 

Orientational glas es. 

A UAL REV IEW OF PHYSICA L CHEMISTRY 40, 
29-60 ( 1989). 



AUTHOR INDEX 

Author Index AOUIZERAT-ELARBY A. 90CA483 BEDA A.G. 90BE242 
APPELL J. 90MA3I6 90BE467 
ARAFA W. 90MA303 BEEM. 90LE175 

Pu blications ARLAUD G.J . 90ZA486 90DE457 
and Internal Reports 1990 ARMBRUSTER P. 90BE202 90GI1009 

ARMONY J.L. 90AR396 90CA10I0 
ABELLJ.S. 90FO l 14 ASCOUGH J. 90ABl048 90101013 

90MC214 ASGHAR M. 9080108 90BRl0I9 
90FO1 102 90MA303 BEGUIN F. 90GO I09 

ABELLO L. 90DE457 ASHDOW S. 90ASl87 90BE444 
ABOLFATHI E. 90AB 1048 90LI503 BEHAR M. 90FI 186 
ABRIEL W. 90ABl49 ASHFORD D. 90PRI 111 90FI 1070 
ACHAR YA D.R . 90AC422 ASHLEY .S. 90 C25 I BEILLE J. 90CYl99 
ACKERSON B.J. 90YA230 ATTFIELD J.P. 90ATI079 BELIN C. 90Tl349 
ADAMSO C.L. 90WEl098 90ATl080 BELLAMY K.A. 90F0379 
ADELMA P. 90RE342 AUDEC.A. 90ZA486 BELLI SS ENT-FU EL M.C. 90SA 1033 

90GO388 AUDIER M. 90JA 134 90TE I 103 
ADYAA.K. 90AD455 AUDOUARD P. 90MA303 BELOZEROV A.V. 90BE467 

90AD477 AUFFRET 90AU305 BELTRA A. 90SA243 
AEPPLI G. 90HA2 1 I BABEL D. 90LE440 BELTRAN D. 90SA243 

90HA38I BACO G.E. 90BAl039 BEL TRA -PORTER D. 90GA 165 
AGERON P. 90AG19T BAFILE U. 90BA355 BENETT! P. 90BAl03 

90SM179 
BALDACCI G. 90BA485 BENHAM M.J . 90COl 19 AHSBAHS H. 90AH479 
BALDO-CEOLI M. 908A 103 90LII I I6 AL USTA K. 90AL256 
BALIBAR S. 90GR402 BERGERSEN B. 90GI245 AL-HAJRY A. 90ALl45 
BALL P.C. 90BAl018 90Gl500 AL-HAY ALEE Y. 90F0379 

ALAR IO-FRANCO M.A. 90AM 154 
BALOG K. 90GR234 BERK N.F. 90A 318 

ALBA M. 90PA338 
BARHAM P.J . 90SAI005 BERMEJO F.J. 90BE l 05 

90PE400 90SAl006 90BEl9I 

ALBERS J. 90CU309 90SAl007 90BE273 

ALBERS P.W. 90AL I 117 
BAR ES A.C. 90EN 148 90BE373 

ALBERT I G. 90CH358 
BARNES P. 90P027 I BERNAS M. 90BE202 

ALEGR IA A. 90CO4 10 BARNES R.G . 90A 318 BERRUYER J. 90AN08T 

ALEKSEEV P.A. 90AL385 BAROCCH I F. 90BA355 90A 272 

ALKAN H. 90HJ295 BARREAU G. 90HOI07 BERRY F.J. 9008270 

ALLAN M. 90MAl88 90MA303 90BAl037 

ALLEN A.J. 90ALl041 BARTHES M. 90BA351 BERTAG OLLI H. 90BE484 

ALLEN R.J . 90WE1082 BARTOLOME J. 90W0363 BEST S.P. 90BEl024 

ALLENSPACH P. 90ME357 BARTSCH E. 90BAl32 90BEl085 

90AL458 BARUCHELJ . 90BR224 BEUNEU B. 90BE474 

90ME496 90DU328 BEWERSDORFF H.W. 90Ll292 

ALLM A J.M. 90R l232 90GU336 BHARGA YA S.C. 90DO41 1 

ALMAIRAC R. 90BA351 BASSAS J. 9008270 BI Y. 90FOl I02 

ALONSO J.A. 90BE19 I BASSAS-ALSI A J. 90PA260 BIENFAIT M. 9081105 1 

90AL36 1 BASSEREA P. 90MA3 16 90811060 

90AL4I6 BASTO A.H. 90ALI04I BfERSACK J.P. 90FI 186 

90GR436 BATALLA F. 90BE105 90FJ 1069 

90AL447 90 1130 90FI 1070 

90ME494 90BEl91 BISWAS R. 90KAI087 
AMADOR J. 90AL361 90BE273 BITTER T. 90BAI03 
AMADOR U. 90AMl54 90BE373 BLANK D.H.A . 90FR408 
AMATAYAKULS. 90PRI 111 BATLLE X. 90BA435 BLA K H. 90FUI 18 
ANDERSE E.K. 90CH358 90GR436 90ECl50 
ANDERSEN I.G.K. 90CH358 90AL447 901N 163 
A DERSO I. S. 90CO119 90ME494 90GU353 

90AN318 BATLOGG B. 90CAl56 90ME357 
ANGLADA M. 901S452 BATTLE P.O. 90ATl079 90AL458 
ANLAUF S. 90Wll28 BAUER E. 90Gl26I BLANQUET S. 90DEl89 
A NEM. 90AN43I 908A 1036 BLOENNIGEN A . 90ST262 
A TONIADIS A. 90A OST BAUMA J. 90BA29I BOAT ER L.A. 90PA330 

90CAl3T BAUTISTA M.T. 90ECI50 BOBIS T F. 90BAI03 
90A 272 BAYERL T.M . 90BA504 BOCQUET J.F. 90LU327 

165 



BOCQUET J.P. 

BODE STEINERT. 

BOE IP. 
BOERNER H.G. 

BOLLOT J.P. 
BOISSI EU M. DE 

BOLLE .K. 

BONDARENKO L.N. 

BO 
BO 
BO ET M. 
BOOTLEG.A. 
BORDET P. 

BOTTS. 
BOUCHARD A.M. 
BOUCHER B. 
BOUCHER J.P. 
BOUCHER LE J.W. 
BOUCHIAT H. 
BOUDJADA 
BOUILLOT J. 
BOURKE M.A.M. 

BOURKE P.J . 
BOWLEY R.M. 

BOYSE H. 

BRADACZEK H. 
BRAGANZA L.F. 

BRAMWELL .T. 

BRISSOT R. 

BROADBE T R.D. 
BRO KER C. 

AUTHOR INDEX 

9080108 BROKMEIER H.G. 
90BE202 

90MA303 BROOKS M.S.S. 
90801 42 

90WII 115 BROW K. 
9080376 BROW P.J. 
90JA04T 
90HOI07 
90HO2 I0 
90KA266 
9080420 
9080424 
9010425 

90CHl 4I 
90JA 133 
90JA 134 

9080147 
90D0264 
90 389 
9080281 

90WH283 BRUCE A.M. 
90BE242 BRU 1-1 L.W. 
90BE467 
9080255 BRUECKEL T. 
90BRl80 
90HOI 22 

90801062 BR SETTI R. 
9080 124 BR O A. 
90801 98 
90HE3l2 BUCHE AU U. 

90MA l 88 BUCKI GHAM A.D. 
90KAI087 BUCKLEY A.M. 

90801 44 
90BOI0I I BUELDT G. 
90RO313 BU EA.Y. 
90CA268 BU GE H.J . 
90AN43 I BURKEL E. 

90LE1052 BURLET P. 
90WEl082 
90801083 
90AL104I BUROY S.I. 
90GR306 
90GR402 CABA AS M.Y. 
90MA227 
90FR46 I CABA E B. 
90SC49I CABA E. 
90LA4I5 CACELLES A. 
90BR296 CAIG AERT V. 
90BR372 
90B 219 
90BR300 CALDES M.T. 
90B 493 CALEMCZ K R. 
90BR 196 CALLIGARICH E. 

90LH1 059 
90SC203 CA ON D.F. 
90S 25 1 
90BOI08 
90BE202 

90MA303 
90 E454 CA TU L. 
90BR09T CAPELLMA H. 
90BR224 

166 

90BR4 l 3 CAPPO I J.J . 
90HE497 

90WUl26 
90LA337 
90GO252 
90BR0IT CAREL C. 
90WU l 26 
90MAl 39 
90FO l46 CARI I G. 
90CHl 67 CARLILE .J . 
90RA178 CARMO A P. 
90BR 190 CARO J. 
90BR240 CARPE TIER L. 
90BR24 I 
90TH265 CARR ERA M. 
90CA268 ASA -PASTOR 
90LA337 CA PARY R. 
90CH344 C STAI GB. 
90BR4 I8 CASTE R.F. 
90FO44I 
90H02 I0 
90HAI0I 
90FR398 CASTETS 
90SC I 11 CAU DRON R. 
90BR207 CA VA R.J . 

90MA380 
90BRl 80 CAVAG AT D. 
90JA l 93 CAYAILLEJ.Y. 
90S l406 CAYATORTA F. 

90RE391 CEBOLLAD A. 
90B 1118 CEB LA D.J. 
90B 219 CERRI A. 
90BU493 CHABRE Y. 
90PA323 CHAHID A. 
90YE502 
90BR4l3 CHA I SA-ARD 
90DO401 
90R02 I 2 CHA ILLO T C. 
90R03l 3 
90BU427 
90BE242 CHALKER J.T. 
90BE467 
90BA435 CHAMI ADE J.P. 
90 A448 
9010293 CHAPMA D. 

90CA 13T CHAPUT F. 
90CA 18T CHAR LEY T. 
90Ml259 CHARVOLIN J. 
90PA260 

90 El0I4 
90F 449 
90BR l 80 
90BAl03 

90HO1054 
90WE1082 CHATTOPADHYAY T. 

90ME237 
90WH279 
90BO28 I 

9080 124 
90BOl 98 
90HE312 
90Dl3I4 

90CHl073 
90GA475 

90CA 1050 
90GAI 112 

90CA l43 
90BO281 
90CA483 
90101 013 
90GI 1009 

90CA 1010 
90CA448 
90FU3 17 
90K 169 
9080255 
90HO1 07 
90HO2l0 
90KA266 
90BO420 
90 A03G 
90CA268 
90CA l56 
90BOl 98 

90CA 1105 
90MAl84 
90M l 1055 
90RE374 

90CEI042 
90CE250 
90PA442 
90LU327 
90LU45 I 
90B028I 

90WH283 
90BOl 24 
90HE3 I2 

90CHI053 
90CH468 
90CH469 
90R0320 
90RO345 

90HA1 022 
90CHl4 1 

90SWl 075 
90CHl 37 
90GU20 1 
90 H235 
90 H288 
90CH470 
90CH471 
90SA472 
90 H25T 
90CH27T 
90MA l 39 
90CH 167 
90CH 176 
90TH265 
90CH344 
90FJ360 



AUTHOR INDEX 

90CH 1044 90COI092 90DU346 
CHEETHAM A.K. 90NE I020 90CO I093 90DE37 I 

90AT I079 90CO I094 DERA GOP. 90BOI24 
CHE S.H . 90TE I 103 90CO I095 DE SO ZA J.P. 90Fl 1070 
CHE AVAS J. 9080124 COULOMB J.P. 90RA274 DEGIORG IO V. 90CA299 

90HE3I2 90RA 1040 DEHAES J.C. 90HO2I0 
90CHI053 COULOMBEAU C. 90CO1091 DEHAUDT P. 90RE I 95 

CHEONG S.W. 90HA21 l COURTE SE. 90VA277 90CYI99 
90HA38 I 90CO392 90RE490 

90CH I053 90CO I 0 I2 DELZEN E P. 90LE367 
CHERN EN KOV Y. 90BR207 COUZI M. 90R0320 DENCHER N.A. 90PA 323 
CHEVA LI ER Y. 9010293 90RO345 DEN ISON J.R. 90HA IOI 
CHEVRIER J. 90BE474 COWLAM N. 90ALl45 90FR398 

90CHl073 COX D.E. 90MA445 DERI U A. 90MII 055 
CHIEUX P. 90Wl 128 90CH446 DEROLLEZ P. 90DE304 

90BO I44 CRAMP! N. 90SM I79 90DE457 
90DA I92 CRAWFORD R.J. 90BR296 90DE462 
90RA289 90BR372 DESCA MPS M . 90DE304 
90LE30 1 CRETTEZ J.M. 90LEI052 90DE462 
90JA326 CROSET B. 90RA274 DESSEN P. 90DEI 89 

90MA365 90CA483 DEV ALETTE M . 90SO246 
90PR480 90RAI 040 DEVREUX F. 90CH 141 
90CA483 CROWLEYTL 90AC422 DIANOUX A .J . 90JA04T 
90MA33 1 90CO I045 90BEI05 
90BE484 90CO I095 90CA I43 

CH IH ARA H. 901N I 63 CRUS ELLAS M .A. 90CA448 90FOI61 
CHRISTENSEN A.N 90CH302 CURR AT R. 90MU2 I 8 90GU I62 

90CH358 90CU309 90BR I 80 
90CH446 90Dl3 I4 90FA204 
90BE474 90BA35 1 90M l259 

CHROBOCZEK J.A. 90AU305 CURRIE D.B. 90CU I099 90Dl3 I4 
CHUNG R. 90CA268 90CUI 100 90LU327 
CIZEWSKI J.A. 90BO420 CUSACK S. 90DO276 90GU333 
CLAUSEN K.N. 90PA l 77 90CU I088 90GU334 
COCKCROFT J.K. 90LU226 CUSSE L. 90PA330 90BA35 1 

90WE238 CUTRON I M. 90CA I43 90LU45 1 
90PF269 CVIKL B. 90CV I52 90VO506 

90CO464 CYROT M . 90CYI 99 DICAP A E. 90DI432 
CODDE S G. 90VA277 CYROT-LACKMA F. 90CY l 99 DIE Y B. 90RE374 

90C0392 DASILVA M.F. 90FI 1068 DJEBARA M . 90BO108 
90CO I012 DALFOVOF. 90DA285 DMOWSKIW. 90EG248 

COEY J.M.D. 90DO476 DAMAY P. 90DAI 92 DOAN T.P. 90MA303 
COLMENERO J. 90CO4I0 90LE30 I DODDS.M. 90WE I098 
COLVIN G.G. 90H02 10 90PR480 DOEHNER J. 90DUI 29 
COMBERG A. 90SC ! 11 DA ILYAN V. 90BE242 DOLFINI R. 90BAI03 
CONNELL J.G. 90CO I0 I6 90BE467 DO GC. 90DO264 
co RAD H. 90RE391 DARRI ET J. 90LE440 DONIACH S. 90RAl78 
CO VERT P. 90SC49 1 DAUDIN B. 90MA 183 DON ELLY K. 90DO476 

90RA274 90MA 184 DORMA N J.L. 90DO4 I l 
90C0258 90MA366 DOR ER B. 90ST I06 
90ALl45 DAUGER A. 90CH 14 1 90ST I 12 

COOK J.C. 90CO I 19 DAY P. 90JA04T 90BR207 
COOPER A.S. 90HA2 I I 90DA I85 90KA267 
COQUET E. 90LE I052 90MA l 88 90DO322 
CORB ELi s. 90WE238 90B 2 I 9 90D0383 
CORTI M. 90CA299 90KU231 90IV384 
COSGROVE T. 90CO I026 90DA403 90AL385 

90CO I 027 90DA404 90ST386 
90COI028 90DA405 90ST387 
90CO I029 90BU493 90DO40 I 
90CO I03 I DEGRAAF LA. 90BA355 90DO428 
90CO I045 DEKRU IF C.G . 90VA230 DORWARTH R. 90AH479 

167 



DO CH H. 
DOSTER W. 

