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RAPPORT ou DIRECTEUR

S i 1992 avail été l'année marquée par
l'expression de la volonté dc.s Associés de
l'ILL de maintenir TILL Mans son statut de

laboratoire multinational. 1993 a été celle pendant
laquelle cette volonté a été nunénalisée par la
signature à Paris, le 25 mars, de ! Avenant
prolongeant la Convention Intergouvemementale
entre la France. l 'Allemagne et la Grande
Bretagne, pour au moins dix ans à partir du
1er janvier 1994. Ceci a permis d'entreprendre les
négociations avec les Membres Scientifiques
actuels et potentiels en vue de l'établissement de
contrats valables à partir de ce lei- janvier 1494.
Nous préparons actuellement les signatures des
nouveaux contrats avec l'Autriche. l'Espagne et la
Suisse. C'est évidemment avec une très grande
satisfaction que l'ILL voit se reconstituer le cadre
juridique liant entre eux les pays, donc les
communautés, participant à son exploitation et à
sa vie scientifique. C'est aussi un élément de
motivation puissant pour la poursuite des actions
en vue du redémarrage, qui concernent la remise
en étal du réacteur, la réinstallation des
instruments et la mise en place de la nouvelle
structure de l'Institut.

Depuis le démontage de l'ancien bidon
réflecteur à la fin novembre 1992 l'accent a été
mis sur la préparation du remontage. La piscine a
été totalement nettoyée, la résistance mécanique
de son revêtement contrôlée et sa géométrie
vérifiée. L'étal de propreté atteint est remarquable,
puisque les équipes peuvent y travailler sans
protection particulière, et les contrôles et
vérifications nous montrent une piscine dans un
état très proche de celui d'or igine. Aucune
intervention supplémentaire sur la piscine n'a été
nécessaire. Elle est maintenant prêle à recevoir le
nouveau bidon dont la fabrication avance comme
prévu et qui devrait arriver début février 1994.
Pour terminer avec les aspects techniques je
mentionnerai que l'avance de la découpe de
l'ancien bidon nous a permis d'examiner
directement la grille avec les fissures qui son! à
l'origine de la remise en étal et de confirmer le
mécanisme proposé par l 'ILL pour l'apparition de
ces dernières. L'ensemble de ces travaux a élé
conduit du mieux possible grâce au dynamisme et
à la compétence des équipes de l'ILL. ainsi qu'à
l'esprit de honne collaboration manifesté par lotis
les participants à ce projet. La procédure
administrative nécessaire pour l'obtention du
décret d'autorisation de redémarrage se déroule

tout à lait normalement, l 'ILL a l'ail parvenir les
dossiers nécessaires aux autorités compétentes aux
dates prévues, ils ont élé examinés par ces
autorités qui mettent en place les dernières actions
de la procédure. Le déroulement de l'ensemble des
actions, aussi bien techniques qu'administratives,
ainsi que l'évolution des dépenses, sont analysés
très régulièrement par le sous-comité "Remise en
état" qui a conclu, lors de sa dernière visite à l 'ILL
le 18/10/1993, que les coûts et délais sont
actuellement respectés et qu'aucune indication
n'apparaît qui conduirait à penser que la date
prévue de redémarrage ne puisse être respectée.

Ayant maintenant la quasi cerlitiide que le
réacteur redémarrera mi-1994 il importait de
lancer le programme de réinslallation des
instruments pour que ceux-ci soient disponibles au
même moment. Nous commençons par les travaux
dans les halls des guides et nous poursuivrons par
le remontage des instruments du niveau C. qui
avaient élé entièrement démontés pour libérer
l'accès au réacteur, dès que les doigts de gant
seront réinstallés. Pour cela l ' Insti tut doit
reconstituer au mieux le potentiel humain
nécessaire en rappelant ses scientifiques et
techniciens travaillant dans d'autres centres et
laboratoires. Nous n'éviterons cependant pas une
situation difficile car l'Institut mène maintenant
deux importants projets techniques de front,
réacteur et instruments, et certaines compétences,
que nous r.e pouvons pas doubler en raison des
limitations d'effectifs, sont nécessaires sur ces
deux projets.

Une d e r n i è r e a c t i o n nécessa i re au
fonctionnement futur de l'Institut a été la mise en
place de la nouvelle structure en quatre Divisions.
Celle action est l'aboutissement d'une longue
période de discussions et de réflexions initiées par
l'analyse de l'organisation et du fonctionnement
de rinsiitui effectuée par un Groupe d'études à la
demande du Comité de Direction le 27/11/90.
Le projet définitif de réorganisation avait élé
accepté par le Comité de Direction réuni le
02/06/93 à Ahingdon et nous avons tenu à le
mettre en place le plus tôt possible afin que la
délicate période du redémarrage ne soit pas
perturbée par un tel bouleversement et que
rinslilul soit prêt à fonctionner dans ce nouveau
cadre dès le redémarrage de l'installation prévu
pour la mi-1994. Le changement de structure a
donc eu lieu le 01/07/93. très vite après la dernière
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réunion du Comité do Direction. Si l'Institut
travaille depuis cette date dans su nouvelle
siructure. l'elTectit' correspondant à celte dernière
n'est pas encore atteint ainsi que la distribution
finale du personnel dans les nouvelles unités.
L'effectif est en effet en pleine évolution suite aux
premiers départs dans le cadre de la Convention
FNE. aux retours des scientifiques et techniciens
qui avaient rejoint d'autres centres ou laboratoires
pendant l'arrêt et. enfin, aux recrutements
nécessaires, en particulier dans le secteur
scientifique. Ce n'est que dans le courant 1УУ5
que nous atteindrons l'effectif de l'ordre de 400
envisagé dans la nouvelle structure. Réorganiser
un institut dans le cadre d'un effectif limité
implique aussi des mutations internes qui ne
peuvent pas être toutes réalisées dès maintenant en
raison des priorités actuelles qui ne sont pas celles
d'un institut en fonctionnement normal. Les
départs et mutations qui accompagnent une telle
réorganisation dans une entreprise bouleversent
profondément, et parfois péniblement, le réseau de
relations qui ont lié ses membres et nous devons
souligner que. dans notre cas. celte réorganisation
se fait avec la participation constructive du
personnel qui sait dominer les doutes et anxiétés
que génère une telle situation.

Nous venons d 'examiner t ro is points
-réorganisation, remise en état du réacteur,
réinstallation des instruments- nécessaires pour
permettre à l'ensemble de l ' instal lat ion de
redémarrer à la т!-1УУ4. puis de fonctionner
comme souhaité avec 5 cycles et 25 instruments.
Nous envisageons 2 cycles en 1УУ4. le premier
étant consacré à la mise au point finale des
instruments et le second étant ouvert aux
utilisateurs. Les propositions d'expériences seront
examinées par les sous-comités du Conseil
S с i e n t i f i q u e e n a u t о m n e 1 У У 4 et n о u s
distribuerons le temps de faisceau pour un premier
ensemble de 3 cycles. ! en 1УУ4 et 2 en 1УУ5. Les
conditions de ce redémarrage doivent être assurées
par un budget comprenant les contributions des
Associés, comme prévu dans l'Avenant à la
Convention Intergouvemementale et le Protocole
d'Accord, signés le 25.3.1УУЗ. et par celles des
Membres Scientifiques. Ces conditions sont asse/
contraignantes et. pour l'instant. l'Institut doit
consacrer ses efforts au retour à l 'activité
expérimentale, la reprise de l 'activité de
développement devant être plus lente. Dans ces
nouvelles conditions nous n'offr irons que

25 instruments programmés aux utilisateurs, ce
nombre est inférieur à celui d'avant l'arrêt, nous
recherchons actuellement une formule qui
permette de réintroduire partiellement les
instruments déprogrammés dans le programme en
négociant les conditions de leur exploitation avec
des groupes extérieurs pouvant finaivjer celle
opération dans le cadre de "Collaborating
Research Group" (CRG). Enfin, ni) signe très
positif est que l'Institut commence à reconstituer
l'effectif de son secteur scientifique qui avait
beaucoup décru ces dernières années. Huit jeunes
scientifiques ром-doctoraux seront embauchés
dans le début de 1УУ4. les recrutements
continueront jusqu'à la fin de 1УУ5 pour atteindre
le nombre total de 22 sur ces deux années,
les premiers boursiers de thèse seront accueillis
îles octobre 1УУ4.

Nn'js concilierons ce rapport en disant que nous
considérons que tout est mis en oeuvre pour que
l'Institut reprenne ses activités scientifiques et de
service en 1УУ4 et ceci quelle que soit la
conjoncture générale. L'Institut tient à réaffirmer
ainsi sa vitalité et ses engagements envers les
communautés scientifiques qui le soutiennent.
Si les budgets 1УУ4 et 1УУ5 nous permettent
d'assurer ce retour en exploitat ion, ils ne
permettront pas encore le lancement de nouveaux
développements importants. Nous souhaitons une
amélioration rapide de la situation budgétaire afin
que l'Institut puisse reprendre le plus rapidement
possible son rôle tie création et de développement
en instrumentation neulronique : et ceci n'était pas
le moindre des services que l'Institut rendait
à la communauté internationale.

.1. Rossat-Mignod. membre du Conseil
Scientifique, est décédé brutalement à la fin du
mois d'Août. Il fut responsable du "Service de
Magnétisme et Diffusion Neutronique" au CENG
avant de devenir Directeur du Laboratoire Léon
Brillouin à Saclav. Il était bien connu et très
apprécié par la communauté internationale
neulronique pour sa très haute compétence.
A l ' ILL. où il comptait de nombreux amis et
collaborateurs, sa mort a été ressentie comme
la perte d'un de ses membres.

Jean Charvolin

15



D / R l- С 1 С О R Т

W h i l e 1492 was characteri/ed by the
expression of the I'LL Associates' will to
maintain the InsiiUit's status as a

multinational laboratory, 1993 was the year in
which this was confirmed by the signature in Paris
on 25 March of the Protocol expending the
Intergovernmental Convention between France.
Germany and the United Kingdom for at least ten
years from 1 January 1994. This made it possible
to open negotiations with the present and potential
scientif ic member countries with a view to
concluding contracts valic' from that dale. We are
currently preparing fo. the signature of new
contracts with Austria, Spain and Swil/erland. It is
clea.-ly with grea! satisfaction that ILL sees the
reconstitution of the legal framework associating
the countries, and hence the scientific
communities, which share its operation and its
scientific life. It is also a strong motivation for the
continuation of the operations necessary for the
restart, covering the refurbishment of the reactor,
the reinstallation of the instruments and the
implementation of the new structure of the ILL.

Since the removal of the old reactor vessel at
the end of November 1992. the emphasis has been
or. the preparation for the reinstallation. The
swimming pool has been completely cleaned, the
mechanical strength of its lining checked and its
geometry ver i f ied. The state of cleanliness
achieved is remarkable, as the reactor teams can
work there without any particular protective
measures, and the inspections and tests reveal a
swimming pool in a state very close to its original
condition. No additional intervention work has
been necessary on the swimming pool. It is now
ready to receive the new reactor vessel, whose
manufacture is proceeding according to schedule
and which should arrive at the beginning of
February 1994. Before leaving the technical
aspects I will mention that the progress in cutting
up the old reactor vessel has enabled us to
examine directly the grid with the cracks which
led to the refurbishment, and to confirm the
hypothesis proposed by ILL as to the appearance
of these cracks. All this work has been done under
the best possible conditions, thanks to the
dynamism and competence of the ILL teams, and
to the excellent spirit of cooperation shown by
all those concerned with this project. The
administrative procedure necessary to obtain the
decree to authori/e the restart is progressing
normally. ILL having forwarded the necessary

documents to the appropriate authorities at the
dates specified, where they were examined by
these authorities, who are implementing the final
stages of the procedure. The progress of all the
operations, both technical and administrative, and
the expenditure situation, have been analysed
regularly by the Subcommittee on Refurbishment.
which concluded at its last visit to I L L on
IN October 1993 that the costs and time scale have
been respected up to the present, and that there
is no indication to suggest that the pk:nnui date
for the restart might not be respected.

As it is now almost certain that the reactor will
restart in mid-1994. it was necessary to launch the
programme l'or reinstallation of the instruments.
so that these would be available at the same lime.
We are starting with the work in the guide halls,
and shall continue with the installation of the
instruments in level C. which were completely
dismantled to allow free access to the reactor, as
soon as the beam tube thimbles have been
replaced. To this end the ILL has to reconstitute as
far as possible the manpower required by recalling
the scientists and technicians who have been
woi king in other research centres and laboratories.
However we shall not avoid a difficult situation.
as the ILL is now running in parallel two major
technical projects, reactor and instruments, and
certain skills, which we cannot duplicate because
of the staff limitations, are necessary for both
projects.

A final event necessary for the future operation
of the I L L was the introduction of the new
structure with four Divisions. This is the
culmination of a long period of discussions and
reflections initiated by the analysis of the ILL's
organisation and operation carried out by a
working group at the request of the Steering
Committee on 27 November 1993. The final
reorganisation proposal was accepted by the
Steering Committee at its meeting in Abingdon on
2 June 1993. and we wanted to implement it as
soon as possible, so as to avoid the sensitive
restart period being affected by such a major
change, and to ensure that the I L L is ready
to operate within the new framework as soon as
the reactor starts up, as planned for mid-1994.
The change of structure accordingly took place on
I July 1993, very soon after the meeting of the
Steering Committee. Although the ILL has been
operating with the new structure since that date.
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the corresponding staff complement has not yet
been reached, nor has the final distribution of
personnel within the new units. The staff situation
is still changing, following the first departures
under the FNE early retirement plan, the return of
scientists and technicians who had worked at other
laboratories during the shutdown, and finally the
necessary recruitments, particularly in the
scientific sector. It is only during 1995 that we
shall reach the staff of about 400 envisaged for the
new structure. Reorganisation of an institute with
a limited staff level also implies internal transfers
which cannot all be effected immediately because
of the current priorities which are not the same
as those of an institute operating normally.
The departures and transfers which accompany
such a reorganisation have a profound and
sometimes disturbing effect on the network
of relations linking the members of an
organisation, and we should emphasi/e that in the
ILL's case this is taking place with the
constructive participation of the staff, who have
overcome the doubts and anxieties arising from
such a situation.

We have examined three points - reorganisation,
reactor refurbishment and reinstallation of the
instruments - which are essential to permit the
complete installation to start up in mid-1994, and
to opérât^ as required with 5 cycles and
25 instruments. We envisage two cycles in 1994.
the first being devoted to the final adjustment of
the instruments, and the second being open to the
users. Experiment proposals will be examined
by the Scientific Council subcommittees in
autumn 1994, and we shall allocate the beam time
for a first group of 3 cycles, one in 1994 and
two in 1995. This restart must be covered by
a budget comprising the contributions of
the Associates, as provided for in the Protocol
to the Intergovernmental Convention and the
Memorandum of Understanding signed on
25.3.93, and by those of the scientific member
countries. These conditions are somewhat
restrictive, and for the lime being the ILL must
devote its efforts to the return to experimental
activity, while the development work has to be
resumed more slowly. Under these new conditions
we shall only offer the users 25 scheduled
instruments. This is less than the number before
the shutdown, and we are currently looking for a
formula to permit the partial rescheduling of the
missing instruments by negotiating conditions for

their operation with external groups capable
of financing this operation in the context
of Collaborating Research Groups (CRGs). It is
finally a very positive sign that the ILL is starting
to reconstitute its scientific sector staff
complement, which had considerably diminished
in recent years. Eight young post-docs will be
recruited in the early part of 1994, and
recruitments will continue until the end of 1995 to
arrive at a total of 22 over the two years, while
the first thesis students will start in October 1994.