DOUCOT B. 
DREXEL W. 

DRlSSI S. 
DUBBERS D. 

D BOIS J.M. 

DU BOST B. 

D CRUIX A. 
DUCZMAL M. 
DUDLEY M. 
DUITS M.H.G. 
DUPO T-PAYLOYSKY N. 

DUP Y J. 

DUPZYK R.J . 
DVORAK Y. 
DWEKR.A. 
EBELING H. 
ECKERT J. 
ECKOLDG. 

ECOLIYETC. 
EDER O.J . 
EFFE BERGER H. 
EGAMI ST. 
EGELST AFF P.A. 

EICHHORN G. 
EISENBERG H. 
EISERT F. 
ELOMARI M. 
EL-MUZEIN I P. 
ELKHAMKH AM I J. 
E Cl OE. 

E DERBY J.E. 
E DOH Y. 
E GELHARDT D. 
E GELMAN D.M. 
ERIKSSO 0. 
ESCOFFIER A. 
ESNAULT P. 
ES PINOSA G.P. 
EWE B. 

AUTHOR INDEX 

90MCl076 
90AL256 
90D0276 EWERT D. 

90 U 1088 
90ROl58 
90DRl64 FAK B. 
90DR417 FARAGO B. 
90HO1 07 
90BAI 03 
90DU129 
90DU3 I0 
90DU481 
90DU482 
90JA 133 
90JA 134 

90BO147 
90BRl 96 FAUDO J.C. 
90DU222 FAUST H.R. 
90D0264 
90JA 134 
90 U389 
90DEI89 FAWLER J.F. 
90K 169 FEREY G. 
90DU328 
90DU346 FERNA DEZ F. 
90RA274 

90RA l 040 FER A DEZ M.T. 
90JA326 FER ANDEZ-DI Z M.T. 

90MA365 
90 A483 FETTERS L.J. 
90HOI07 
90CU309 

90PRI 111 
90EB07T 
90EC 150 FETTWEIS P. 
90KU42 I FIGGIS B. . 
9011 I 108 
90RO345 

90EG l017 FIGLARZ M . 
90FO 1003 FILHOL A . 
90EG248 
90Wll 28 

90EGl0I7 
90KU42 1 
90ZA3 I I FILLIO G. 
90BAI03 FINCH N. 
90RE4 I2 
90BAI 03 

90BRl 019 FI K D. 
90BE I05 
90BE l 91 
90BE273 
90E 148 

908010 11 
90MA303 FI EMORE D.K. 
90PO173 FI EY J.L. 

90WUl26 FIORA I D. 
90AG l9T FISCHER K. 
90YO506 FISCHER P. 
90HA21 I 
90Rl104 FISK Z. 
90RI 138 

168 

90RlI66 
90HU253 
90RE342 FITCH A. . 
90GO388 

90REI 114 
90FA204 FJELLVAG H. 
90KA1 25 FLOKSTRA J. 
90R11 38 FLOUQ ET J. 
90R1166 FO TAINE A. 
90SC203 FONTAI EH. 
90FR233 FO TANA A. 
90SC251 FO TANA M.P. 
90HU253 FO TCUBERTA J. 
90FA290 
90SC426 
90FA463 
90JA04T 
90BOl08 
90BE202 
90GR234 FORANO 
90MA303 FORET M. 
90DO476 
90LA439 FORGA E.M. 

90RE1 038 
90ROl 27 FORSYTH J.B. 
90AL447 
90AL447 
90ROl27 
90Dl314 

90LA102 
90RI 138 
90Rll 66 

90HU253 
90FR409 
90H02 I0 FORSYTH Y.T. 

90FI 160 
90BR240 FOUBERT J. 
90BR24 1 FOU TAI LE. 
90A 431 FO R ADE B. 
90LA05T 
90AN08T FO R A DOT G. 
90CA 13T FOUR ES L. 
90LE28T FOWLER M. 
90A 272 FRA K Y.L.P. 
90RE374 

90COI027 
90COl093 
90COl094 

90FI 186 
90FI 1067 
90Fll 068 
90FII069 
90Fl1 070 
90FI 1071 
90CHl 76 FREIMUTH H. 
90Fl1 086 FREY F. 
90DO4I I 
90TH265 
90HE220 FRICK B. 
90HE489 
90SEl3 1 

90HA2 I I 

90HA381 
90CHl 053 
90WE238 
90CO464 

90GO1049 
90FJ360 

90FR408 
90RE2 16 
90ME494 
90DE304 
90FOl 61 
90FOl61 
90FU3 17 
90BA435 
90AL447 
90CA448 
90FU449 
90ME494 
90GR436 
90KE236 
90YA277 

90CO 101 2 
90FOl 14 

90FO l 102 
90FO146 
90FI 160 

90BRl 90 
90CH344 
90BR4 18 
90FO441 

90FO1003 
90BEl 024 
90FO1063 
90BEI 085 
90F0378 
90FO379 
90Lll2T 

90RA289 
90FO437 
90FO438 
90CYl99 
90RU498 
90BO1 08 
90HA 101 
90MA244 
90LA340 
90LA34I 
90SC390 
90GO394 
90FR395 
90AR396 
90M0397 
90FR398 
90FR399 
90FR459 

90MA227 
90FR46 1 
90S 49 1 
90FRl 23 
90LE 175 
90S 203 
90FR233 



AUTHOR INDEX 

FRICKE J. 
FRIDKI Y.M. 
FRIE D R.H. 
FRUCHART D. 

FUERTES A. 

FUES H. 

FUJARA F. 
FUJII H. 
F LLER W. 

F RRER A. 

90L0329 
90RE39I 
90FR409 
90CO410 
90RE39I 
90YE502 

90MAl88 
90W0363 

901S369 
90FR408 
90DO476 
90FU317 
90FU449 
90HOI22 
90PA 140 
90J0I59 

90YOl74 
90PA286 
90Ml382 
908Al32 
90RA 178 
90FO378 
90F0379 
90FUI 18 
90GU353 
90ME357 
90AL458 

GHOSE S. 
GHOSH R.E. 

GIBBS D. 
GIBI D. 
GIGLI BERZOLARI A. 
GIG OUX D. 

GI GRAS M.J.P. 

GIORDA ENGO B. 
GIROUD-GODQUI A.M. 

GLAESER W. 

GLYDE H.R. 
GOBRECHT K. 

GODFRIN H. 

90ME496 GODINHO M. 
FUZELLIER H. 90SII30 GOEMA S P. 
GABRYS B. 90 C26T GOE1 1E WEIN F. 
GALLA D D. 90YO506 
G LLEGO J.M. 90RE374 
GALLI G. 90CA 143 GOFF J.P. 
GARCIA E. 90GA32I GOKTURK H. 

90CA448 GOLDMA NM. 
GARCIA-ALVA RADO F. 90AM 154 
GARCIA-HER ANDEZ M. 90BEl9I GOMEZ M. 

90BE273 GOMEZ-ROMERO P. 
90BE373 GOMPF F. 

GARCIA-MUNOZ J.L. 90GA 165 
90GA32 l 
90AL447 
90CA448 GO ZALEZ J. 
90FU449 

GARNIER P. 90GA I 113 GONZALEZ-CALBET J. 
GA VARRI J.R. 90GA475 

90CAI050 
90GAI I 12 
90GAI 113 

GAY J.M. 9081105 I GOPPELT P. 
9081 I 060 GOTTWICK 

GEi K R. 90K 421 GOUGEO P. 
GEIS LER E. 90GE473 GOY AL R. 

90MAl004 GRAEFE STEDT M. 
GELLERT M. 90KRl53 GRAILLATC. 
GEL TE BORT P.G. 90BE242 GRA ADOS X. 

90BE467 
GENON I M. 90BAIOO 
GEORGE B. 90JAI93 
GERI GE. 90G0388 GRAND A. 

90REllI4 GRA ERF. 
GEYER A. DE 90 Hl 4 I 

169 

90IS452 GRA GE P. 
90GH22I 
90REI0T 
90GH 172 
90CH27T 
90BAI03 
90BAI03 
90Gl261 

90BAI036 
90Gl245 
90GI500 

9080124 
90Gl 1009 

90CA 1010 
9080142 
90GL370 

90EG 1017 
90STl043 
90BAl03 
90GO423 
90ROl I0 
90PA177 
90G0252 
9080255 
90LA340 

GRA EC J. 

GRASMEDER J.R. 
GRATZ E. 
GRAUEL A. 
GREE K. 

GREE ALL R.J . 
GREGORY D.H. 
GREY I.E. 
GRIMM H. 
GRUEBEL G. 
GRZESIEK S. 
GU KELSBERGER K. 
GUEDEL H.U. 

G E ET J.M. 
GUENTHERODT H.J . 
GUGLIELMI A. 
GUIGAY J.P. 
GUILLA ME F. 

90G0394 GU I ET F. 
90FR399 GULLIDGE P.M.N. 
9080124 G REL 0. 
90VA364 GUTGE ELL P. 
90BE242 G TMA H. 

90MA303 HAEDICKE E. 
90BE467 HAE P. 
90GO252 HAGEN M. 
90H0210 HAGENMULLER P. 
90GOl09 HAHN K. 
90BE444 HAMELIN B. 

90GO29T HA SE F.Y. 
90FU317 
90RE342 HANSE P.C. 
90G0388 HAR IS P.l. 

90KAI087 HARRISO RA 
90REI 114 
90GR436 
90ME494 HAST! GS J.B. 
90GA32I 
9008434 HATTO P.O. 
90AL447 HAUSS T. 
90CA448 HA YDE S.M. 
90FU449 
90FI 186 

90K 169 HAYE W. 
90BR 180 

90GO l049 HECHT A.M. 
90GR234 
9010293 HECK L B.R. 

90GR436 HEEN R. 
90AL447 HEHMA N J. 
90CA448 
90ME494 HEIDEMANN A. 
90CH446 
90GR306 
90GR402 

90GR430 
90R0320 
90R0345 
90RU498 

90GRI IOI 
90SE414 
90ST213 

90GR06T 
90SMI79 
90F0379 

90 Ul 100 
90GR466 
90DE462 
90 H27T 

90HAI097 
90FA204 
90F I 18 
90G 333 

90GUI008 
90 Ul074 
90BAl03 
90G 336 
90G 162 
90G 333 
90GU334 
90BA485 

90G 1001 
90POI73 
90SC433 
90G 201 
90H 297 

90Pl215 
90LA 18 I 
90SO246 
90HA297 
90AGl9T 
90HAI0I 
90FR398 
90BRl90 

90HAI022 
90HAI022 
90PEI023 
90PRI 111 
90HA280 
90MC325 

90NE1014 
90HAI097 
90HA21 l 
90HA339 
90HA381 
90GO252 

90KEI0l5 
90GE473 

90MAI004 
90SM 179 
90Ll292 

90ROl20 
90MA419 
90CYI52 
90INI63 

90WU239 
90YA277 



HEIMT GA. 

HEI ICKE F. 

HELLMA G.P. 
HEMPELMA R. 
HE JO M. 

HE RY J.Y. 

HE SELF. 

HERDMAN G.J . 

HERTEL G. 
HERZIG C. 

HEWATA.W. 

HEWAT E.A. 

HEYDE K. 
HEY M.P. 
HIGGrNS J.S. 

HILFRICH K. 
HILL R.J . 

HILLAIRET J. 
HI KS D.G. 
HIPPERT F. 
HTPPSLEY C.A. 
HIROSAWA S. 
HITCHCOCK P.8. 
HJELM R.P. 
HOCK R. 

HODEAU J.L. 

HOFFR.W. 
HOFFMAN H. 

HOGAN J.L. 

AUTHOR INDEX 

90SC362 HOLDSWORTH P.C.W. 
90PE249 
90PE359 HOLLIS C. 
90PE400 HOLM C. 
90BR41 3 HOLTZSCHERER C. 
90HE497 HORKA Y F. 
90ME505 HOR S. 
90CO 119 HOUSSA Y E. 
90MA244 HOWARD C.J. 
90Ml259 HOWARD J.A.K. 
90R0212 
90RO3 I 3 HOWE L.D. 
90BU427 HOWELLS W.S. 
90Wl 128 HOYLER F. 

90Wll 109 
90HE456 HUA G J.S . 

90SA l 033 
90BA29 1 
90PE400 
90TR492 
90801 24 H ELLER A. 
90 Al56 
90HEl68 HUGHES R. 
90RE195 HUMMEL I. 
90801 98 HUTCHINGS M.T. 
90HE220 

9001245 
90G l500 

90MAl 88 
90MA223 

901-10 1054 
90GE473 
90ST213 

90MA356 
90HOl 096 
90KU23 l 
90Hl332 

90Ll 1116 
90BEl05 
90H021 0 
90KA266 
90RI 138 
90Rll66 

90HU253 
90FA290 
90FA463 

90WUI 15 
90HUl l 7 
90AC422 
90BE484 
90G0252 

90HUl046 

JEFFERIES .L. 
JIAN L. 
JILEK E. 

JI DAL V.K. 

JOA I OT M. 
JOBI H. 

JOHA SSO B. 
JOHNER H. 
JOH O D .. 
JOH SO S.J . 

90GH22 I HYU 0.8. 90CHl 76 JORGEN EN J.D. 
90CH302 IBA EZ R. 90GAl65 
90HE312 90 A243 JOSWIG W. 
90GR466 IBEL K. 90ROl20 JOUBERT J. 
90HE489 90FI 186 
90RE490 9018278 JUDGE S.M. 
90801 24 90BA29 I JUERGENS P. 
90CA l56 90MA41 9 JURADO J. 
9080 I 98 ICE G.E. 90MC325 JURGE S M.J. 
90HE3 I 2 ICHE G. 90IC20T 
90HE489 ILU IT. 90DO40 I 
9010450 I ABA A. 901Nl 63 KAERGER J. 