We shall conclude this report by saying that in
our view everything has been done to ensure that
ILL resumes its scientific and service activities in
1994, whatever the general economic situation.
ILL is keen to reaffirm its vitality and its
commitment to the scientific communities which
support it. However the 1994 and 1995 budgets
only provide for the return to operation, and do not
yet permit the initiation of major new
developments. We should like to see a rapid
improvement in the budgetary situation, to enable
ILL to resume as soon as possible its role of
creativity and development in neutron
instrumentation; this was not the least of the
services which ILL gave to the international
community

J. Rossat-Mignod, a member of the Scientific
Council, died suddenly at the end of August.
He had been responsible for the 'Service de
Magnétisme et Diffusion Neutronique' at the
CENG before becoming Director of the
Laboratoire Léon Brillouin at Saclay. He was well
known and highly appreciated by the international
neutron community for his great competence.
At ILL, where he had many friends and
collaborators, his death was felt as the loss of one
of its own members.

Jean Charvolin
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BERICHT DES DIREKTORS

W a r 1992 das Jahr, das durch die Erklarung der
I L L - G e s e l l s c h a f t e r . das ILL als
multinationales Institut weiterl'iiliren УМ

wollen. gepriigt wurde, so war 1993 das Jahr, in dem
diese Absicht durch die Unter/eichnung eines
Zusatziibereinkommens am 25. Mar/ in Paris in die
Tat umgcset/ l wurde. Dadurch wurde das
Regierungsabkommen /wischen Frankreich,
Deutschland und dem Vcreinigten Konigreich fiir eine
Duuer von mindestens x.ehn Jahren ab dem 1. Januar
1994 verliingerl. Dies ermoglichte die Aufnahme von
Verhandlungen mil den gegenwiinigen und moglichen
weiteren wissenschaftlichen Mitgliedern iiber den
AbschluB von Vereinbarungen 1'iir die Zeit nach dem
1. Janiiiir 1994, Wir bereilen gegenwartig die
Unter/eichniing der neuen Vereinbarungen mit
Ôsterreich, Spaiiien und der Schwei/ vor. Fiir das ILL
ist es selbstverstiindlich cine groBe Gcnugtuung, die
Wiederherstellung des juristischen Rahmens /LI sehcn,
der die Lander und damit auch die wissenschal'tlichen
Gemeinschat'ten verbindet, die an seiner Nut/.ung und
seinem wissenschaftlichcn Leben beteiligt sind. Dies
ist auch ein wichtiges Motivationselement bei den
Arbeiten /.ur Vorbereitung des Wiederanfahrens, die
die Instandset/ung des Reaktors, den Wiederaufbau
der Expérimente und die Eint'iihrung einer neuen
Organisationsstruktur am ILL umfassen.

Seit dem Abbau des alien Reflektortanks Ende
November 1992 wurde der Schwerpunkt auf die
Vorbeitung des Wiederaufbaus gelegt. Das Reaktor-
Schwimmbecken wurde kompletl gereinigt. die
mechanische Festigkeit seiner Auskleidung konlrolliert
und seine Geometric iiberpriift. Das Niveau der
erreichten Sauberkeit ist bemerkenswert. so daB die
Mannschaften sogar ohne besondere Schut/kleidung
arbeiten konnen. Die Kontrollen und Uberpriifungen
zeigen uns ein Schwimmbecken. dessen Zustand dem
Originalzustand sehr nahekommt. Zusat/liche
Arbeiten am Becken waren nicht notwendig. Es ist
somit fur den Einbau des neuen Tanks vorbereitet.
Dessen Herstellung geht wie vorgesehen voran. Mil
seiner Anlieferung wird Anfang Februar 1994
gerechnet. Zum AbschluB der technischen Aspekte ist
noch an/umerken, daB der Fortschritl bcim
Zerschneiden des alien Reaktortanks cine dirckte
Unlersuchung des Gitlers mil den Risscn, die Ursache
der Instandsetzung waren, ermoglichte und die
Bestiitigung der vom ILL zu ihrer Entstehung
aufgestellten Hypolhese erlaubte. Allé diese Arbeiten
wurden dank der dynamischen und kompetenten ILL-
Mannschaften sowie des gulen Kooperationsgeistes
a l l e r B e t e i l i g t e r an d i e s e m P r o j e k t
/ur vollsten Zufriedenheil ausgefiihrt. Das
Verwaltungsverfahren /.ur Erleilung der Genehmigung
/um Wiederanfahren des Reaktors verlauft normal.

Das ILL hat die erl'orderlichen Unterlagen /u den
vorgesehenen Terminen an die /ustiindigen Behorden
iibermittell, die sic gepriifl und ininmehr die
abschlieUenden VerfahrensmaBnahmen eingelcilet
haben. Der Verlaul' aller dieser lechnischen und
a d m i n i s t r a t i v e ! ! Ma В n a h m en sowie die
Ausgabenentwicklung werden regelmiiBig vom
UnterausschuB "Reaklorinstandset/ung" kontrolliert.
der anliiBlich seiner let/ten Sit/.ung im ILL am 18.10.93
/.u dem SchluB kam. da!3 Kosten und Termine bis jetxt
eingchalten wurden und nichls darauf hindeutet. daB
der vorgesehene Termin fur das Anfahren des Reaktors
nicht eingehalten werden koiinte.

Nachdem jet/.t praktisch davon ausgegangen
werden kann. daB der Rcaktor Mille 1994 wieder
anlahrt, war es wichtig. mit dem Program m fiir den
Wiederaufbau der Instrumente /LI beginneii, damit
diese cbenfalls /ur gleiehcn Zeil /.ur Verfugung stehen.
Wir h a b e n m it d e n A r b e i t e n in '.I e n
Neutronenlciterhallen begonnen und werden uns im
AnschluB an den Einbau der Slrahlkanale dcm
Wiederaufbau der Instrumente des Niveau С
/uwcnden, die kompletl entfernl worden waren, uni
Zugang /.um Reaklor /u gewahren. Da/.u muB das
Institut das notwendige Arbeitskraftepotential optimal
wiederherstellen. indem es seine in andere Zentren
oder Laboratorien abgeoiclneten Wissenschaftler und
Techniker /.uriickruf;. [Zinc schwierige Lage wird
jedoch nicht vermieden werden konnen, da das Institut
gegenwartig /wei wichtige technische Projekte-
Reaktor und Instrumente- gleich/.eilig durchfiihren
muB und bestimmte Sachkennlnisse, die aufgrund der
begren/ten Stellen/.ahl nicht verdoppelt wcrden
konnen, I'iir beide Projekte benotigt wcrden.

Eine let/te wichtige Vorausset/.ung fiir den
/ukiinftigen Belrieb des Instituts war die Einfiihrung
der neuen Struktur mil vier Abteilungen. Sie ist der
AbschluB einer langen Phase der Diskussion und des
Nachdenkens, eingeleitet durch die Analyse der
Organisation und des Betriebs des Instituts durch eine
Expertengruppe entsprechend dem Auftrag des
Lenkungsausschusses vom 27.11.90. Der endgiiltige
Vorschlag /ur R e o r g a n i s a t i o n war vom
LenkungsausschuB auf seiner Sit/ung in Abingdon am
2.6.93 genehmigl worden. Wir haben Wert darauf
gelegt. die Umstrukturierung so schnell wie moglich in
die Tat um/uset/en, damit die schwierige Période des
Wiederanfahrens des Reaktors dadurch nicht belastet
wird und auch urn sicher/.ustellen. daB das Institut
nach Anfahren des Reaktors Mitte 1994 in diesem
neuen Rahmen arbeiten kann. Die neue Slruktur wurde
am I. Juli 1993 -kur/ nach der Sit /ung des
Lenkungsausschusses- eingefiihrt. Wenn auch das
Institut seitdem entsprechend seiner neuen Struktur
arbeitet, ist weder die entsprechende Stellenzah) noch
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В Ë RI С H ï DES DlREKTORS

die endgiiltige Verteikmg des Personals in don neuen
Arheitseinlieiten erreicht. Die Personalsitualion
befindet sicli in cler Tut in stiindiger Enlwieklung aïs
Folge der ersten Abgiinge im Rahmcn der FNE-
VoiTiihestandsregelung (FNE = Fonds National pour
l'Emploi) und der Riickkchr der Wissensehafller und
Techniker. die \viihrend des Reaklorslillslands in
anderen Zentren und Laboratorien gearbeilet hallen
und schlieBlich au с h wegen der nolwendigen
Einstellungen, insbesondere im wissenschafllichen
Bereich. Ersl im Lan Го 1995 werden wir oino
Personalstarke von uiigcfà'hr 400 Milarbeitern im
Rahmcn der neuen Struktur erreichen. Die
Llmstrukturicrung cinés Institutes bei einer bcgrcn/lcn
Stellen/.ahl bringt auch inierne Umset/ungen mit sieh.
die nient allé sol'orl durchgelïihrt werden konnen im
Hinblick auf die deiveitigen Prioritiiten. die nieht
diesel ben si nd vv ie die cinés Ins t i tu ts i m
Normalbetrieb. Die Abgà'nge und Umset/ungen. die
ciné solche Reorganisation in einem Uniernehmen
begleiten. haben tiefgreifcnde und mandimal Moïende
Ausvvirkungen aul' dus Net/, der Be/iehiingen der
Belegsehaftsmitglieder untereinandcr. Wir sollten
enviilinen. daB in unscrem Fall das Personal auf
konstruktive Weise bei der Réorganisation mitwirkt
und die Zweifel und Betïirchtungen. die cine solche
Situation mit sieh bringt, /IL iiberwindcn wuBle.

Wir haben drci Punktc betrachtet -Reorganisation.
Instandset/ung des Reaktors. Wicdcraul'bau der
Instrumente- die wesenllieh sind. damit das gcsamtc
Institut seincn normalen Betrieb Mille 1994 wieder
aufnimmt und sodann -wie vorgesehen- mit 5
Reaktor/yklen und 25 Instrumenten I'ortset/t. 1994
plancn wir 2 Reaktor/yklen, wobei der crstc Zyklus
der Justierung der Instrumente dient und der /vveite
Zyklus fiir Benut/er /ur Verfiigung stehen soil. Die
Exper imen t ie rvo rsch iage werden von don
Unlerausschusseii des Wissensehaftlichen Rates im
Herbst 1994 gepruft. und wir werden bei dieser
Geleaenheit Strahl/.cit l'iir cinc crstc Gruppe von
3 Reaktor/yklen -I Zyklus im Jahr 1994 und 2 Zyklen
im Jahr 1995- vergeb'en. Die Bcdingiingcn l'iir dièses
Wiederant'ahren miissen von einem Haushalt
siehergestellt werden. der sieh ans Beitragen der
Gcsclîschat'lcr -entspreehend dem am 25.3.93
u n t с г/ с i с h n e (en Z u s a t / ti be re i n k о m m e n / u m
R e g i e r u n g s a b k о m m e n u n d d e m
Vcrcinbarungsprotokoll- und ans Beitragen der
wisseiisehaftliehen Mitglieder /usammenset/t. Dièse
Bcdingungen sind / iemlich einschrankend.
so daB das ILL der/cit seine Anstrengungen aul die
Wiederaut'nahme der expcrimcntcllcn Arbeit
kon/entrieren muB. Die Wiederaufnahmc der
E n t w i с k 1 u n g s a r b e i t w i r d n u r 1 a n g s a m
moglich sein. Unterdiesen neuen Rahmenbedingungen
werden wir den Benut/ern nur 25 programmiertc

Instrumente anbieten konnen. das heiBt weniger
Instrumente aïs vor déni Reaktorslopp. Wir suehen
gegenwartig нас h einer Losung. die uns erlaubt. die
ans dem Program m genommeneii Instrumente
teilueise wieder /u nul/en: /u diesem Zwvck
vcrhaiidcln wir mit externen Gruppen. die fiir die
erforderliche Finan/icrung im Rahmcn von
"Collaborating Research Groups" (CRGs) aufkonimen
wiirdcn. iiber die entsprechenden Betriebsbedingungen.
Ein schr positives Zeichen ist schlieBlich. daB das ILL
unfiingt, seine Personalstarke im wissenschafllichen
Bereich /u erhohen. der in den let/ten Jahrcn stark
gekiir/l wordcn war. Acht jungc promovierle
Wissensehaftler werden Anl'ang 1994 eingeslcllt.
Die Einslellungen werden bis Ende 1995 forlgcset/l.
In d'esen /vvei Jahrcn werden i i isgesamt
22 Wissensehaftler eingestellt werden. Die ersten
Doktoranden werden wir im Oklober 1994 begrù'Ben.

Zuni AbschluB dièses Beriehtes mochlen wir darauf
hinwciscn. daB ans unserer Sicht allés getan wird.
damit das ILL seine wissenschaftliche Arbeit und
seine Dicnsllcistungen im Jahr 1994 wiederaufnimml.
wie auch immer die allgemeine wirtschaftliche Lage
aussehen mag. Das ILL mochle damit seine Vitalità't
beweisen und seinen Verpfliehtungen gegeniiber den
wissenschaftlichen Gemeinschaften naehkommen. Die
Haushaltsplà'ne 1994 und 1995 erkuiben uns die
Wiederaufmihine des Betriebs. sie ermoglichen uns
jcdoeh noch nient die Inangrilïnahmc wesentlicher
neiier Entwicklungen. Wir hoffen. daB sieh die
Finan/lage rasch verbessert, damit das Institut so bald
wie moglich seine Rolle bei der Kon/eption und der
Entwicklung im Bereich der Neutroneninstrumentierung
wiederfindet. Und dies war nichl der geringste Dienst.
den das ILL der internationalen Forschergemeinschaft
«clcistct hat.

J. Rossat-Mignod. Mitglied des Wissensehaftlichen
Rates, slarb plot/lich und unerwartet Ende August
1993. Bevor cr seinen Posten aïs Direktor des
Laboratoriums Léon Brillouin einnahm, war cr Leiter
der Abteilung fiir Magnetismus und Neutronenstreuung
im Keniforschungs/entrum Grenoble (CENG). Er war
cin bckanntcr und von der internationalen Neutronen-
Gemeinschaft wegen seiner ausge/eichneten
Fachkenntnisse schr geschat/ter Wissensehaftler. Am
ILL. an dem er vicie Frcundc und Kollegen halte,
wurde sein Tod wie der Verlust eincs eigenen
Mitarbeiters empfunden.

Jean Charvolin
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ILL-ESRF-EMBL-COOPERATION

Relations with ESRF and EMBL

Following the establishment of a common site for
EMBL. ESRF and ILL. reported in the last Annual Report,
relations with the ESRF have continued to develop at the
management level through direct contacts between the
Director of ILL and the Director-General of ESRF. and in
regular meetings between the two Heads of Administration.

Two major developments on the common site are worth
noting. The EMBL has planned an extension to the
ILL/EMBL building (ILL20) to provide additional office
and laboratory space, with the possibility of eventual access
to ILL staff. Construction will start in 1994. Secondly, the
ESRF is constructing a guest house to provide sleeping
accommodation for visiting scientists. Some rooms will also
be available to ILL visiting scientists.

A number of new agreements have been signed with
ESRF. including one on the exchange of technical
information and documents, and the establishment of a
common secretarial service for the theory groups of the two
Institutes. These are in addition to existing agreements on
joint services, including the joint building, library, medical
service, telephone, site security and restaurant.

At the .scientific level, many close contacts continue
between the staff of the three Institutes on the site, including
the development of an image plate detector for diffraction
from large-scale structures, led by EMBL (see Chapter
"Projects"). A joint ILL-ESRF Workshop on 'X-rays and
Neutrons in the Study of Magnetism" was held on
21-23 January 1993, which illustrated the great potential
complementarity of the two sources.

The Institutes have cooperated in two 'public relations'
exercises locally. In June. ILL and ESRF look adjoining
stands at 'La Science en Fête' in Place Victor Hugo in the
centre of Grenoble: in November with EMBL they
participated in the 'Semaine Européenne de la Culture
Scientifique", including a joint press visit to the site.