90HA I 097 908A I O 18 KAERTS E. 
90KAl 25 STITUT LA E-LA GEVI 90TL21 T KAIS ER V. 
90PE200 ISAACS E.D. 90MC325 KAJI K . 
90Hll 51 ISALGUEA. 90IS452 KAK URAIK. 

90GR466 IS ARD 0. 901S369 KALB ITZER S. 
90HOI096 IVANOV A.S. 90IV384 KALDIS E. 
90MAl 84 90AL385 
90VR l 21 JACOUDJ.L. 90RE216 
90BRl 96 JALJ.F. 90JA326 

90HUI046 90MA365 KALUSJ. 
90W0363 90CA483 

901-11332 JANOT C. 90JA04T 
90HJ295 90JAI 13 KAMBA S. 

90HOl22 90JAl 33 KAMITAKAHARA W.A. 
90C0258 90JA134 KA AYA T. 
90GU336 90801 47 KA E W.R. 
90LE24T 90JAl 93 KARCH K. 
90801 24 90DU222 KARE P. 
90801 98 90EG248 KARLSSO L. 
90HE3 I 2 90DO264 KARPINSKI J. 
90HO I 07 90SU389 

90Jl209 JARIC M. 90JA I 34 
90BA291 JAUCH W. 90JA460 
90SE352 JAYASOORIYA U.A. 90ME237 KAR E. 

170 

90WH279 
9080281 

90WH283 
90ALl041 

90SC426 
90HE220 
90HE489 

90JU09 
90BA29I 
90JI I 108 
9010293 

9010101 3 
90GOI049 
90101 090 

90COl 091 
90BRl01 9 
90WU l 26 
90SC433 

90ATl079 
90DE37 1 
90RO1 4T 
901-10210 
9080420 
9080424 
9010425 
9010450 

90VRl 21 
90EG248 
90101 59 
90REl 95 
90RE490 
90JU275 

90GR234 
90CA448 
90RO212 
90R0313 
90BU427 
9010101 3 
90KA266 
90LE440 
90KAl 25 
90KA267 
90Fll 070 
90HE220 
90ME357 
90AL458 
90HE489 

9011209 
90BA29 1 
90JJI 108 
90CU309 

90KA 1087 
90KAl 25 
901-10107 
90ST3 7 
90FJ360 

90LE1078 
90HE220 
90ME357 
90AL458 
90HE489 
9080281 



KEARLEY G.J. 

KEEN D.A. 
KELLER H. 
KELLER OH T. 

KER J. 
KERR .A. 
KES LER M . 
KEYSER U. 
KHACHA I 
KIEBEL M . 
KIE LE P. 
KIKOIN K.A. 
KILVI GTO A .I. 

Kl KEL U. 
KlRS H ERK. 
KISI E.H 
KITAMA RU R. 
KJEKSH US A. 
KLA DAM. 
KLEMT E. 
KNOPP G. 
KNORR K. 

KOCZO P. 
KOEGEL G. 
KOELKER W. 
KOERFER M . 
KOHLMA J. 
KO OV ALOY A E.S. 
KOO C.L. 
KOSTORZG. 
KOZAK A. DE 
KOZHUHAROV C. 
KRAJEWSKI J.J. 
KRA Z H. 
KRATZ K.L. 
KRA SZ E.R. 
KRIMMELA. 
KR EGER J.K. 
KR UEGER S. 
KR SCHE B. 

KUCHARSKI E.S. 
KUH K.J. 
KUHS W.F. 

KULLMA W. 
K RMOOM. 

KUSK E P. 
KUZ ET OV V.L. 
LABARTA A. 

LABISCHI SKI H. 
LABORD 0. 
LACHMA P.J . 

AUTHOR INDEX 

90KE236 
90KE375 LAFO TAI EM.A. 

90KE I O 15 LAJZEROWICZ J. 
90FOl 14 
90LU 136 LAM BERT B. 
90LU284 
90HOl07 
90KA266 LAMOREA X S.K. 
90BAl03 LAMOTHE D. 
90GR234 LAMPARTER P. 
90 0246 LA DER G.H. 
90BAl32 
90JU275 
90AL385 
90GR06T LANDRUM J.H. 
90 Ml79 LA GM. 
90BA 103 LA NGA P. 
9018278 

90HOl096 LA GOWSKI J. 
90KA 125 
90FJ360 LA TMA C.W. 

90PA I40 L PERTOTG. 
90BA 103 
90K 169 
90K 169 LAPPERT M .F. 
90ST2l3 LARTIG EC. 

90MA303 
90TR 11 6 
90Hll 51 

90FA204 LASJAU !AS J.C. 
90BA I 036 LASSEG ES J.C. 

90AL385 LA GIER J. 
90A 422 LA TER H.J . 
90 E250 

90REI 038 
90BE202 
90CAl56 
90Fl1 070 

90LHI 059 
90FUI 18 
90ST2l3 
90KR499 
90KRl 53 
90TR 116 LAUZIER J. 
901 275 LAVAG AM. 

90KR335 
90Fl160 LAVEDER M. 

90ME505 LAZUKOV V. 
90AH479 LE BAS G. 

90MCI 047 LECAERG. 
90NEI06I LE LIRZI A. 
90MCl 076 LE ROY J. 

90K 421 LEASK M.J.M. 
90MA 188 LEBECH B. 
90K 231 
90L 226 
90BE242 LECLERCQ F. 
90OB270 

908A 1037 
90LA415 LEE E.M. 

90MA356 
90PE I023 

171 

90PRI 111 
90LA439 LEE S.L. 
90LE l 75 LEFEBVRE J. 
90LE367 
90CY l 99 LEFEBVRE S. 
90AU305 LEGGATT R.H. 
90MA356 LEGRAND J.F. 
90SM179 

90PI343 
90SEl035 
90WUl26 
90LAl8I 
90LA337 

90MA380 
90HO1 07 
90ST2l3 
90F0378 LEHMA M.S. 
90F0379 
90KRl53 
90Ll292 

90LA l 02 
90R02 I 2 LEIBLER S. 
90R03 I 3 LEIDERER P. 
90BU427 
90Hl332 
90S I 130 
90RI 138 

90PA338 
90CO10l 2 LEJAY P. 
90CH1 073 
90CAl l 05 LEJEU EG. 
90LA05T LEO ARD-BOURGAUX C. 
90HA101 LERA F. 
90LA340 
90LA34 I 
90LA393 LEROUX B. 
90GO394 LEU G W.P. 
90FR395 LEY G. 
90AR396 LHERSONNEAU G. 
90M0397 LI J.C. 
90FR398 LI D ER P. 
90FR399 
90FR459 

90MA l 84 
90LA l 57 
90LA368 
90BA 103 
90AL385 
90LE208 
90BRl96 
90LE440 

90LE1 052 LIPPERT W. 
90BRl 90 

90W 126 LLOYD R.G. 
90PA 177 LOEH EYSE H.V. 
90LA337 LOEWE HAUPT M. 
90DAl92 
90LE30 I LOIDL A . 
90PR480 
90RE282 
90LE294 
90LE3 l 9 

90PE465 
90FO l I02 
90DE304 
90DE462 
90BE474 

90SMl084 
90Sll30 

90LEl75 
90MA l 83 
90MAl 84 
90C 309 
90MA366 
90LE367 
90KR499 
90W l50 I 
90VE502 
90LE24T 
90HA280 
90CH358 
90MA445 
90CH446 
90MA205 
90LA34I 
90G0394 
90FR395 
90AR396 
90M0397 
90FR399 
9080124 
90RE2 l 6 
90LE28T 
90LE367 
90FR408 
90CA448 
90FU449 

90MA303 
90Hl332 

90HA297 
90LHI059 
90LI 1116 
90Lil2T 
90Ll23T 
90AS 187 

9011209 
90BA29I 
90Ll292 
9010293 
90HJ295 

90HA297 
90DI432 
90Ll503 

90BAI 03 
90ST262 
90LL1 35 

90CHl 044 
90L0329 

90CHI 044 
90K 169 
90SC206 
90ST2l3 
90SC307 
90SC390 



LO DO OD. 
LOO GC.K. 
LOTZ B. 
LOW K.S. 

LUCAZEAU G. 

LU DAHL P. 
LUTZ H.D. 

LUZZ. 
LYE J.E. 
LYO 0. 
MAY. 
MACCHI F. 

MADAR R. 
MAGERLA. 

MAGGS A . . 
MAHE DRASINGAM A. 

MAJ KRZAK C.F. 
MALDIYI P. 

MALETTA H. 

MALL GH L.M. 

MALLAHT. 
MALLAM S. 

MAM PEW. 

MANN L.G. 
MAQUET J. 
MARCHO J.C. 

MARET M. 
MAREZIO M. 

MARIGNA J. 
MARK J.E. 
MARKOV! I. 

MARMEGGI J.C. 

AUTHOR INDEX 

90LO I I 19 MARTEL P. 
90AH479 MARTEM 'YA OV A.N. 
90SEl3I 
90Wl50 I MARTI -MARERO D. 

90AB 1048 MARTINEZ B. 
90SWl075 
90WEI077 MARTI EZ G. 
90LE1078 MARTI EZ J.L. 

90WEl082 
90LU327 
90LU451 
90IB278 

90LUl36 
90LU226 
90PF269 
90LU284 
90GU201 

90BO1062 MARXREITER H. 
90Sl406 MASCHER E. 

90Fll069 MASO S.A. 
90MAl83 
90MAl84 
90MA366 
90MA356 

90SI 130 
90MA223 MATHIEU C. 
90BR224 

90MA315 MATTE BERGER K. 
90A 318 MATTHEWMAN J.C. 
90MA347 MATTIOLI F. 
90MA205 MAT LL R. 
90F0378 
90F0379 MAURI F. 

90MA445 MAXWELL A. 
90GI 1009 MAY R.P. 

90CAI0I0 
90MAl39 
90TH265 

90 01028 
90COl045 
90MAl 88 
90GE473 MA YER A.P. 

90MA 1004 
90DU 129 MAZZONE A.M. 
90MA 171 MCCARTHY D. 
90SMl79 MCCLEME TS D.J . 
90MA247 MCEWE K.A. 
90HOl07 MCGILLIVRAY H.J. 
9010293 

90Gll009 MCGREEVY R.L. 
90CAI0I0 MCINTYREG.J. 
90MA331 
90BO1 24 
90CAl56 
90BO198 MCK IGHT W.J. 
90HE3 l2 MCMAHO M.I. 

90CHl053 
90MA316 
90SC426 
90A 187 
90LI503 MCMORROW D.F. 

90MA380 MCWHA D.B. 

172 

90MA244 
90BE242 
90BE467 
90BE373 
90FU317 
90FU449 

90MA303 
90ROl 27 
90BEl91 

90MC214 
90BE273 
90AL361 
90BE373 
90RE374 
9080376 
90AL447 
90ME494 
90MA227 

90IB278 
9010159 
90LE208 
90Hl332 
90ST377 
90FO378 
90F0379 
90JA326 

90MA365 
90LA337 
90BR0IT 
90BAl03 
90ROl 20 
90MA419 
90BAl03 
90KRl53 
90DEl89 
90YA230 
90IB278 

90MA3 16 
90D 346 
90DE37 1 
90LA4 I5 
90STI 12 
90ST386 
90FII 070 
90SC426 

90 El042 
90M 214 

90WEI082 
90SM1084 
90KEl0l5 

90R l232 
90SC307 
90CH344 
90JA460 
90LAl02 

90NE10l4 
90MC1047 

90Pil064 
90MCI065 
90MCl076 

MEDARDEM. 90OB434 
90GR436 
90AL447 
90ME494 

MEDI AG.A. 90ME478 
MEESUK L. 90ME237 
ME EAU D'A TERROCHES C. 

ME E DEZM. 
MESOT J. 

MEURER B. 
MEURER E. 
MEZEI F. 

MEZZETTO M. 
MIDDE DORF H.D. 
MlEHEG. 
MIG OT J.M. 
MIK LAP. 
MILLS G. 

MILNER S.T. 

MIRAGLIA S. 

MIRAMBETC. 
MIRAYITLLE C. 

MIREBEAU I. 
MISI-ICHENKO A.S. 
MITCHELL P.W. 
MITROFA OY N.L. 
MODLE G.F. 
MOELLER T. 
MOIRJ. 
MOMPEA F.J . 
MO CEAU P. 
MO NEREAU 0 . 
MO NERIE L. 
MONOD P. 
MOOG R. 
MOOK I-I.A. 

MOOREG.R. 
MOORJA I K. 
MORA E. 
MOREAU J. 
MORELL B. 
MORET J. 
MORKEL C. 
MOROS! B. 
MORRIS R.H . 
MORRISO J.A. 

90MA356 
90AC422 
90ME357 
90AL458 
90ME496 
90LEl75 

90ME505 
90PA338 

90COI0l2 
90BAI03 

90MI1055 
90Ml382 
90RE216 
90GU336 

90SWI075 
90WEl077 
90SMI084 

90FA290 
90FA463 

90W0363 
90IS369 

90DO476 
90RU498 
90FU317 
90FU449 
90M l259 
90AL385 
90LLl 35 
90IY384 

90AB 1048 
90MO397 
90 Ml79 
90BE373 
90D1314 

90GA475 
90LAI02 
90CA268 
90ST21 3 
90FOl 14 
90I-IA211 
90PA330 
90I-IA381 
90WH279 
90Ml259 

90AMl54 
90GAI 113 
90MOI IG 
90BA351 
9080142 

90CH 1053 
90EC150 
901 163 

90BAl01 8 
90PAI77 MOSTOYOI Y.A. 90BE242 

90BE467 90MC325 



AUTHOR INDEX 

MUELLER G. 90VOl74 90BA435 PE FOLD J. 90PE465 
90PA286 90GR436 90BA504 

M UELLER P. 9080 142 90AL447 PEREZ F. 90FU3 17 
MUEN ICH F. 90GR234 90CA448 9008434 
MU N J. 90P027 1 90FU449 90CA448 
M RA I A.P. 90SE l 31 90ME494 90FU449 

90K 169 90BA l 037 PERIG 0 A. 90ROI 10 
90ST213 OHM H. 90LHI 059 PERKfNS S.J . 90HA 1022 
90SE2 I 7 OLIVER R.A. 90OLl 5T 90PE1023 

90MU218 90P1 343 90PEl025 
90G l26 1 90VA364 90PEI I 10 

MURRAY A. O. 90MU 1002 OLI VIER B.J . 90SC25 1 90PRI 111 
M UTKA H. 90RE342 ORERA V. 90FR408 PERNET M . 90BA435 

90BA355 OTTEWILL R.H. 90AS 187 PERNOT P. 90ROI 10 
90M E357 90OT287 PERRI N R. 90SWI 075 
90G0388 90OT350 PERROUX M. 90CHl 073 
90AL458 90LI503 PETER ELJ J. 90CV l 52 
90ME496 90HO I054 PETERS C. 90MC325 