The ILL and ESRF together continue to press for much-
needed improvements in the provision of international
schooling for the children of their non-French staff in local
schools. They were founder members with local companies
of a new 'Association pour le Développement de
l'Enseignement International dans la Région Grenobloise'
(ADEIRG). Good relations have been established with the
local Education Authorities, which have resulted in some
improvements in communication with parents. A number
of issues have been taken up. including the question
of obtaining contractual terms to attract good foreign teachers.

Peter Schofield
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The .scientific life of (he ILL is organised through the Colleges. The Colleges are the forum for
scientific contacts and exchanges. The College Secretaries organi/e seminars and meetings.

The scientists have their hierarchical positions defined in the Science Division.
In this respect, they are instrument responsiblcs and have the duly of dealing with more technical topics.
As regards their scientific activities on the other hand, they are left with the utmost freedom, to choose
individually their main fields of interest.

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

College Secretaries in 1993

College 2:

College 3:

College 4:

College 5:

College 6:

College S:

College 9a:

%:

Theory

Nuclear
and Fundamental Physics

Structural and Magnetic
Excitations

Crystal and Magnetic
Structures

Liquids, Disordered
Materials and Metal Physics

Biological Structures
and Dynamics

Molecular Spectroscopy.
Surfaces and Mesophases

Large Molecules

Spring

J.Voit

U. Mayerhofer

J. Kulda

M. Reeluiis (5a)
B. Ouladdiaf <5b)

J.C. Cook

R.P. May

J.H. Williams

P. Lindner

Autumn

M. Fabri/io

J. Lu.,;

J. Kulda

G.J. Mclntyre (5a)
B. Ouladdiaf(5b)

I. Anderson

L. Vuillard

Ci. Kearley

P. Lindner

The Colleges (except Theory) correspond one-to-one to the Subcommittees of the Scientific Council.
The College Secretaries (with help from the Scientific Coordination Office. H. Buttner) prepare the
meetings of the Subcommittees. They classify the proposals by subjects and collect advice on their
technical feasibility from the College members. In the meetings of the Subcommittees they act
as secretary to the Chairperson. One experienced ILL scientist (if possible a Visiting Senior Scientist)
per Subcommittee also attends the meetings.
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COLLEGE 2

Theory

Members of the College

P, Bares
S, Bra/o\skii
B. Clements
M. Fabri/to
B. Fourcade
F. Gehhard
A. (iogolin
M. Kagan

General

C. Misbah
P, No/ieres
J. Palmed
P. Quemerais
S. Scheidl
Л. Valance
.1. Voil
M. Walker

The activity ol' ihe Theory College in 1443 has again
been considerably affected by budget restrictions as slioun
by the reducetl number of sialT in comparison with previous
years. 1 lie sinniltaneous growth of the KSRF Theory (iroup.
«Inch shares ihe Joint (ll.l.-liSRF) Building with the II.I,
Theory College, is a positive asset. gi\ing rise to 1'ruilful
collaborations among ihe theorists of both groups.

During the year, the College composition has changed
considerably: S. Bra/o\skii. .1. Voit. M. Walker and
.1. Palmeri left: the first three returned to their own home
institutions, whereas .1. Palmeri moved to Montpellier «here
he obtained a CNRS position. Conversely, after October,
lour new members joined the College: P. Bares (at ILL for
two years). \:. CJebhard (for six months). A. Gogolin (tor one
year) and S. Scheidl (also for one year).

Scientific activity in 1993
The research activity of the Theory College concentrated

this year on condensed mailer physics, covering various
areas which are listed below. Special interest has been
devoted to "low dimensional" physics, ranging from
correlated fermion systems in reduced dimensions, to
various aspects of surface physics, to the thermal behaviour
of lipid vesicles and polymeri/ed membranes.

Helium and related topics

K. Clements investigated Ihe structure, stability,
excitations and thermodynamics of thin films of liquid He
on weakly attractive substrates. This work has been done in
collaboration with F. Krolscheck (USA). I!..I. Lauter (ILL),
and M. Sarrcla (Finland). Experiments have shown that
these films ean form well-defined atomic layers of /it/i/ii/
4He. lying parallel to the substrate, and persisting rather
deep into the him. Depending on the surface coverage, their
theory predicts that superfluid He films, adsorbed on a
graphite substrate, exist in both uniform and non-uniform
surface-covering phases. The transition between the two
phases is first order, occurs near layer completion, and can
peisisi for at least three liquid layers. For a sufficiently
smooth substrate these layering-transilions should he

observed in torsional oscillator experiments. A less
pronounced layering structure is found for the alkali metal
substrates, hut in the case of magnesium, at least one
layering-iransition should be experimentally delectable.

Thin films of "Mle adsorbed to a plane substrate also
pixu idc a unique opportunity to study Ihe structure of the
"nearly" two-dimensional quantum liquids where, as the
thickness of the adsorbed film increases, a transition from an
"essentially two-dimensional" to an "essentially three-
dimensional" system takes place. Using a generali/ed
Feynman theory, including multi-phonon scattering effects,
they have determined as a function of surface coverage the
dispersion relations, excitation mechanisms, transition
densities, and panicle currents. A pronounced softening of
the long-wavelength, lowest-energy mode is observed near
ihe layering transition. Because of the layered growth, the
film's sound velocity exhibits a series of oscillations. In a
monolayer. the nature of the excitations undergoes
a noticeable change at the coverage where the velocity
of sound starts to tlct'i'Ciist1. This is a crossover from
"essentially two-dimensional" to "essentially three-
dimensional" behaviour. At long wavelengths, below
(above) the crossover coverage, ihe lowest-energy
excitations are longitudinal pilotions propagating within the
monolayer (surface excitations). At higher wave numbers,
a layered-plionon level-crosses with a surface excitation
to become the lowest-energy mode. For double- and higher-
layer films, the excitations are complicated by multiple
(layer-phonon with layer-phonon and layer-phonon with
surface excitations) level-crossings.

Pursuing a stimulating discussion with a visiting seminar
speaker (M. Liu), J. Palmeri began to reexamine the problem
of the dynamics of the phase boundary betw ecu the A and В
phases of superfluid ''He. He has been attempting to settle
the question of what is ihe dominant friction mechanism on
the moving phase boundary.

P. No/ieres completed a work he started inspired by a set
of lectures given some years ago. He has settled a question
never clarified in the past: why does a condensate form in a
pure state and not within different degenerate states '.' He
showed that it is the r.vc/w/w energy which makes the big
difference, and which is lastly responsible for the pnrit\
of Ihe condensait.

S. Scheidl has started a collaboration with D. Feinberg
(CNRS). They intend to develop an improved
plienomenological description for materials where proximity
effects of metallic atoms between superconductive layers are
important.

Correlated fcrmion systems

P. Quemerais and P. Bares, in collaboration with
D. NuiKv-Regueiro (ESRF) and A. Bianconi (Italy), are
investigating the possible existence of polaronic charge
density waves induced by the interplay of strong correlation
and electron-phonon interaction. This work has been
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stimulated by recent experiments on L;iT.4Si\Ni()4+s

coin pound s. \\hich suggest thai such a combined effect
might indeed he relevani in these materials. As a first step,
they have considered a one dimensional model of polarons
in presence of strong on-site repulsion. Their aim is to get as
much exact inl'ormuiion as possible in ID, before passing to
the higher dimensions relevant for the experiments.
Although (he investigation is still in progress, the
preliminary results seem quite promising, especially from
the viewpoint of a better understanding of the role of
eleelron-phonon interaction in nickclate compounds "iid
high ^.-materials.

F. Gebhard and P. Bares are both experts on low
dimensional models solvable by Belhe Ansat/ methods.
Bares has been investigating the possibility of applying these
methods for solving a particular one-dimensional model
of light and heavy particles with local interaction.