MUTTERER M . 90M A303 9080 1062 PETRY W. 90BA l 32 
'GOM A J.B. 90M A l 84 OTTO H. 90HA I 097 90HI I51 
AESSTROEM M. 90LE I078 PAAR V. 90LH I059 90PE249 

NAVARRO J.M. 90FU317 PA DER O Y.B. 90AL385 90DO276 
90FU449 PALACIO E.P. 90VA364 90PE359 

EALIS A.S. 90PEI 023 PA LMAR1 J.P. 9081 I 060 90PE400 
90PE I025 PAN ETIER J. 90AB 149 PETZELT J. 90CU309 
90PE I I 10 90BR 196 PFEIFER H. 90JOI0 I3 

NEEDHAM L. M . 90CA 143 90PA260 PFEIFFER B. 90GR234 
NEILSON G. W. 90PO l 97 90OB270 90LHI 059 

90PO453 90W0363 PFEIFFER D.G. 90SC26T 
90NE454 90PA442 PFITZNER A. 90PF269 
90AD455 90PA443 PIASECK I E. 90MA303 
90H E456 PAPADOPOULOS G. 90PA323 PIAZZA R. 90CA299 
90AD477 PAPPAS C. 90PA338 PlAZZOLI A. 90BA I03 

90GUI00I PARRY D.J . 90 W I075 PIBOULE M. 90PI343 
90 E l 104 PASSING H. 90SC I 11 PICARD C. 90P1 343 

ELMES R.J . 90 E I0 14 PASTER S. 90FOI 003 PICHOT C. 9010293 
90MC I047 90FO I063 PIECUCH M. 90Sl406 
90NEI06 I PASTURELA. 90MA33 I PIERRE J. 90PI215 
90PI 1064 PATTERSON C. 90PA I 77 90AU305 

90MC I 065 PAUL D. MCK. 90FO I 14 90MA356 
90MC l 076 90PA330 PIGRA M W.J. 90F0378 

EM BACH E. 90HI 15I PAULSE c.c. 90HA339 90F0379 
NEU BAUER G. 90BA29 I PAUL US E.F. 90PA 140 PILGRIM W.C. 90WI I28 

EWSA M J.M. 90NE l 020 PAUL US H. 90VO 174 90Wi l 032 
!ELSEN M. 90CH358 90PA286 PILLIERE H. 90GOI09 
OGUES M . 90DO4 11 PAVLOV V.S. 90BE467 90BE444 
OV ION C.H. DE 90BE474 PAWLAK L. 90K 169 PJLSL H. 90Jl209 
OWAK M . 90ST2 13 PA YER A. 90PA225 90BA29 1 

NOZIERES P. 90UW229 PEBA Y-PEYROULA E. 90SE352 PILTZ R.O. 90NEI0l 4 
90GR306 PEBLER J. 90LE440 90MC I047 
90GR402 PECK W.F. 90CA I 56 90NE 106 I 

NUETZEL K. 90DO428 PEDLEY A.M. 90PE200 90PII 064 
NU EZ V. 90BR418 PEIFFER D.G. 90PE200 90MCI065 
NUNEZ-REGUEIRO M .D. 90ME478 PEISL J. 90AL256 90MCI076 
O'DEA M . 90KR l53 90DO40 1 PlNK EY M. 90GH22 1 
OBERTHUER R.C. 90AS 187 PELISS IER J. 90M A356 PlNOL S. 90FU449 

90LI292 PELOUS J. 90VA277 PI T R M.M . 90CV l 52 
90Ll503 90C0392 PIQUE C. 90FR408 

OBRADORS X. 9008270 90COIOl2 PLAKHTY V.P. 90BR207 
90FU3 I7 PE DLEBURY J.M . 90GR06T PLUM IER R. 90PL I056 
90GA32 I 90S M 179 90PL I 107 
90OB434 PENFOLD I.T. 90PE I 106 POERSCHKE E. 90MA I 39 

173 



AUTHOR INDEX 

POINSIG ON C. 90PA442 REICHENAUER G. 90RE39I ROBERT A. 90AG19T 
POLAK E. 90PO27I REISDORF K. 90ABl49 ROBERTS M.P. 90LU327 
POLOJ. 90EG 1017 REMEIKA J.P. 90HA2I I ROBERTS R.B . 90HOJ096 
POMMET. 90MA331 REMOISSE ET M. 90BO I0 II ROBERTSON S.T. 90BO28I 
POPOT J.L. 90POI73 RENARD J.P. 90BO I0 I I 90WH283 

90PO487 RENAUDLN J. 90RE l038 ROBINSON S.J . 90RO I4T 
PORTE G. 90MA316 RENAUDIN P. 9000411 90GL15T 
POTEL M. 90BRl80 RENKER B. 90RE342 90RO257 
POUPKO R. 90GU20I 9000388 9080420 
POVEY M.J.W. 90CE I042 90EGI0 I7 9080424 
POWELLD.H. 90POl97 90RE I 114 9010425 

90PO453 RENNIEA.R. 90RE I0T ROCCA F. 90FOl6I 
PRAGER M. 90PRl034 90LAI02 RODRIGUEZ R. 908A l 037 
PRASSIDES K. 90ROl058 90GHl72 RODRIGUEZ V. 90R0320 
PRATT C. 90BR224 90AS l 87 90R0345 
PRECHTLM. 90KR499 90PE200 RODRIGUEZ-CARVAJAL J. 90RO l 27 
PREM M. 90SC362 90RE282 90PAI40 
PRESS W. 90DE304 90OT287 90AMl54 

90DE462 90LE294 90ROI58 
90PR480 90CA299 90GAl65 

90PRl 034 90LE319 90RO l 82 
PRIEM T. 90BE474 90OT350 90SA243 
PRITCHARD K.L. 90KU23I 90PE465 90PA260 
PROSPER H.B. 90SM I79 90GE473 9008270 
PRUVOST P. 90MAI004 90Ll503 90FU317 
PUGLIERIN G. 90BA I03 90BA504 90GA32 ! 
PUJOLS. 90Pl2!5 90ME505 90AL361 
PUSHKAREV V.V. 90IV384 RESTORI R. 90NEI061 90A 431 
PYN R. 90BOI0II REY M.J. 90RE l 95 9008434 
QUADE U. 90MA303 90CY l 99 90BA435 
QUIANG X. 90LE440 90RE490 90GR436 
RABE K.M. 90CA l 56 REYNOLDS P.A. 90Fl 160 90LA439 
RADEMACHER T.W. 90PRI 111 90BR240 90AL447 
RADHAKRISH A P. 90RAl78 90BR24I 90CA448 

908R4I8 RICHARDS R.W. 90CO I0 I6 90FU449 
RADIMAN S. 90RA289 RICHARDSON D.J . 90SM l 79 90IS452 
RAINEY V. 90HUI046 RICHARDSON R.M. 90Rl232 90ME494 
RAINFORD 8 .0. 90SE4I4 RICHTER D. 90RlI04 ROE J.J.B 90WEI098 

90FOl I02 90CO l I9 ROGERlEJ. 90RO I 10 
RAMEY J.O. 90PA330 90RI 138 90SI1 30 
RAMSEY N.F. 90SM l 79 90RI 155 ROLLAND G. 90LA05T 
RAPHEL R. 90MU218 90RlI66 ROLLEY E. 90GR402 
RAPPOLD! A. 908AJ03 90SC203 ROSENBERG H.M. 90CA l 43 
RASELLI G.L. 90BAl03 90FR233 ROSENMAN I. 90RO I 10 
RASINES I. 90AL36I 90SC25I 90Sil30 

90AL4 I6 90HU253 ROSI B. 90FO l 6I 
RATTOJ.A. 90VO506 90FA290 ROSS D.K. 90CO I 19 
RAUH H. 90KU42 I 90AN3 I8 90LII 11 6 
RAVEAU B. 90NEl0I4 90FR409 90ALI 117 
RAZAFlTIANAMAHARAVO A. 90RA274 90FA463 ROSSAT-MIGNOD J. 90LA l 8I 

90RA l 040 RIEUTORD F. 90Rll 7T 90RO2I2 
REAU J.M. 90RE4l2 90RT228 90RE2 I6 
REBELSKY L. 90CH27T 90Sl406 90R03I3 
REBlZANT J. 90WUl26 90AC422 90BU427 
REBOUILLAT J.P. 90RE374 RILLO C. 90FR408 ROSSEi SKY M . 90ROI058 
RECO DO A.M.DE 908A485 90CA448 ROUAULT A. 90MA356 
REG AULT L.P. 90R02I 2 90FU449 ROWLES S. 90CU I 100 

90RE2I6 RIOS L. 9010293 RUCHAUD 90RU498 
90R03l3 RITTER C. 90PA225 RUDOLPH K. 90MA303 
90BU427 90PO27I RUHTER W.D. 90HOI07 

90BO I0I I 90BR4 I3 RU IGROK R.W.H. 9001432 
REICHARDT W. 90RAl78 90HE497 RUMYANTSEV A.Y. 901V384 

174 



RUPP L.W. 
RUPPR.A. 

RUSH J.J. 
RUSIECKI S. 

RYA K . 

RYSANEK N. 
SACKMANN E. 
SADIKOV 1.P. 
SADLER D.M. 

SADOC J.F. 

SAEMANN-ISCHE KO G. 
SAENGER W. 
SAEZ-PUCHE R. 

SAFRAN S.A. 

SAGAWA M. 
SALES B.C. 
SALMO P.S. 

SAMOUELM. 
SANCHIS M.J. 

SANQUER M. 
SANTORO A. 
SAP! A F. 

SARKISSIA B.V.B. 
SARSO M.I. 
SAUER C. 
SAUV AJOL J.L. 
SA YAGUES M.J. 

SCANNlCCHIO D. 
SCHAEFER D.W. 

SCHAERPFO. 

SCHAFHEUTLER M.E. 
SCHERM R. 
SCHEUTJE S J.M.H.M. 
SCHJLDBERG H.P. 

AUTHOR INDEX 

90AL385 SCHTLLEBEECKX P. 
90CA156 
90RO120 SCHIRBER J.E. 
90MA4 19 SCHIRMACHER W. 
90A 318 SCHLOEGL R. 
90HE220 SCHMALZ M. 
90ME357 SCHMELZER U. 
90AL458 
90HE489 SCHMIDT V.H. 

90CO1028 SCHMITT D. 
90CO1029 
90RY1 030 SCHNARR M. 
90CO 1045 SCH EIDER J.R. 
90CO1095 SCH EIDER M. 

90LE208 SCHNERlNG H.G.V. 
90BA504 SCHOBER H. 
90AL385 SCHOBER H.R. 

90SA I 005 SCHOELCH H.P. 
90SA I 006 SCHOELLHORN R. 
90SA 1007 SCHOE FELD B. 
90GU 1008 SCHOFIELD A. 

90CH47 1 SCHOPOHL N. 
90SA472 SCHRADER H. 
90PA 140 SCHRAEDER T. 
90ST377 
90ROI 27 
90AL361 SCHRECKE BACH K. 
90AL447 
90FA290 
90FA463 

90W0363 
90PA330 

90SAl033 
90PEI 106 
90RE I 038 SCHREIBER F. 
90GA I65 SCHREINER L.Y . 
90SA243 SCHULTZ A.J. 
90BO1 44 SCHULZ H. 
90BOI 98 SCHWAHN D. 
90GA l 65 SCHWEISS P. 
90SA243 SCHWEIZER J. 
90SA324 

90BA I 037 SCO ZA A. 
90BR 196 SEDDON J.M. 
90BA35 l SEEGER P. 
90GR436 SEEHAFER S. 
90AL447 SENATEUR J.P. 
90ME494 SENEGAS J. 
90BA I 03 SEQQAT M. 
90SC203 SETLIK 1. 
90SC25 I SETLIKOV A E. 
90SC426 SEVERING A. 
90SC26T 
90SC I 11 
90CO I 19 
90Hll 51 SHERWOOD J. 
90SC263 SHIERS D. 
90SC433 SHOBER H. 
90FA204 SIAK S. 

90CO I028 SICKING G.H. 
90LA340 SICRE A. 
90FR459 SIDA J.L. 

175 

90BO424 SIDDO S D.P. 
9010425 

90CH I 053 STLLESCU H. 
90SC362 SIM R.B. 
90PA225 SIMISTER E.A. 
90PA225 
90BA29 l SIMO C. 
90JII 108 
90LE175 SIMO J.P. 
90Gl261 SI HA S.K. 

90BA 1036 SISTEMICH K. 
90DI432 SITT ART P. 

90MA3 l 5 SIVIA D.S. 
90LU226 SLADE R.C.T. 
90TH265 SMALLEY M.V. 
9000428 
90PE400 
90FI I 070 SMIR OV O.P. 
90PA225 SMJTH D.J . 
90CE250 
90OT287 SMITH K.F. 
90SC254 
90SC491 
90SC206 
90SC307 
90SC390 
90HO107 SOAREZ J.C. 
90TR I 16 SOPER A.K. 
90HO2 IO SOS OWSKA I. 
90BE242 SOUBEYROUX J.L. 
90JU275 

90KR335 
90SC429 
90BE467 
90GR234 
90CVl52 
90JA460 

90MA227 
90HJ295 

90RA I78 
90RO I 10 
90RO313 
90BA l 03 
90SE352 
90SC25 l SOUGI M. 

90SE1035 
90MA356 SOURJSSEAU C. 
90RE412 
9000411 
90SC433 SPARN G. 
90SC433 SPELLS S.J. 
90SE l 31 SPIESER A.M. 
90SE2 I 7 SPILLE H. 

90MU2 18 SPTRLET J.C. 
90SE414 STAUB U. 

90DU328 
90SMI79 
90AL385 STEEB S. 
90CH469 STEGLICH F. 

90ALI 117 
90MA303 STEIGENBERGER U. 
90BE202 

90HA280 
90MC325 
90BA l 32 

90PE I025 
90RE282 
90PE465 
90ROI 10 

90S I 130 
90SI406 

90CO I 19 
90LHI059 

90LI292 
90HJ295 
90KE236 
90BR296 
90BR372 

90BAl01 8 
90BR207 

90BOI083 
90SM 1084 
90GR06T 
90SMl79 

90HAl022 
90PEI023 
90PE 1 I 10 
90PRI 111 
90FI I068 

90EG l017 
90LO329 
90CY I99 
90SO246 
90AU305 
90RO320 
90RO345 
90Tl349 

90MA356 
901S369 

90FR408 
90DO41 l 
90RE412 
90AL4 16 
90LE440 
9000476 
90RU498 

90PLl 056 
90PLI 107 
90GU 162 
90GU333 
90GU334 
90ST213 

90GU1008 
90BO124 
90K 169 
90WU 126 
90ME357 
90AL458 
90ME496 
90SE I035 
90KNl 69 
90ST213 

90MC214 
90BO281 



STEI ERM. 

STElNER T. 
STERGIOU A. 
STEVENS E.D. 

STEYERLA. 
STIRLING W.G. 

STOEHLKER U. 
STRASSMA N W. 
STRAUCH D. 