Together they are trying to construct the eigenstales of
the exactly solvable l/c-Hulibard model, which might lead to
a generali/ation of the Bet lie ansat/ technique. Such a model
exhibits a melal-to-iiisulalor transition at half filling for a
finite strength of the on site repulsion, in contrast to the
more popular Hubbard model where this critical value is
/его. The hope is to understand the origin and the relevant
features of the correlation driven metal-insulator transition,
in order to construct more realistic Hamillonians which
might show similar behaviour.

Gebhard is also interested in studying the link between
single-site and lattice problems for interacting electrons.
Lattice Hamiltonians with a large number of nearest
neighbours, or with a random dispersion relation, can be
mapped onto single site models which may thus also be used
to study the Mott-Huhbard metal-to-insulator transition.

S. Bra/ovskii's research was devoted to several subjects
in the theory ot quasi one-dimensional (ID) superstructures
and of 1D models of interacting electrons.

He has, together with S. Matveenko (CEI) and
P. No/ieres, addressed the problem of spin-charge separation
in ID, by analysing current carrying stales in a system of
interacting electrons, exploiting both the exact results known
for the Hubbard model and the bosoni/.alion technique.
He found that both spin and charge excitations carry currents
proportional to their respective momenta. In spite of being in
agreement with a single particle picture of a noninteracling
I D Fermi gas, this result contrasts the spin-charge separation
concept as it is usually derived from the bo/.oni/.alion or
from strong coupling arguments. For weak interaction, this
paradox is resolved by taking into account the Fermi
velocity dispersion and by recxamining the current operator
structure. For strong interactions he found an effect of holon
drag by a spinon.

He has also investigated intrinsic defects in Density
Wave (DW) crystals. For an isolated point (the 2n-soliton)
and for a line (the dislocation) defect, he showed that the

Coulomb interaction dominates in determining distributions
of the phase ([>. of the potential <|> and of the accompanying
electronic structure. The last shows itself e.g. in the collapse
of (he DW state over a number of chains around (he
dislocation. In spin DW conventional dislocations lose their
priority in favour of a special topological object: a half-
integer dislocation combined with a semi-vortex of the
staggered magneti/alion vector.

By reconsidering on microscopic grounds the effects
of the electric field on the phase dynamics and relaxation
of CDW/SDW, he suggested a transparent form of the
dynamic and dissipaiive equalion.s /or (lie DW phase and for
the electric field. His approach is based on a helpful relation
between a "generali/ed condensate density" and a complex
dielectric susceptibility ol intrinsic carriers. Separately lor
CDW and SDW. he got the spectra and the attenuation for
the TO and LO modes, the low frequency relaxation and the
intrinsic nonlinear conductivity.

M. Fabri/io has worked on (he behaviour of weakly
coupled one-dimensional chains of interacting fermions. Mis
aim was ;o understand how stable the peculiar one-
dimensional behaviour is in relation to the switching
of weak transverse correlations induced by direct hopping
between the chains. He showed that the one-dimensional
behaviour (so called Lutlinger-liquid behaviour) is quite
unstable as one couples chains together, since any weak
interchain hopping generates very strong correlations
between the chains, and he was able to determine which
correlations are favoured.

Together with A. Gogolin and S. Scheidl, they have
started a study of the transport properties of quantum wires
in presence of diluted scattering centres. Since it seems
experimentally crucial, their model includes an unscreened
Coulomb repulsion between the electrons. Therefore I ) they
investigated how Coulomb repulsion changes the response
of a one-dimensional band to an impurity potential; 2) they
will consider how the presence of more one-dimensional
bands (as it is usually the case in experiments) modifies this
scenario.

A Gogolin's research has been concerned with the theory
of quantum wires. In collaboration with N. Prokof'ev
(USA), he studied the persistent current phenomenon both
for interacting and non-interacting electrons. In the latter
case, in presence of a disordered potential, they were able to
derive a universal formula expressing the persistent current
in terms ol' the transmission coefficient at the Fermi energy.
In presence of electron-electron interaction, they showed
how an unusual si/c dependence of the current amplitude
arises from the interplay of disorder and interaction.

P. No/.ieres continued his work on the behaviour of
heavy particles coupled to a light Fermi sea. This problem is
of fundamental importance for the physics of heavy
fermions and of many correlated systems. In particular, he
showed under what conditions the edge singularity produced
by a .w/i.if/r and fixed scattering centre, persists if this source
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of scattering is left free to recoil. For a n<ni-/<n'«li:i'i/
particle, lie proved rigorously that the singularity survives
only in one, hut not in higher, dimensions; a result which
raises serious doubts on many of the theories proposed for
high T\. superconductivity. Besides, he has been
investigating other related models, like the resonant level
model he studied !;>M year together with C. Varnia, where
essentially effective spin 1/2 channels interact with
screening channels, giving rise to a whole series of
interesting phenomena.

Much of J. Voit's research interest was devoted to
spectral properties of Lutlinger liquids, pursuing a study
initiated in 1992. His investigation aimed at showing where
and which of the peculiar properties of Luttinger liquids
show up, how they сип be measured and how they
interfere/separate in any given experiment. Such properties
have been clearly observed in a wide series of
photoemission experiments on Bechgaard salts, which have
been analysed by Voit in comparison with the existing
theors of Luttinger liquids. The outcome of this analysis is
that, in order to account for the experimental data, one is
obliged to assume for these materials a model hamiltonian.
which includes a long range interaction term. He has also
shown how other very interesting features of L.ullingcr
liquids (like the so called "spin charge separation") might be
observed in experiments where two particle correlations are
worked out, as, for example, in inelastic neutron scattering.

Another field of Voit's activity was concerned with
electron-libron coupling in polyaniline. In collaboration with
D. Baranowski (Germany) he obtained two important
results, both connected to failure of Peierls' "theorem": (i) in
the strong correlation limit of the half-filled band, they
found several phases with regular lattice spacing. This
implies that beyond a critical interaction strength the
dimeri/cd Peierls state becomes unstable towards e.g. an
ideal pararnagnet. (ii) In the weak correlation limit at
quarter-filled band, phases with long periods arc lower in
energy than the period-four Peierls slate. They will have
important consequences for the interpretation of
experiments.

Continuing a collaboration with Anna Painelli and Gian
Paolo Borghi (Italy) on a new exact numerical
diagonali/.ation method for interacting electrons coupled
non-adiabatically to phonons, they developed a new
algorithm, which takes advantage of the adiabatic basis of
the problem, in order to reduce the critical memory
requirements. They found some interesting new results, e.g.
that, contrary to earlier wisdom, there are cases of
antisquee/.ing. i.e. where quantum fluctuations reduce the
position uncertainty of the phonons increasing the
momentum uncertainty.

M. Walker began a collaboration with Keith McEwen
(UK) to try to understand the nature of an apparently
quadrupolar ordered phase of UPd^ He also completed work
on the identification of the ordered phase of heavy-fermion

metal URiiiSii which exists below I7.5K. In addition, he
continued work with graduate students on theoretical models
for the phase diagram of betaine calcium chloride dihydratc.
and for the low-temperature hexagonal phase of Суц.

Surface physics

P. No/ieres devoted much of his !993 activity to this
subject, since he gave a set of lectures at the Collège de
France on "Crystal \nrf<iccx: silrwitiri'. lluctiuitioiib. xrtnr/li
and suability". Among the varioui aspects of this problem
tackled in his lectures, some have led to new developments.
In particular, he carried on research concerning: (i) the
mobility of a vicinal surface in connection with the recent
experiments on capillarity oscillations; (ii) Grinfeld
instability of a faceted or vicinal surface.

C'. Misbah investigated some problems connected to
vicinal surfaces. He analysed the steady-state cellular
structure that may arise during step flow growth (growth
from a super-saturated vapour, or by molecular beam
epilaxi).

In connection with the problem of the competition
between noise and determinism in step flow growth, he
extended the Burton-Cabrera-Frank theory to include
fluctuations. He derived the non-linear stochastic equation
controlling the behaviour of a single step, and thus he could
determine the range of parameters where fluctuations
compete with detcn;,inistic dynamics.