STREIB J. 
STRINGARI S. 
STRINGER A.M . 
STROBEL P. 
STROEBELJ. 
SUCK J.B. 

SULPICE A. 
s c.c. 
SUTTON S. 
SWALLOWE G.M. 

SZADKOWSKI H. 
TACHIKI M. 
TALHAM D.R. 
TARLI G S.E. 
TASSET F. 

TASSIN J.F. 
TAUB H. 

TEIXEIRA J. 
TEJADAJ. 

TEMPLETO B. 
TERECH P. 

THIEL H. 
THJELENS N.M. 
THIERY D. 
THIY AGARAGAN P. 

AUTHOR INDEX 

90WH283 THOLE CE J.L. 
90KU42I 
90KA267 
90D0322 
90ST377 THOMAS R.K. 
90IS369 

90F0378 
90FO379 
90SM 179 
90LAl8I 

90STl043 
90STI057 
90ST262 THOMPSON D. 

9080124 
90CYl99 VACQUIER G. 
90CA268 V ALLERA A. DE 
90Dl3I4 VALLET M. 
90RE282 
90LE294 
90BR296 
90LE3l9 
90BR372 
90PE465 VALLET-REGI M . 
90BA504 

90BAl0l8 VAN ASSCHE P.H .M. 
90GR06T VANDERWERFF J.C. 

90HO I 07 90TH22T 
90STI06 90SMl79 VAN !SACKER P. 
90ST 112 90TH308 VA SMAALE S. 

90D0383 THOMPSON J.D. 90SEI3I VANGELISTI R. 
90ST386 THREE-AXIS GROUP 90GR02G VASCON M. 
90ST387 TILLARD-CHARBO ELM. 90Tl349 VATI -PERIGNO N. 

90DO428 TILLJT J. 90BA485 VERKERK P. 
90HA297 TIMMINS P.A. 
90DA285 
90KU23I 
90Dl3I4 TITMAN J.M. 
90PAl40 TJA K. 
908A355 
90SC362 

90MA365 TOBY B.H. 
90SU389 TOFIELD B.C. 

90SUI072 TOMKINSO J. 
90CHl073 
90SUl074 
90KA l 087 
90SU 1089 TOPRAKCIOGLU C. 
9080124 TOURBOT R. 
90SC426 TOUR IER R. 
90FOl I4 TRAMPENAU J. 

90ABl048 
90SWI075 

90IB278 
90ST2l3 TRA QUID. 

90KU23 I 
90P027I TRA QUADA J.M. 
90TA I6T TRAPPMAN T. 

90Fll60 TREMBLAY A.M .S. 
90RO3l3 
90BR4I8 TRESSAUD A. 
90LAl02 
90HAI0I TRIFTSHAEUSER W. 
90LA34 I TROIVE L. 
90FR398 TSERTOS H. 

90TE 1103 TSOU CARIS G. 
9008270 TSUJIMI Y. 
90OB434 TU Z. 

90BAl037 
90ME237 TUR ER J. 
90TE298 UDOVIC T.J. 
90TE495 UEBACH W. 
90U292 ULBRICHT W. 

90ZA486 UWAHA M. 
90TH265 VACHER R. 
90HJ295 

176 

90FOI 14 VERKHOSKAYA K.A. 
90Dl432 VETTlER C. 
90SC433 
90ALl45 
90FI 1068 
90F1I069 
90Fll07I 
90EG248 

90NEI020 
901 163 

9080281 
90WH283 
90KE375 
90RA289 
90BOI44 
90801 24 
90PE249 
90PE359 VI CE T B. 
90PE400 VISENTIN L. 
90TR492 VISSER D. 
9080124 VITTOZ P. 
90FR408 VIVlER G. 
90BO376 VOGL G. 

90CH I 044 VOGT 0. 
90FO437 
90FO438 
90RO320 VOGT T. 
90RO345 
90TRI 16 

90LEl078 
90JU275 
90LE208 
90VA277 

90 EI06I 
90MCI076 

90Fl 1086 
90AN3l8 
90LA4 I 5 VOLINO F. 
90BA29 I VORGEL E. 

90UW229 VRTIS M.L. 
90VA277 WACENOVSKY M. 
90C0392 WACHTEL E.J. 

90COI0I2 
90GA475 
90RA289 
90OB434 
90BA435 
90GR436 
90AL447 
90CA448 
90ME494 
90GA32I 
90FU449 
90KA266 
90VA230 
90DE37I 
90HO2l0 
90MA380 
90ROI 10 
90BAl03 
90VA364 
90BA355 
90VE502 
90JA04T 
90LE24T 
90ROl I0 
90RO2I2 
90PI2I5 

90RE2I6 
90R03I3 
90MC325 
90VE348 
90ME357 

90FJ360 
90VE407 
908U427 
90AL458 
90GA475 
90ME496 

90COI027 
90BAI03 
90D0322 
90OLl5T 
90OLI5T 
90PE359 
90LAl8I 
90MC325 
90LA337 
90HOI22 
90LUI36 
90PAI40 
90VOl74 
90SC206 

90MA227 
90CO258 
90LU284 
90PA286 
90MI382 
90FR46I 
90VO506 
90LA4l5 
90VRl2I 
90CHl76 
90GU20I 



WAI TAL A. 
WALL H.DE 
WALZ L. 
WANG L. 

WA KLY B.M. 
WARD R.C.C. 
WAR ER D.D. 

WARRENDER N.A. 
WAXMA D. 
WEBER H.W. 
WEB TERG.A. 

WEB TER J. 

WEBSTER P.J. 

WEISER M. 
WEISS E. 
WELLER M.T. 

WELLS M.R. 
WELTEW. 
WER ERR. 
WESTERHAUSE J. 
WH ITE D.H. 
WHITE R.P. 

WI K RA. 
WIE HERT H. 
WILD! G .B. 
WILHELM M. 
WILHELMY J. 
WILK! 0 C. 

WILLIAMS J. 
WILLIAMS J.H. 
WILLIAMSO D.J . 
WILLI 8.T.M. 
WILSON L.M. 

AUTHOR INDEX 

90GU336 WI KELMA NT. 
90HE497 WINTER R. 
90TH265 
90FI 186 

90Fl I069 
90FI I 071 WI ZER K. 
90FO441 
90BRl90 
90HOl07 
90H02 I0 
90KA266 
90SE352 
90 254 
90 Hl76 

90WEl077 
90WEI082 
90801083 
90SMl084 
90 01027 
90 01045 
90COI093 
90 01094 
90 01095 
90AB 1048 
90SWI075 
90WEl077 
90LEI078 

90WEl08I 
90WEI082 
90801083 
90SM 1084 

90FI 1070 
90WE238 

90WEl02I 
90WE l 098 
90CU 1099 
90CUI 100 
90GRI 101 

90BR 190 
90S 433 
90BAl03 

90HA 1097 
90HOI07 
90BEI05 
90KE236 
90ME237 
90WH279 
9080281 

90WH283 
90Wl50I 
90FR459 

90 El0I4 
90MI382 
9080108 
90Wll94 

90FOI003 
90FOl063 
90 0392 

908 1118 
90WH279 

90MU 1002 
90WH279 

WIRGES W. 
WITTMA J.C. 
WLODAWER A. 
WOERLEN F. 
WOIG !ER T. 

WOLFERS P. 
WOLLNIK H. 
WO GG. 

WO GK. 
WRIGHT A.F. 
WRIGHTM.S. 
WUERGER A. 

WULFF M. 
YEH IA I. 
YOSHIMURA K. 
ZACCAI G. 

ZAWISLAK F.C. 
ZEILINGER A. 
ZEPPENFELD P. 

ZEYE C.M.E. 

ZIEBA A. 
ZULEHNER W. 

177 

90GR234 
90Wll28 

90Wll032 
90Wll 109 
90WllI15 
90BAI036 

90TH265 
90Wl501 
90KRl53 
90JII 108 
90CO392 

90COI0I2 
90WO363 
90ST262 

90WEl02I 
90WEl098 

9010293 
90CE250 
90ALl45 

90W 115 
90WUl70 
90WU239 
90W 354 
90WU l26 
90PA I40 
90 E4I4 
90KRl53 
90POI73 
90ZA3I I 
90PA323 
90BA485 
90ZA486 
90PO487 
90ZA488 
90FI 1070 
90CH 176 
908 11 051 
90811060 
90JA04T 
90SC307 

90MA380 
90FJ360 

90MA315 



PAPERS ACCEPTED FOR PUBLICATION 

Papers accepted 
tor Publication 

(with ILL authors and coauthors) 
arranged by subject - in alphabetical order 

1. Neutron Instruments and Methods 

AL USTA K. , DOSCH H., LIED A., PEISL J. 
Depth controlled grazing angle neutron diffraction. 
PHYSICA B (90A L52 I 7) 

BO 1 P., A DERSO I.S ., HAUERT R., RUTERANA P., SOLT 
K., FAR OUX B., HERDMAN G.J., PENFOLD J., SCHARPF 0. 
Investigation and growth of multilayers. 
PROCEEDINGS OF THE ICANS 1990, JAPA . (90BO5166) 

BUDTZ-JORGENSEN C., BAHNSE A. , OLESEN C., 
MADSEN M.M., JONASSON P., SCHNOPPER H.W., OED A. 
Micro strip proportional counters for X-ray astronomy. 
NUCLEAR INSTR UME TS & METHODS. (PROCEEDINGS 
OF THE 2nd LO DON CONFERE CEO ' POSITIO -
SENSITIVE DETECTORS ', SEPT. 4-7, 1990). (90BU5222) 

FISCHER J.E., MLLLLKE J.W., MAGERL A., KIM H.J ., 
MOOREA.W. 
Intercalated graphite neutron optical components : low-mo aic 
acceptor compounds with large d-spacings. 
NUCLEAR INSTRUMENTS AND METHODS A (90Fl52l6) 

OED A., GELTENBORT P .. BUDTZ-JORGENSE C. 
Substratum and layout parameters for microstrip anodes in gas 
detectors. 
NUCLEAR INSTRUMENTS & METHODS. (PROCEEDINGS 
OF THE 2nd LONDON CO FERENCE ON ' POSITIO -
SE SITlVE DETECTORS ', SEPT. 4-7.1990). (90OE5l 94) 

SCHARPF 0. 
Thin film devices and their role in future neutron spectroscopic 
investigations. 
PHYSICA C (PROCEEDINGS OF THE INTERNATIONAL 
CONFERENCE ON 'NEUTRON SCATTERING 9 1 '. BOMBAY, 
JANUARY 21-25, 1991 ). (90SC5l56) 

WILKINSON C. , LEHMA N M.S. 
Quasi Laue neutron diffractometer. 
NUCLEAR INSTRUMENTS A D METHODS (90Wl5178) 

2. Theory 

FISCHER K.H., NATTERMANN T. 
Scaling approach to flux line pinning in high Tc superconductors. 
PHYSICAL REVIEW B (90Fl5058). 

GINGRAS M.J.P., HOLDSWORTH P.C.W .. BERGERSE B. 
Induced nearest-neighbor bond orientational ordering and st ructural 
transformation in a two-dimensional liquid crystal model. 

178 

PROCEEDINGS OF THE 13th INTERNATIONAL LIQUID 
CRYSTAL CONFERE CE, V ANCOUYER, JULY 23-28, 1990. 
(90Gl509I ) 

HOLDWSORTH P.C.W., Gr GRAS M.J .P., BERGERSEN B., 
CHAN E.P. 
Random bonds and random fields in two-dimensional orientational 
glasses. 
JOURNAL OF PHYSICS : CONDE SED MA TIER. 
(90HO5083) 

JANSSEN T. 
The symmetry of qua iperiodic sy terns. 
ACTA CRYSTALLOGRAPHICA (90JA5067) 

JANSSEN T. 
Commensurate approx imams of ico ahedral quasicry tals. 
EUROPHYSJCS LETTERS. (90JA52 I 8) 

JOLIE J. 
Recent progress in the application of ex tended super ymmetries to 
odd-odd nuclei in the Au region. 
AIP CONFERENCE SERIES (PROCEEDINGS OF THE 7th 
I TERNA TIO AL SYMPOSIUM ON 'CAPTURE GAMMA­
RAY SPECTROSCOPY & RELATED TOPICS ', ASILOMAR, 
PACIFIC GROVE, USA, OCT. 14-19. 1990). (90105 125) 

JOLIE J. , HEYDE K. 
A consistent description of the mixing of intruder and normal states 
in I I 4Cd. 
AIP CONFERENCE SERIES (PROCEEDINGS OF THE 7th 
INTER ATJONAL SYMPOSIUM ON 'CAPTURE GAMMA­
RAY SPECTROSCOPY & RELATED TOPICS' , ASILOMAR, 
PACIFIC GROVE, USA, OCT. 14- 19, 1990). (90105 123) 

JOLIE J .. MA YERHOFER U., YO EGIDY T., HILLER H., 
KLORA J., LI ONER H., TRLEB H. 
The predictive power of supersymmetry in nuclear tructure tested 
by pick-up transfer reactions to I 96Au. 
PHYSICAL REVLEW C (RAPID COMMU ICATIO ). 
(90105041 ). 

LHUILLLER D.. OZIERES P. 
Spatial averaging of non-homogeneous dispersed suspensions. 
INTERNATIONAL JOURNAL OF MULTIPHASE FLOW. 
(90LH5 I 15) 

NOZIERES P. 
Solid surfaces: capillarity vs elasticity . 
SPRINGER VERLAG (PROCEED[ GS OF THE ' COLLOQUE 
DEFA Y' , BRUXELLES, MAY 1990). (90NO5088) 

SCHOPOHL N., WAXMAN D. 
Quasiclassical theory of the A-B phase boundary of supertluid 3He. 
PHYSICA (PROCEED[ GS OF THE ' LT19', AUGUST 1990). 
(90SC5096) 

3. Fundamental and Nuclear Physics 

BALODIS M.K .. KRAMER .D .. PROKOFJEV P.T .. 
AFANASJEV A.U., GUSEYA T.V. , TAMBERGS J.J ., 
SCHRECKE BACH K., DA YJDSON W.F., WARNER D.D., 



PAPERS ACCEPTED FOR PUBLICATION 

PINSTON J.A.. VAN ASSCHE P H.M .. SPITS A .M.J. 
Level structure of the odd-odd nucleus I 56Eu. 

UCLEAR PHYSICS A. (90BA5 193) 

BORNER H.G., JOLIE J .. ROB! SO S.J .. KESSLER E.G .. 
ULB IG S., CASTE R.F., DEWEY S.M., GREENE G., 
DESLATTES R. , LIEB K.P., KR USCHE B., CIZEWSKI J.A. 
Gamma ray induced Doppler broadening and the determination of 
lifetimes of excited nuclear states. 
A IP CONFERENCE SERIES (PROCEEDINGS OF THE 7th 
INTERNATIO AL SYMPOSIUM ON 'CAPTURE GAMMA­
RAY SPECTROSCOPY & RELATED TOPICS' , ASlLOMAR, 
PACIFIC GROVE, USA, OCT. 14- 19, 1990). (90BO5 I 18) 

DUBBERS D. 
Particle phys ics with cold neutrons. 
PROGRESS [N PARTICLE A D NUCLEAR PHYSICS, A. 
FAESSLER. ED. (90DU511 1) 

FAUST H.R .. BERNAS M .. ARMBRUSTER P. 
Very neutron rich new isotopes of Fe. Co. Ni and Cu. investigated 
with the mass separator 'Lohengrin ·. 

UC LEAR SCIENCE A D ENG I EERING. (90FA5 l 16) 

HOYLER F .. FOHL K .. BOR ER H.G .. KRUSCHE B .. 
ROBINSON S.J .. SCHlLLEBEECKX P. 
Features of the level schemes of l 64- l 66Dy. 
A IP CONFERENCE SERIES (PROCEEDINGS OF THE 7th 
INTERNATION AL SYMPOSIUM ON 'CAPTURE GAMMA 
RAY SPECTROSCOPY & RELATED TOPICS .. , AS ILOMAR, 
PACIFIC GROVE. USA. OCT. 14- 19. 1990). (90HO5 17I ) 

ROBI SON S.J .. BOR ER H.G .. JUDGES .. JOLIE J .. 
SCHILLEBEECKX P. 
Detailed spectroscopy of 144 d. 
AIP CO FERENCE SERIES (PROCEEDINGS OF THE 7th 
INTERNATIONAL SYMPOSIUM ON 'CAPTURE GAMMA­
RAY SPECTROSCOPY & RELATED TOPICS ', ASILOMAR, 
PACIFIC GROVE. OCT. 14-19. 1990). (90ROSI 38) 

JOLIE J .. BOR ER H.G .. ROBINSO S.J . 
Analysis of recoil Doppler profiles obtained with ultra high 
resolution (n.g) spectroscopy. 
AIP CONFERENCE SERIES (PROCEEDINGS OF THE 7th 
I TERNATIONAL SYMPOSIUM ON 'CAPTURE GAMMA­
RAY SPECTROSCOPY& RELATED TOPICS ' . AS ILOMAR, 
PACIFIC GROVE, OCT. 14-19. 1990). (90J05 I 26) 

JOLIE J .. HOYLER F., KRUSCHE B. 
Measurement of conversion electrons from the 75 As(n,e-) reaction . 
A test of the description of 76 A s in the Uv (6/ I 2) © Urr(6/ l 2) 
scheme. 
AIP CO FERENCE SERIES (PROCEED! GS OF THE 7th 
INTERNATIONAL SYMPOSIUM ON 'CAPTURE GAMMA­
RAY SPECTROSCOPY & RELATED TOPICS ' , ASILOMAR, 
PACIFl C GROVE, USA, OCT. 14- 19. 1990).(90J051 24) 

KESSLER E.G., DEWEY M .S .. GREE E G.L. , DESLATTES 
R.D., H.G. BOR ER 
Precise absolute gamma-ray wavelength measurements. 
A IP CO FERENCE SERIES (PROCEEDINGS OF THE 7th 
INTERNATIONAL SYMPOSIUM ON ·CAPTURE GAMMA­
RAY SPECTROSCOPY & RELATED TOPICS ' , AS I LO MAR. 
PACIFIC GROVE, USA. OCT. 14- 19. 1990). (90KE5119) 

179 

KLORA J .. BORNER H.G .. EGIDY VO T .. HILLER. JUDGE 
S. , KRUSCHE B., LIND ER H., MA YERHOFER U .. 
ROBLNSON S .. TRIEB H. 
Nuclear structure investigations and lifetime-measurements in 
156Gd. 
AIP CO FERENCE SERI ES (PROCEED! GS OF THE 7TH 
CNTER ATIO AL SYMPOSIUM O 'CAPTUREGAMMA 
RAY SPECTROSCOPY & RELATED TOPICS ' , ASILOMAR, 
PACIFIC GROVE, USA, OCT. 14-19, 1990). (90KL5172) 

MAMPE W. 
The li fetime of the neutron measured in neutron bott les. 
PHYSICS WORLD - CORPORATE AFFILIATES OF THE 
INSTITUTE OF PHYSICS. (90MA500 1) 

MICHAELSE S., LIEB K.P., ROBI SO S.J. 
Complete spectroscopy of 51 .52v vi a the 50.5 I V(n,y) reactions. 
ZEITSCHRITT FUR PHYSIK A. (90Ml5210) 

ROBI SON S.J . 
Extraction of spins and mixing ratios from directional correlation data. 
AlP CO FERENCE SERIES (PROCEEDINGS OF THE 7th 
I TERNATIONAL SYMPOSIUM O ·CAPTURE GAMMA 
RAY SPECTROSCOPY & RELATED TOPICS ' , AS ILOMAR. 
PACIFlC GROVE, OCT. 14- 19, 1990). (90RO5139) 

ROBINSON S.J .. JOLIE J .. COPNELL J. 
Mixed symmetry states in nuclei near closed shells. 
AlP CONFERE CE SERIES (PROCEEDINGS OF THE 7th 
INTERNATIONAL SYMPOSIUM ON ·CAPTURE GAMMA 
RAY SPECTROSCOPY & RELATED TOPICS". AS ILOMAR, 
PACIFIC GROVE. OCT. 14- 19. 1990). (90ROS 137) 

ULBIG S .. LIEB K.P .. BORNER H.G. , JOLIE J .. ROBINSON 
S.J .. BOOTEN J.G.L.. DEWEY M .S .. WINTER C. 
Lifetime studies of 2p I f shell nuclei by means of the GRID 
technique. 
PROCEED! GS OF THE XXV ZAKOPANE SCHOOL OF 
PHYSICS. MAY 1990. (90UL5 170) 

ULBIG S. , LIEB K.P., BOR ER H.G., JOLIE J. , ROBI SON S.J . 
GRJD li fetime spectroscopy of medium mass nuclei. 
PROCEEDINGS OF THE Vlth INTERNATIONAL SCHOOL ON 
'NEUTRON PHYS ICS ' , ALUSHTA (USSR). OCTOBER 1990. 
(90UL52 l I ) 

ULBIG S., LIEB K.P. , BORNER H.G., ROBINSON S.J ., 
BOOTEN J.G.L. 
GRID-lifetime measurements and shell model calculations in 59 i. 
ArP CO FERE CE SERIES (PROCEED! GS OF THE 7th 
I TERNATIO AL SYMPOSIUM ON 'CAPTURE GAMMA 
RAY SPECTROSCOPY & RELATED TOPICS' , ASILOMAR, 
PACIFIC GROVE. USA. OCT. 14- 19, 1990). (90UL5173 ) 

ULBIG S., JOLIE J., BOR ER H.G., DEWEY M.S., LIEB K.P .. 
ROBINSO S.J . 
GRID li fe time study of the 1762 keV state in 49Ti populated via 
cascade feeding. 
AIP CONFERENCE SERIES (PROCEEDINGS OF THE 7th 
INTERNATIONAL SYMPOSIUM ON 'CAPTURE GAMMA 
RAY SPECTROSCOPY & RELATED TOPICS ', ASILOMAR, 
PACIFIC GROVE. USA. OCT. 14- 19. I 990).(90UL5175) 



PAPERS ACCEPTED FOR PUBLICATION 

WEIGMA N H., KECK B., WARTE A J.A.. GEL TE BORT P .. 
SCHRECKENBACH K. 
Measurements of ri of 235u for subthermal neutron energies. 
(90WE5202) 

WH1TE D.H .. HOFF R.W. , BORNER H.G., COLVIN G., 
HOYLER F .. SCHRECKENBACH K. 
Nuclear structure of 214pu from (n,y) and (n,e) reaction 
measurements. 
AIP CONFERE CE SERIES (PROCEED! GS OF THE 7th 
I TER ATIO AL SYMPOSIUM O 'CAPT RE GAMMA 
RAY SPECTROSCOPY & RELATED TOPICS' ASILOMAR. 
PACIFIC GROVE, USA. OCT. 14-19. 1990). (90WH5 l 74) 

4. Structural and Magnetic excitations 

ALLENSPACH P., MESOT J., STAUB U .. FURRER A. , BLA K 
H .. MUTKA H., VETTIER C.. KALDIS E. , KARP! SKI J .. 
RUSIECKI S. 
The cry talline electric Field as a direct probe for charge transfer 
processes in high temperature superconductors. 
PHYSICA B (PROCEED! GS OF THE 6th I TER ATIONAL 
CO FERENCE O 'VALENCE FLUCTUATIONS'. RIO DE 
JANEIRO.JULY9-13, 1990). (90AL5158) 

BARTHES M .. ALMAIRAC R., SAUVAJOL J.L.. MORET J .. 
CURRAT R., DIA OUX A.J. 
Incoherent neutron scattering in acetanilide and derivatives. 
PHYSICAL REVIEW B. (90BA5140) 

DIA OUX A.J ., BRUSETTI R .. GO GEO P .. POTEL M .. 
BO JOUR E. , ALEMCZUK R. 
Evidence for Einstein-like modes in the superconducting 
molybdenum selenides M2M%Se6. 
PROCEED! G OF THE 6TH INTER ATIO AL SCHOOL 0 
' EUTRO CATTERI G'. ALUSHTA (CRIMEA) USSR. 
OCTOBER 8- I 8, I 990. (90D15109) 

DOR ER B .. VISSER D., STEI ER M. 
Magnetic excitat ions and phase transition of CsFeB1"3 in an externa l 
magnetic Field. 
PROCEED! GS OF THE 6TH I TER ATIO AL SCHOOL 0 
'NE TRON SCATTER! G', ALUSHTA (CRIMEA ) USSR, 
OCTOBER 8- I 8. I 990. (90DO51 I 0) 

HEIM[ GA., PETRY W .. TRAMPE AU J.. ALBA M .. HERZIG 
C., SCHOBER H.R .. VOGL G. 
Phonon dispersion of the bee phase of the group 4 metals. II. bcc­
Zirconium, a model case of dynamical precursors of martensi tic 
transition . 
PHYS! AL REVIEW B. (90HE5086) 

PETRY W. 
Phonons at martensitic phase transi tions of bee-Ti . bcc-Zr and bcc­
Hf. 
PHA E TRA ITIONS (PROCEEDINGS OF THE "3eme 
COLLOQUE D'EXPRE SIO FRA CAI ES R LES 
TRA SITIO DE PHASEs··. DJERBA. MARCH 19-24. 1990) . 
(90PE5040) 

PETRY W .. HEIMI GA .. TRAMPE A J.. LBA M .. HERZIG 

180 

C .. SCHOBER H.R .. VOGL G. 
Phonon dispersion of the bee-phase of the group 4 metals. I. bcc­
Titanium. 
PHYSI AL REVIEW B. (90PE5039) 

SCHARPF 0 .. CAPELLMA H. 
Investigations of magnetic excitation in a La2CuO4 single crystal. 
ZEITSCHRIFT FUR PHYSIK. (90SC5 I 50) 

VETTIER C., BURLET P .. REGNA LT L.P., ROSSAT 
MIG OD J. , HE RY J.Y., LAPERTOT G. 
Inelastic neutron scatteri ng study of spin dynamic in 

YBa2 u3O6+x· 
SPRI GER VERLAG (PROCEED! GS OF THE ISS '90 
CONFERE CE, SE DAI. NOVEMBER 1990). (90VE5 132) 

5. Crystal and Magnetic Structures 
Sa - rystallography of Non-Magnetic Systems 

BECKER G .. HA SE H.-D .. MU OT 0 ., SCHWARZ W .. 
WAG ER C.T .. VOGT T. 
MolekUI- und Kri stallstruktur der Phosphonsiiure H3PO3 -
Rontgen- und eutronenbeugungsuntersuehungen an der 
Hydrogen- under Deuterium-Verbindung. 
ZEITSCHRIFT FUR A ORGA ISCHE D ALLGMEINE 
CHEMIE. (90BE5062) 

BROOKMEIER H.-G .. KLATT M .. DAHMS M. , RITTER C.. 
WAG ER V. 
Texture of a I H 800°C treated Ti-Al composite. 
( PROCEEDINGS OF THE ICOTOM 9, 1990). (90BR5 I 76) 
GORDON & BREACH SCIE CE PUBLISHERS 

CALDES M.T.. A VARRO J.M .. FUERTES A .. OBRADORS X .. 
MIRAVITLLES C.. RODRIG UEZ-CARVAJAL. VALLET M .. 
GO ZALES-CALBET J .. 
High resolution neutron powder diffraction study of the tubular 

phase Bi4SrgCu5O J9+x· 
in "HIGH TEMPERATURE SUPERCO DUCTORS : 
FU DAMENTAL PROPERTIES D OVEL MATERIALS 
PRO ESSI G' .EDS. ARAGYA J..CH P., 
SCH EEMEYER L.F .. CHRISTE D.K.. (MATERIAL 
RESEARCH SOC. PROC. PITTSBURG, PA ,). (90CA5 169) 

COURBION G .. FEREY G .. PA NETIER J. 
The a <-> ~ LiMnFeF6 pha e transition : a neu tron powder 
thennodiffractometry study. 
JOUR ALOFSOLIDSTATE HEMISTRY.(90C05195) 

DAY P. 
Mixed valency systems : retrospect and prospect. 
CO L DI GCH PTERI 'MIXEDVALE YSYSTEMS 
I HEMISTRY. PHYSICS A D BIOLOGY '. ED. K. 
PRA SIDE . NATO AS! ERIES. D. REIDEL PUBLISH! G 
CO .. DORDRECHT. (90DA5070) 

ETTE BERGER H .. FUES H .. M .. LLER G .. VOGT T. 
rystal strucwre and hydrogen bonding in Li/H exchanged petalitc 

HAI i4O 10-
ZEITSCHR!Ff FUR KRISTALLOGRAPHIE. (90ET5205) 



PAPERS ACCEPTED FOR PUBLICATION 

FERNANDEZ F .. SAEZ-PUCHE R . FERN A DEZ-DIAZ M.T .. 
RODRIG EZ- ARV AJAL J. , MARTI EZ J.L. , BOTTO I.L.. 
BARAN E.J . 