He also studied the behaviour ol linear fluctuations of a
train of steps. He derived the shape of the excitation
spectrum of an asynchroni/ed train of steps. Asynchroni/.ed
fluctuations lead to qualitatively new effects. In particular
the time needed to form a bump on « step scales as
/ (/ = interslep distance), while it scales like / "' for
a synchrom/.cd train.

M. Fabri/io, in collaboration with E. Tosatli and
G. Santoro (Italy), has studied a solid on solid model lor Ice
(110) surfaces which can describe, depending on the value
of the parameters, rough, disordered and reconstructed (2x1)
and ( I x I ) surfaces. They studied this model by mapping it
onto a quantum spin-1/2 chain of Heisenberg type. Such a
model was then analysed both by numerical diagonali/.alion,
as well as by analytical techniques. This allowed them to
obtain a complete characterization of the phase diagram
of the model.

Liquid crystals, lamellar eutectics, polymerized
membranes and lipid vesicles

C. Misbah studied extensively the problem of growth of
lamellar cutectics and liquid crystals. He discovered a new
broken parity-state, where, in contrast to the slate where both
lamellae are tilted in the same direction, each lamella has a
tendency to choose an opposite tilt angle to that of its
neighbours. He suggested new experiments to observe this
state.
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In connection with liquid crystals, ho tackled the problem
ol the coupling between the nematic-isotropic growing front
and the elasticity of the nenuitie phase, and he analysed it in
a special geometry. He showed that weak growth speed
corresponds to weak coupling between those two effects,
and the contrary for high speed. A part of this work was
done with his student A. Valance, who obtained his Doctoral
degree on November 29th 1993 with a thesis entitled:
"Contribution à la théorie dynamique de croissance des
cristaux liquides et des eutecliques lamellaires".

B. Fourcade has mainly worked on the behaviour of lipid
vesicles. Phospholipid vesicles of high lopological genus
have been observed in laboratory experiments. These
systems e.\hibit strong thermal fluctuations, and they differ
from the usual thermal undulations of the membranes. They
can be described as positional fluctuations of necks
connecting to concentric membranes. Together with the
group of Bensimon in Paris, he has introduced a model
based on an electrostatic analogy. Such a model has been
tested numerically and analytically and it shows that the
holes or necks can move almost freely on these membranes.
He is also investigating two component membranes (with a
D.E.A-.studenl. T. Charitat), as well as budding problems
(with another D.E.A.-sludent, G. Rudine).

During 1993, J. Palmeri began investigating an
uncontrolled, but perhaps effective saddle point expansion
method for going beyond the non-perturbative variational
treatment that he developed with E. Quitter to study
crumpling transitions for self-avoiding polymeri/.ed
membranes. Moreover, he attempted to develop a non-
perturhative method that avoids the replica trick for studying
problems with quenched disorder. He applied such a
method, which makes use of the so-called "principle of
minimum sensitivity", to the problem of directed polymers
and manifolds in random media.

Other condensed-matter topics

M. Fabri/io, together with P. Carra (ESRF), investigated
(theoretically), the possibility of using X-ray resonant
inelastic scattering (XRIS) as a probe of charge and
magnetic correlations in transition metals and rare earths.
Their analysis of the scattering cross-section relics on the
application of sum rules, recently derived for X-ray
absorption and diehroism; it shows that XRIS might provide
a powerful new tool for obtaining new information on
magnetic and anisotropic materials.

P. Quemerais studied the growth of intermetallic
compounds with strong chemical order. He proposed a
simple one-dimensional model of growth, based on an
electronic process, which is quite helpful for understanding
the selection and the propagation of a periodic or
quasipcriodic chemical order during the growth process.
This mechanism has been proposed as one of the important
physical features for the comprehension of quasi-crystal
growth.

Secretary: Michèle Fabri/.io

Elementary excitations in liquid 4He Films

B. E. Clements and H. J. Lauter

The structure, excitations, and growth of liquid 4He
films, adsorbed on a graphite substrate, are of
considerable experimental and theoretical interest. It is
an intriguing goal to uncover the underlying mechanisms
that drive an apparently simple system to display a
complicated growth scenario [1,2], a multitude of
thermodynamic phases [3| , transient superl'luid
behaviour [4], and so forth. To understand these
phenomena one should first have a good understanding
of the film's eljmentary excitations.

Neutron scattering experiments carried oui by Lauter,
Godfrin, Frank and Lcidercr [5], done on low
temperature films and for a broad range of surface
coverages, reveal spectra that are rich with structure.
In Fig. I, the experimental dynamic structure function,
S(</, w) is shown for a 4He film adsorbed on a graphite
substrate. It is well known that adsorbed helium films
grow initially by the formation of well-defined liquid
layers. Fig. I corresponds to a triple-layer liquid film.
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Fig. 1: The experimental S(q,w) for a triple-layer film
(crosses). T/ге surface coverage is 0.239 A . The lowest
and highest curves correspond toq~ 0.25 A'1 and q ~ 2.0 A'1

respectively. Also shown are the phonan-maxan-roton mode
(:,olid curve), the surface mode (long-dashes) and a layer-
plionon mode (dots) that level-crosses with the surface mode.

25



COLLEGE 2

The experiment was performed at the time-of-flighl
spectrometer IN6. The scattering sample consisted of
He adsorbed on graphite (Papex). which was kept al a

temperature of 0.65 K. The basal planes of the graphite
are in the scattering plane. Each experimental curve (the
crosses) corresponds to a different wave vector q. The
wave vectors range between 0.25 A and 2.0 A"1 and
occur at approximately equal intervals. The largest >vave
vector corresponds to the position of the roton minimum
in bulk helium. The S(</, w) have been vertically
displaced for each ц to provide a clear representation of
the excitations.

In the figure, additional curves have been drawn to
indicate the positions of the various excitations. It is
clear from the figure that, already for three layers, there
is a rather strong signal coming from a moiie that will
evolve into the bulk pltonon-muxon-roton spectrum. In
Fig. 1 this mode is the highest-energy dispersion curve.
The low-energy surface excitation (ripplon) is equally
clear from this figure. This mode is absent when the
scattering is performed on a full cell. This provides proof
that this mode is indeed related to the liquid-gas
interface. There are two more important observations.
First, between the phonon-roton excitation and the
surface mode there is i. plateau in the strength of S(q, w).
The plateau is most obvious for the larger wave vectors.
It appears that there is too much scattering to be
explained by the phonon-roton mode (whose
experimentally determined maximum line width is
obvious from the figure), the surface mode, and the
multiphonon contributions. The latter, which are highly
temperature dependent, can probably be ruled out as a
possible cause for the large plateau by looking at
energies above the phonon-roton mode. There it is seen
that multiphonon excitations produce very little
scattering at this temperature. Second, there is a
low-energy, high wave vector mode with substantial
strength located below the roton minimum.

An explanation for the plateau and the extra mode is
provided by theoretical calculations. In close
collaboration with Eckhard Krolsclieck of
Texas A&M University, and Mikko Saarela of the
University of Oulu, a generalized Feynman theory of
excitations has been developed and applied to these
systems |6]. In Fig. 2, our theoretical S(</, w) is shown
for a triple layer 4He film on a graphite substrate. The
intensity of the mode is measured by the shade of the
grayscale. To keep the figure as clear as possible, we
have chosen to omit multiphonon effects here. From
Fig. 2, it is clear that the theory predicts several modes.
At short wave vectors the surface mode is the
lowest-energy mode present. The theory shows that, for
wave vectors below 1.5 A , this mode propagates on the
surface of the film and has a strong component of the

2.0

Fig. -: Мщ1 ofthe theoretical dynamic structure function
.Vfc/.irj in h'eynman approximation for a triple-layer film
with a surface covcmue iij'0.17 A'~. The dotted parabolic line
is the boundary, which separates discrete from continuum
stales, in the Feynman theory. The darkness of the greyscule
indicates /lie bcatterina intensity.

particle's motion that is out of the plane of the film.
At high energies (15 - 20 K) a strongly coverage
dependent mode has formed that will eventually become
the bulk phonon-maxon-roton dispersion curve. Several
intermediate energy modes are also apparent. The theory
shows that these modes are "layer-phonons", i.e..
longitudinal phonons that propagate within a given liquid
layer. Layer-phonons begin having significant strength at
wave vectors around 1.0 À .