Low temperature phase transition of the stoichiometric Ln2 iO4 
oxides. 
EUROPEA JOUR AL OF SOLID TATE A DI ORGA IC 
CHEMISTRY (PRO EEDI GS OF THE I T 
INTERNATIONAL CO FERE CE ON f-ELEME TS. 
LEUVE (BELGIUM), SEPTEMBER 4-7, 1990). (90FE51 0 1) 

FISCHER P., HEWAT A.W .. KALOI E .. KARPI Kl J.. 
RUS IEKI S. 
Neutron diffracti on investigation of temperature and pressure 
effects on the structures YBa2CuxOy high Tc phases (x = 4. 3.5. 3). 
PROCEED I G OF THE I TER ATIO AL CO FERE CE 
0 HIGH Tc SUPERCO D CTORS. P Rf . NOVEMBER 
1989. (89FI5202) 

FUERTES A .. OBRADORS X .. NAVARRO J.M .. GOMEZ­
ROMERO P .. CA A -PASTOR N .. PER Z F .. FONTCUBERTA 
J .. MIRAVITLLES C.. RODRIG EZ-CARVAJAL J. MARTI EZ B. 
Cati on stochiomctri c La2Ca u2O6+y : an un loped oxide 
superconducting at 45 K. 
PROCEED! GS OF T HE 2ND INTER ATIONAL CERAMIC 
SCIENCE A DTE H OLOGY CO GRE S. (90FU5222) 

GRUBEL G .. AXE J.D .. DOON GIBBS. L D R G.H., SMITH 
H.G .. MARMEGG I J.C., BR •• CK EL T. 

The incommensurate charge-density-wave-state in a-uranium. A 
high resolu tion X-ray and neutron study. 
PHY ICAL REVIEW B. (90G R5033) 

HEI ICKE F .. BROKMEIER H.-G .. DAHM M .. B GE H.J .. 
PAN ETIER J .. RITTER C.. DE WALL H. 
Tex tures of paragneisses from the KTB drilling site. E Bavaria 
(FRG ). 
(PROCEED( G OF THE I OTOM 9. 1990). (90HE5 177) 
GORDON & BREA H CIE CE PUBLI SHERS 

HEWATA.W. 
eutron powder diffrac tion and re lat ions between st ructure and 

superconducti vity. 
PROCEED! GS OF THE 6th INTER ATIONAL CHOOL 0 
• E TRO PHYSI S'.ALU HTA. USSR.OCTOB ER 8- 18. 
1990. (90HE51 33) 

HEWATA.W. 
Relations between uperconductiv ity and tructure obtained by 
neutron diffraction. 
PHYSICA SCRIPT A (PRO EEDI GS OF THE STUDSVICK 
CO DENS ED MA TIER MEETI G. STUDS VI K. MAY 21-23, 
1990). (90HE5044) 

HEW AT A.W .. FISCHER P .. KALDIS E., HEWAT E.A., JILEK 
E .. KARPINSKI J.. RUSIEKI S. 
Cu-O bond and Tc changes in I 23, 124 & 24 7-superconductors. 
PHYSICA C (PROCEEDI GS OF THEE-MRS SPR I G 
CONFERENCE. SYMPOSIUM O ' HTc SUPERCONDUCTOR 
MATERIALS'. STRASBOU RG. MAY 29 - J E I . 1990). 
(90HE5048) 

181 

HEWAT A.W. 
The structure of oxide ceramics and ox ide superconductors by 
neutron powder diffraction. 
(PROCEEDINGS OF THE INTER ATIO AL SCHOOL 
OF PHYSICS E RICO FERMI O ·1 DUSTRIAL A 1D 
TECH OLOGICAL APPLICATIO S OF EUTRO s·. 
LA SPEZIA. JUNE 19-29. 1990) ORTH HOLLA D PUBL. 
(90HE5059) 

KOVAT HEVA D .. HEWAT A.W .. RA GAVITTAL .. 
M IVA AN V .. G R ROW T . .. RAO C. .R. 
An X-ray and neutron diffraction study of ca tion substituted 
TISr2 uO5. 
PHYS! A C. (90KO5097) 

LACORRE P., TORRA CE J.B .. PA ETIER J .. NAZZAL A.I.. 
WA G P.W .. HUANG T . . 
Synthesis. crystal structure and properties of metallic PrNiO3 : 
compari son with metall ic NdN iO3 and semiconducting SmNiO3. 
JOUR AL OF SOLID TATE CHEM ISTRY. (90LA5 197) 

MARMEGGI J.C., LA DER G.H .. BR O KEL T .. ZEYEN 
C.M.E. 

cw developments in mod ulated phases of cx-U( 0 ) . 

PHASE TRA SITIO S. (90MA5049) 

POOLE D.S .. HEWAT A.W. 
A low temperature phase transition in lead ~u lphate. PbSO4. 
A TA RYSTALLOGRA PH ICA . (90PO5090) 

RIPERT M .. PA NETIER J.. HABRE Y .. POi SIGNON 
Manganese dioxides: st ructura l model and in- itu neutron powder 
diffraction investigation or thennal annealing and electrochemical 
reduction . 
PRO EEDI G OF THE MRS MEETI G. BOSTO . 

OVEMBER 1990. (90Rl5 165) 

Rf PERT M .. POi SIG O C.. CHABRE Y .. PA ETIER J. 
Struc tu ra l study of proton electrochemical insertion in manganese 
dioxide. 
PHA E TRANS IT IONS. (90RI5 196) 

RUDLI GERM.. HEFER J.. HEVRIER G .. FURER 
G •• DEL H. .. HA UHL S .. HEGER G .. SCHWEI S P .. 
VOGT T .. WO IKE T. , ZOLLNER H. 
Light-induced structural changes in sod iumnitropruss idc 
( a2(Fe( )5 0 )·2020) at 80 K. 
ZEITS HRIFT FUR PHYSIK B. (90RU5203) 

Sb - Crystallography of Magnetic Systems 

AMOR6 P .. IBANEZ R .. BEL TR A. A .. BEL TRA. D .. 
F ERTES A .. G6MEZ-ROMERO P .. HER ANDEZ E .. 
RODRIG UEZ-CARVAJAL J. 
Oxovanadium(IV) hydrogenphosphate hydrates: a time-resolved 
neutron powder diffraction study. 
CHEM ! TRY OF MATER IALS. (90A M51 84) 

BARUCH EL J .. SCHLENKER M .. PALMER. S. B. 
eutron diffraction topographic investi gations of "exotic" magnetic 

domains. 
JOUR AL OF NO -DE TRU T IVE TE TI G.(90BA5000) 



PAPERS ACCEPTED FOR PUBLICATION 

FER A DEZ-DIAZ M.T .. RODRIGUEZ-CARY AJAL L 
MARTfNEZ J.L.,FILLION G., FER ANDEZ F., SAEZ-PUCHE R. 
Structural and magnetic pha e transitions in Pr2 iO4. 
ZEfTSCHRIFT FUR PHYSIK B. (90FE5008) 

HOCK R., FUESS H., VOGT T.. BONNET U. 
Low temperature magnetic structure of Erbium iron garnet. 
ZEITSCHRITT FUR PHYSfK - CO DE SEO MATTER. 
(90805204) 

LACORRE P., PA NETIER J., FLEISCHER T., HOPPER., 
FEREY G. 
Ordered magnetic frustration : XVI - Magnetic structure of CsCoF4 
at 1.5 K 
JOURNAL OF SOLID STATE CHEMISTRY. (90LA5 127) 

LACORRE P., PA ETIER J., LEBLA CM., FEREY G. 
Ordered magnetic frustration - XIII : Monte Carlo simulation of the 
magnetic behavior of Fe3Fg(H2O)i. 
JOURNAL OF MAG ETfSM A D MAG ETIC MATERIALS. 
(90LA5l99) 

LACORRE P. , PA ETIER J. , FEREY G. 
Ordered magnetic frustrati on : XIV - The magnetic structure of the 
tetragonal bronze KMnFeF5-
JOURNAL OF MAG ETISM & MAGNETIC MATERIALS. 
(90LA5055) 

LACORRE P., LEBLA CM .. PAN ETlER J .. FEREY G. 
Ordered magnetic frustration: XV: reexamination of the magnetic 
structure of a-KCrF4 
JOURNAL OF MAGNETISM A D MAG ETIC MATERIALS. 
(90LA5052) 

LANDERG.H. 
Sleuthing in reciprocal space - the search for a charge-density wave 
in alpha-uranium. 
E DEA YOUR. (90LA5073) 

LANDER G.H. 
Measurement of anisotropy parameters with neutrons. 

EUTRON NEWSLETTER. (90LA5074) 

LANDER G.H., BROOKS M.S.S. , LEBECH B., BROW P.J., 
YOGTO .. MATTENBERGER K. 
Measurement of anisotropy constant in US with polarized neutrons. 
JOURNAL OF APPLIED PHYSICS (PROCEEDINGS OF THE 
35th I TER ATIO AL CO FERE CEO ' MAGNETISM 
A D MAG ETIC MATERJALS'. SAN DIEGO, OCT. 29. OY. 
I. 1990). (90LA5085) 

LA DER G.H., BROW P.J., ST ASS IS C., GOPALA P., 
SPALEK J., HONIG G. 
Magnetic and structural study of La I _gSro.2 iO4. 
PHYSICAL REVIEW B. (90LA5065) 

LA DER G.H., BROW P.J .. ST ASS IS C., GOPALA P .. 
SPALEK J., HO IG G. 
Neutron and magnetization study of La 1 _gSro.2 iO4. 
JOURNAL OF APPLIED PHYSICS (PROCEEDINGS OF THE 
35th INTER ATIO AL CO FERENCE O 'MAG ETISM 
A D MAG ETIC MATERIALS' CONFERENCE. SA DIEGO, 
OCT. 29, OY. I, 1990). (90LA5075) 

182 

LEBLA CM., FEREY G. , LACORRE P .. PA ETIER J. 
Ordered magnetic frustration - Xll : The magnetic structures of 
Fe3Fg(H2O)i at 40K and 2K. 
JOUR AL OF MAG ETlSM A D MAG ETlC MA TERJALS. 
(90LE5198) 

MARTf EZ J.L., CEBOLLADA A., GALLEGO J.M ., DE 
MIGUEL J.J. , OCAL C., MIRA DA R., FERRER S., FILLION 
G., REBOUILLAT J.P. 

eutron diffraction study on the field dependent magnetic ordering 
in Co-Cu superlattice . 
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 
(90MA5072) 

PALACIO F. , ANDRES M., RODRIGUEZ- ARVAJALJ., 
PA NETIERJ. 
Magnetic structures of the Mn(III) weak ferromagnets 
AM11F4·H2O, (A = Rb and K). 
JOURNAL OF PHYSICS : CO DE SEO MATTER. (90PA5186) 

PEARCE A., BARUCHEL J., PALMER S.B .. SOUSA J.B. 
Silicon gradient related phase coexi stence in Cr-Si ? 
JOURNAL OF O DESTRUCTIVE TESTING. (90PE5 I 6 I ) 

RITTER C. , KILCOYNE S.H .. CYWINSKI R. 
The magnetic structure of DyMn2. 
JOURNAL OF PHYSICS: 0 DENSED MATTER. (90Rl5077) 

RODRIGUEZ-CARY AJAL. FERNA DEZ-DfAZ M.T. , 
MARTINEZ J.L. 

eutron diffraction study on structural and magnetic properties of 
La2NiO4. 
JOUR AL OF PHYSICS: CO DE SEO MATTER. 
(90R05l 85) 

ROTH G., ADELMAN P., PAN ETIER J. 
Structural discontinuity in Zn-doped (La,Sr)2Cu l -xO4 (x=0 ... 0.08). 
PROCEED! GS OF THE ICMC'90 TOPICAL CONFERENCE 
0 'HIGH TEMPERATURE SUPERCO D CTORS. 
MATERIALS ASPECTS ' , ARMISCH-PARTE KIRCHE , 
MAY 9-11 . 1990. (90RO5209) 

TAILLEFER L. , BEHNIA K .. HASSELBACH K., FLOUQUET 
J .. HAYDEN S.M., YETTlER C. 
On the superconducting phase transitions of UPt3. 
JOURNAL OF MAGNETI M & MAGNETIC MATERIALS 
(PROCEED I GS OF THE XXYth YAMADA CONFERENCE 
0 MAGNETIC PHASE TRANSITIONS. OSAKA, APRIL 
1990), (90TA5l 13) 

TRUMP R .. THIERFELDT S .. LOEWE HAUPT M., 
CHA TTOPADHY A Y T . 
Magnetic structure of Kondo lauice compound CeCu2. 
JOUR AL OF APPLIED PHYSICS (PROCEED I GS OF THE 
35th I TER ATIONAL CO FERE CEO ' MAGNETISM 
A D MAG ETIC MATERIALS '. SA DIEGO. OCT. 29 - OY. 
I , 1990). (90TR5 134) 

VISSER D., CAR UNG S.G. , DAY P .. DEPORTES J. 
Magnetic structure of KMnPO4H2O. 
JOURNAL OF APPLIED PHYSICS (PRO EEDINGS OF THE 
35th I TERNATIONAL CONFERENCE O ' MAGNETISM 
AND MAGNETIC MATERIALS ', SAN DIEGO. OCT. 29 - OY. 
I. 1990). (90Y l5l 54) 



P APERS ACCEPTED FOR P UBLICATION 

6. Liquids, Disordered Materials and Metal 
Physics 

ALO SO J., BERMEJO F.J ., GARCIA HERN , DEZ M ., 
MARTI EZ J.L. , HOWELLS W.S. 
H-bond in methanol : a molecular dynamics study. 
JOUR AL OF MOLECULAR STRUCTURE (PROCEED! GS 
OF THE INTERNATJO ALSYMPOSJUM ON "HYDROGEN 
BOND PHYSICS' , IL CIOCCO (ITALY). SEPT. 11 - 14, 1990). 
(90AL5095) 

AU DIER M .. BRECHET Y. , BOISSIEU M. DE, GUYOT P., 
JANOT C., DUBOIS J.M . 
Perfect and modulated quasicrystals in the system AIFeCu. 
PHILOSOPHICAL MAGAZI E B. (90AU507 I ) 

BARRES .. M UTKA H., ROUCA C .. LITZLER A., SCH ECK 
J . . TOLEDA O J.C., BO FFARD S. , RULLIER-ALBE Q E F. 
Influence of defects on the incommen urate modulation in 
irradiated barium sod ium niobate, Ba2 a b5O1 5. 
PHYSICAL REVIEW B. (90MU5208) 

BOISSIEU M . DE, JA OT C .. DUBOIS J.M. , PA NETIER J .. 
A DIE R M., DU BOST B. 
Atomic structure of the icosahedral Al-Li-Cu quasicrystal. 
JOUR AL OF PHYSICS : CO DE SEO MATTER. 
(90805019) 

COLMENERO J., ALEGRIA A .. ALBERDI J.M .. FRICK B. 
Dynamics of the a-process of polymer systems on a microscopical 
timesca le. eutron and nuclear magnetic resonance study. 
JOUR AL OF O -CRYSTALLI E SOLIDS. (90CO5206) 

DIANOUX A.J .. TACHEZ M .. MERCIER R .. MALUGA I J.P. 
Neutron scattering by superionic conductor glas es. 
SPECIALISSUEOFTHEJO R ALOF O -CRYSTALLI E 
SOLIDS (PRO EEDI GS OF THE I TERNATIO AL 
DISCUSSIO MEETI GO " RELAXATIONS I COMPLEX 
SYSTEMS", HERAKLIO . CRETE. JU E 1990). (90D15057) 

DUBOIS J.M .. JA OT C. , DO G C. , BOISSIE M. DE. 
AUDIER M. 
The reversible crystal-qua icrystal transitions in icosahedral Al-Cu­
Fe alloys. 
PHASE TRA SITIO S (PROCEEDINGS OF TRA SPHASE Ill. 
DJERBA. MARCH 18-25, 1990). (90DU5029) 
DUPUY J .. JAL J.F. , CHIE X P .. DIA OUX A.J. 
H-bond dynamic in well characterized supercooled and glassy 
aqueous solutions. 
JOUR ALOF MOLECULAR STRUCTURE. (90DU5 l 44) 

FRI KB. , ZOR R .. RICHTER D .. FARAGO B. 
Investigation of the gla s transition in polymers under the aspect of 
mode coupling predictions. 
SPECIAL ISSUE OF THE JOURNAL OF THE NON­
CRYSTALLINE SOLIDS (PROCEED) GS OF THE 
I TERNA TIO AL DISCUSSION MEETI G 0 
'RELAXATIO I COMPLEX SYSTEMS ' . HERAKLIO 
CRETE. JUNE I 990). (90FR5068) 

183 

F JARA F .. PETRY W., DIEHL R.M .. SCH AUSS W .. 
ILLESC H. 

Localized motion in supercooled glycerol as mea ured by 2H- MR 
spin-lattice relaxation and incoherent neutron . catlering. 
EUROPHYSICS LETTERS (90FU5l06) 

HOWELL I. , EILSO G.W., CHIEUX P. 
eutron diffraction tudies of ions in aqueous solution. 

JOUR AL OF MOLECULAR STRUCTURE (PROCEEDINGS 
OF THE INTERNATIONAL SYMPOSIUM ON 'HYDROGEN 
BONDPHYSICS ', ILCIOCCO(ITALY),SEPT.11 -14, 1990). 
(90HO52 15) 

JANOTC. 
The tructure of quasicrystals. 

EUTRO EWS. (90JA5 l 14) 

JA OT C., A UDIER M ., BOISSIEU M. DE. DUBOIS J.M .. 
Al-Cu-Fe quasicrystals : low temperature unstability through a 
modulation mechani m. 
E ROPHYSICS LETTERS. (90AD5002) 

JA OT C.. BOISSIE M . DE 
eutron cattering approache 10 quasicrystals. 

CHAPTER LN 'QUASICRYSTALS: THE STATE OF THE 
ART'. EDS. P. STEI HARDT & D. DIYICE ZO. WORLD 

CIE TIFIC PUBLISHING. (90JA5 I 22) 

JA OT C.. BOISSIEU M . DE. DUBOIS J.M. 
Quasicry Lal structures with neutron diffraction : how far from 3-
dim Penro e lattices. 
PHYSICA SCRIPTA. (90JA5025) 

KLAUMUNZER S. , PETRY W .. SCHUMACHER G. 
A search for particle tracks in the metallic glass Pds0Si20. 
PROCEED I GS OF THE SYMPOSIUM ON HEAVY-ION 
MATERIALS RESEARCH. DARMSTADT. SEPT. 6, 1990. 
(90KL5089) 

EILSON G.W. 
The structure of aqueous electrolyte solutions : comparison of 
computer simulation and experiment. 
ZEITSCHRIFT FUR ATURFORSCHUNG. (90NE5214) 

PETRY W., BARTSCH E .. FUJARA F .. KIESEL M .. SILLE CU 
H .. FARAGO B. 
Dynamical anomaly in the glass transition region of orthoterphenyl 
- A neutron scattering tudy. 
ZEITSCHRIFT F •• R PHYSIK B, (90PE5092) 

POWELL D.H .. GULLIDGE P.M. .. BELLISSE T-FU EL 
M .C.. EILSO G.W. 
zn2+ hydration and complexation in aqueous electrolyte solution. 
MOLECULAR PHYSICS. (90P052 l 2) 

STEINBINDER D .. WIPF H .. DIANOUX A.J .. MAGERL A. , 
RICHTER D., EUMAIER K. , HEMPELMA R. 
Low temperature tunneling and quantum diffusion of hydrogen 
Nb( H)x. 
PROCEEDrNGS OF THE INTER ATIO AL SYMPOSIUM 0 
" METAL-HYDROGE SYSTEMS FU DAMENTALS A D 
APPLICATIO S", BA FF. ALBERTA (CA ADA). SEPT. 2-7. 
1990. (90ST5087) 



PAPERS ACCEPTED FOR PUBLICATION 

8. Biological Structures and Dynamics 

ALBIGES-RIZO. BARGE A:. R !GROK R.W.H .. TIMM! S P .. 
CHROBOCZEK J. 
Human adenovirus serotype 3 fiber protein . Comparison of native 
and recombinant proteins. 
JOUR AL OF BIOLOGICAL CHEMISTRY. (90AL5191 ) 

BA ASZAK L. , SHARROCK W., TIMM! S P. 
Structure and function of a lipoprotein : Lipovitellin. 
A UAL REVIEW OF BIOPHYSICS AND BIOPHYSICS 
CHEMISTRY. (90BA5 l 88) 

BA ASZAK L. , TIMMI S P., JA IK-POLIKS B. , 
The crystal structure of a lipoprotein : Lipovitellin . 
in ·MOLECULAR BIOLOGY OF ATHEROSCLEROSIS'. 
UNIVERSITY PARK PRESS. BALTIMORE ( PROCEEDl GS 
OF THE 20TH STEE BOCK SYMPOSIUM). (90BA5 l 87) 

DICAP A E .. R IGROK R.W.H .. TIMMI P. 
Activation of recA protein : the sa lt-induced structural transition. 
JOURNAL OF STRUCTURAL BIOLOGY. (90D15189) 

MAY R.P. 
eutron small-angle (low-Q) techniques. 

I TER ATIO AL TABLES FOR CRYSTALLOGRAPHY. 
(89MA5058) 

MAY R.P. 
Label triangulation 
(PROCEED( GS OF THE EUROPEA WORKSHOP 0 
··NEUTRON. X-RAY A D LIGHT SCATTER! G". 
BOMBA NES. MAY 1990). ELSEVIER PUBLISHERS 
(90MA5l0-I) 

PAVLOV M.Y., RUBLEVSKA YA I.N .. SERDYUK 1.N .. 
ZACCAI G .. LEBERMA R., OSTA EVICH Y.M. 
Experimental verification of the triple isotopic replacement 
substitution method in mall angle neutron scattering. 
JOURNAL OF APPLIED CRYSTALLOGRAPHY. (90PA5220) 

TIMMl S P .. RUIGROK R.W.H. , DICAPUA E. 
The solution structure of recA filament s by ·mall angle neutron 
scattering. (Review). 
BIOCHIMIE. (90Tl5 l 90) 

ZACCAI G., EISE BERG H. 
A model for the stabili za tion of a halophilic protein. 
in ' LIFE D R EXTREME CO DITIO s·. ED. G. DI 
PRISCO. SPRI GER VERLAG. (90JA -2 19) 

9. Chemistry 
9a - Molecular pectroscopy, Su rface and Mesophases 

BLA D J.A.C.. JOH SO A.D., BATE ON R.D .. LA TER 
H.J ., COX A .. SHACKLETON C.. PE FOLD J. 
Spin-polarised neutron renection studies of epi taxia l films . 
JOURNAL OF MAGNETISM A D MAGNET! MATERIALS. 
(PROCEED I GS OF THEE-MRS SPR I G ONFERE CE, 

184 

STRASBOURG, 1990). (90BL5069) 
BLAND J.A.C., BATESON R.D., JOHNSON A .D., COX A .. 
HEINRJCH B., CELI SKI Z .. LAUTER H.J . 
M agnetic properties of ultra thin bee Fe(OO I ) films grown 
epitaxially on Ag(00I ) substrates. 
JOUR AL OF MAG ETISM A D MAG ETIC MATERIALS 
(PROCEEDINGS OF THEE-MRS SPRING CONFERE CE, 
STRASBOURG. 1990). (90BL5082) 

CA O R.D .. JA YASOORIYA U.A. , WHITE R.P. 
Inelastic neutron scanering studies of mixed-valency systems. 

ATO-ASI-C SERIES (PROCEED! GS OF A ATO MEET! G 
ON · MATHEMATICAL A D PHYSICAL SCIENCE' , CRETE, 
J E 1990). (90CA5 I 03) 

CA ON R.D., JA YASOORJYA U.A .. arapKOSKE S .. WH!TE 
R.P .. WILLIAMS J.H. 

Phase transitions in [Fe3O(OOCCD3)6(C5H5 )3](C5H5N): 
Evidence from incoherent neutron scattering. 
JOURNAL OF THE AMERICA CHEMICAL SOCIETY. 
(90PA5200) 

DIA OUX A.J. 
Quasi-elastic and inelastic neutron scattering by time-of- flight 
. pectroscopy. 
PROCEEDINGS OF THE I TER ATIO AL SCHOOL OF 
PHYSICS "E RICO FERMI". COURSE CXIV " I DUSTRlAL 
A D TECHNOLOGICAL APPLICATIONS OF NEUTRONS" . 
LERICI (LA SPEZIA). JU E 19-29. 1990. (90Dl5108) 

ROBERTS M.P .. L CAZEAU G., KEARLEY G.J .. DIANOUX A.J. 
Quantum Rotations of the Ammonium Ions in Ammonium 
Tetraphenyl -Borate : Ill. Inelastic eutron Scattering Results. 
JO R AL OF CHEMICAL PHYSICS . (90R0503 l ) 

SIMO J.P .. L YO 0 ., BRUSON A .. RIE TORO F. 
Anomalou • small ang le X-ray diffraction of a d-Fe multilayer. 
JOURNAL OF APPLIED CRYSTALLOGRAPHY. (90S l51 92) 

VILCHES O.E., LIU F.C .. Kl GSB RY D.L. , MAJ.. BIE FAfT 
M.. UZA E J.. GAY J.M .. MAR UY AMA M .. ZEPPE FELD 
P .. DEGE HARDT D .. LAUTER H.J ., RIEUTORD F. , 
GODDENS G. 
Search for a fluid phase in films of molecular hydrogen isotopes 
adsorbed on MgO. 
A.F.G. WYATT A D H.J. LAUTER, EDS. 
(PRO EEDI GS OF A ATO WORK HOP ON 
·EX ITATIO S I 2-D D 3-D Q A T M FLUIDS' . 
EXETER. AUGUST 1990). PLE UM PUBLISH! G Co, 
(90Vl5l 45) 

WILLIAMS J.H. 
A quasiclastic neu tron scattering investigation of the van der Waals 
complex of benzene and hexanuorobenzene. 
MOLECULAR PHY ICS . (90Wl5 l 29) 

WILLIAM J.1-1. 
An inelastic neutron scattering study of the dynamics of the van der 

Waals complex 6H6: 6F6-
MOLE LAR PHYSICS. (90Wl5 l 28) 



PAPERS ACCEPTED FOR PUBLI CATION 

9b - Colloid and polymers 

BAUMA J., HOFFMA H .. KALUS J .. LINDNER P .. 
THU IG . 
Small angle neutron scattering measurements on iridescent 
surfactant solutions. (90BA52 I 2) 

BOURGAUX-LEO ARD C.. LEGRAND J.F., RE AULT A .. 
DELZEN E P. 
Annealing. effects in ferroelectric P(YF2-TrFE) copolymers: rea l­
time studies using synchrotron radiation. 
POLYMER. (90BO5047) 

BRAUTMEIER D .. STAMM M .. LI DNER P. 
Study on interdiffusion of polystyrenes of high molecular weight 
by SA S. 
JOUR AL OF APPLIED CRYSTALLOGRAPHY. (90BR5099) 

CHARYOLI J. 
Lysotropic liquid crystals as structures of defects. 
MOLECULAR CRYSTALS A D LIQ ID CRYSTALS 
(PROCEED! G OF THE 13TH INTER ATIO AL LIQUID 
CRYSTALCO FERE CE. YANCO VER.JULY22-29.1990). 
(90CH5081 ) 

CHARVOLI J.. SADOC J.F. 
Lyotropic liquid crystals : the common skeleton of thei r phase 
diagrams. 
PHYS ICA A (PROCEEDINGS OF THE WORK HOP 
·ORDERI G IN SUPRAMOLE LAR FL IDS' . 
AMSTERDAM 1990). (90CH51 2 I ) 

0 ELL J.G .. RICHARD R.W .. RE IE A .R. 
Phase separation kinetics in concentrated solutions of linear di ­
block copo lymers of polystyrene and isoprene from time resolved 
small angle neutron sea11ering. 
POLYMER. (90 05221) 

HA LEY H.J .M ., STRATY G.C .. LI D ERP. 
Order in a simple co lloidal mixture uspension. 
PHYS I CA A (PRO EEDINGS OF THE WORK HOP 'ORDER 
I FLU ID ' , BERLI .FEB.2 1-23, 1990).(90HA5 182) 

HORKA Y F .. H CHT A.M .. MALLAM S .. GEi LER E .. 
RE IE A.R. 
M acroscopic and microscopic thermodynamic observations in 
swollen poly(v inyl acetate) networks. 
M ROMOLE LES. (90HO5179) 

LI DNER P .. 
Small angle neutron scattering studies of liquid systems in non­
equilibrium. 
PHYS I CA A (PROCEED I GS OF A WORK HOP ON 'ORDER 
I FLUID ·. BERLIN,FEBRUARY2l-23, 1990). (90LI5183) 

MALLAM S .. HORKA Y F .. HECHT A.M .. REN IE A.R .. 
GEISSLER E. 
Microscopic and macroscopic thermodynamic observati ons in 
swollen poly(dime1hyl siloxane) networks . 
MACROMOLE LES. (90HO5 I 80) 

185 

TERECH P. 
Optical birefringence and dichroism in physical steroid organogels. 
LIQ fD CRYSTAL . (90TE5080) 

TERECH P. 
Structures of physical urfac tant organogels : connecti ons wi th 
biological systems. 
ACTA OF THE AMER I A I STITUTE OF PHYSICS. 
(PROCEEDI GS DE LA 47eme REUNION lNTERNATIO ALE 
CHIMIE PHYSIQU E " LA CELLULE A Q ATRE 
DIMENSIONS", GIF-SUR-YVETTE, SEPTEMBER 24-28. 1990). 
(90TE5098) 

TERECH P. 
Small angle scattering study of 12-hydroxystearic phys ical 
organogels and lubricating greases. 
COLLOID A D POLYMER SCIE CE. (89TE5218) 



Acknowledgement 

The Scientific Secretary, Bernd P. Maier, ed itor of thi s report , 
wishes to thank all tho e who have contributed. 

Layolll and typesetting hy ldra 

Coi•er layout and printing hy Technic Co/or 

Photography hy S. Claisse: Neyrtec and Studio de la Re1·iree 