We have proposed that these layer-phonon modes are
responsible for the effects mentioned above.
The possibility of seeing at least one of these
layer-phonon modes in the experimental data is evident
from Fig. I. A rather clear mode has been indicated by
the dotted curve in that figure. Similar to the theoretical
lowest energy layer phonon, the experimental mode has a
dispersion curve that runs quite close to the surface mode
- for intermediate wave numbers (cj ~ 1.2 A"1 ' it gives the
experimental surface mode a bimodal appearance.
Interestingly, this mode appears to level-cross with the
surface mode at ц = 1.5 A , and for </ near the roton
minimum, where it has emerged out of the continuum,
the full strength of the mode is shown. It is also very
convincing that the sharp kink seen in the lowest-energy
mode, in Fig. 1 is very similar to the sharp kink observed
in the theoretical values where level-crossings occur
(</ = 1.5 A"'). In both the experimental and theoretical
S(q, w) the surface mode is no longer the lowest-energy
mode for wave vectors above the level-crossing. For the
experimental case, this is evident by studying the line
width of the surface excitation through the level-crossing
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region: below and above the level-crossing there is a
clearly defined "shoulder" in S((/, »v) which is the surface
mode. In the theoretical analysis, we arrive at this
conclusion by studying the particle current below and
above the level-crossing. At wave vectors below (above)
the level-crossing the lowest-energy excitation is a
surface mode (layer-phonon). It is also clear from Fig. 2
that there is the possibility of multiple (layer-phonon
with layer-phonon) and (layer-phonon with surface
excitation) level-crossings. Finally, in the full-cell bulk
limit, both experiment and theory show that the
layer-phonon mode has non-negligible strength and
retains an energy lower than the bulk colon! The theory
shows that the luyer-phonon propagates in the first layer
of the liquid-solid interface.
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Summary
As the only experiment at the ILL which took data

during the reactor shutdown the magnetic electron
spectrometer from BILL continued to be used lor a precision
measurement of the ' 7 7Lu p-speclrum. BILL had been
moved to the old PF1 site the year before. Another,
different, heavy neutrino rearch experiment was performed
in a collaboration with the University of Heidelberg.

Before coming to the ILL .1. Last had been involved in
the design of an electron pair spectrometer APEX (Argonne
Positron Experiment) to measure positron lines in "very-
heavy-ion" collisions below the coulomb barrier. APEX was
completed this year and started to take data. J. Last's
contribution to the experiment was the development of a
position sensitive Nal(TI) array for the APEX trigger
detector [ 11.

At the UCN facility PF2 work on the neutron Electric
Dip.ne Moment (EDM/ experiment has continued.
V. Nesvi/.hevsky from Gachina spent several months at the
ILL to study the systematic errors in neutron bottle life time
experiments with the special emphasis on the MAMBO II
set-up.

The PN I upgrade was completed during 1943 with
successful testing of the ion optics of the new electro-
magnet system with an re source. Current activities include
feasibility studies on the PIAFE project in which it is
proposed to place a thermal fission source at an in-pile
position using the H9 beam tube.

The spectrometer (JAMS 2/3. after upgrading, has been
reinstalled al the C'-le\el of the reactor. The prototype
interferometer GAMS 5T (Munich-ILL-collaboralion) has
been assembled and is currentU being tested. The new
GAMS 5 spectrometer, which will replace GAMS I has
been designed. Its assembly will start in 1944.

During 1993 A. Williams and U. Mayerhofer were
detached to the ESRF with the latter rejoining College 3 at
the beginning of December. G. Fioni temporarily left the
ILL in July to work at the ISN on the PIAFE project. He will
return to the ILL al (he end of January 1994. The
restructuring of the ILL also brought three new members to
College 3: W. Dre.xel and P. Gellenbort who will be
responsible for PF2 and P. Ageron who is interested in
experiments with slow neutrons.

In memory of W. Mampe College 3 held a one day
colloquium on 29th January. 1993. His family, friends and
physicists met at this occasion to listen to talks which
covered the broad range of Walter's scientific interests
(See also the article by M. Pendlebury al the end of the
College 3 chapter).

Scientific Highlights in 1993
At the Cold Polarized Neutron Beam
Facility PF1

Scientific activity al PFI in 1993 was almost entirely
devoted to two heavy neutrino searches. One of (hem
continued to use the BILL magnetic spectrometer while the
other one was done with a sealed down version of the
successful PERKEO neutron decay spectrometer.

The ILL collaboration with the Technical University
Munich continued to search for a heavy neutrino
contribution to nuclear [i-decay. First restricting limits for
the mass region up to 30 keV were established.
Subsequently a new and improved detector system has been
developed and installed al the BILL magnet by S. Schonert
from the TUM, It should now be possible to extend the
sensitivity for heavy neutrino admixtures for up to masses of
several 100 keV.

In collaboration with the University of Heidelberg the
PER КI NO (sic!) magnet was set up to measure the
(i-spectrum of °S with silicon detectors using a virtually
loss-free method originally developed for free neutron
decay. Our aim was to study the systematic effects which
election backscaltering could have on the spectral shape in
the region around (he energy end point. The principle of the
experimental setup is shown in Fig.I. Various coincidence
conditions and energy cuts can be imposed on the data. Il is
thus possible to extract the spectrum of electrons which are
baekscatlered from a silicon detector surface. These spectra
perfectly agree with results from complicated Monte-Carlo
calculations using the EGS4 program library (see Fig.2).
As a result of the experiment we were able to set stringent
limits on the amplitude of heavy neutrino admixtures in the
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чинк- system which so Гаг hail produced the most signifiai!!!
heavy neulrino signals (l'ig..1). We toiiiul llinl the energy
speclruni of electrons scattered from solid mailer could
create a heavy neutrino kink when superposed to the original
(j-spectrum (l-ig.4). The results uere published in |2 | .

At the Ultra-Cold Neutron Facility PF2

Work on the current neutron HDM projecl using UC'N
at II.I. by the Sussex-K/M.-IU,-Washinglon-PNPI
collaboration has continued. The mercury magnetometer
under development has jus! recently reached the stage where
it has the required signal-to-noise ratio. The next step is to
study its response lo high electric fields.
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l-'or the Mambo II project an intensive study lias been

carried out b\ I I . I . thesis student К Schorr and visiting

scientist V. Nes\i/he\sky to predict all the contributions I»

the measurement errors which vull arise when il is used in

future to measure the neutron lifetime.

This \ear saw the publication of the neutron lifetime

measurement Tn = 882.6 ± 2.7 s derived from the

KurchaUn Institute - ILL experiment carried out at the ILL

in I WO |3|. The experiment is shown in Kig. 5. It is the only

neutron lifetime experiment using UCN storage which has

used the detection of up scattered UCN at thermal energies

as \\ell as the direct detection of UCN. The storage vessel

hail \\alls of stainless steel coated with Fomblin o i l .

A reimnahle liner allotted the wall .surface area exposed to

the neutrons to he changed by a factor of about 2.5 where

this factor applied also approximately on a local basis over

all parts of the trap. lies i Jos changes of surface area,

measurements were made at room temperature and at -5.4 "C

where the l-'omhlin was fro/en. The delected neutron up

scattering rale compared with the number (if UC'N stored,

was used as a measure of the wall losses.

A number of talks on UCN were presented at the

Colloquium in Memory of Walter Mampe in January. One

of the most interesting problems discussed was that of the

much greater than expected wall losses for UCN in material

traps where steps have been taken to control surface

Imlrogen [4.51. Data for beryllium presented in the former

paper are shown in Fig. ft. Standard theory relûtes the losses
on the trap walls to the total loss cross-sections and number
densities of the wall atoms. These cross-sections can also be
measured in other experiments using the transmission of
very cold neutrons. Curves la. За and 4c show similar

increases with temperature which are consistent with what

can be expected for the inelastic up scattering of beryllium

and its increase with temperature. At the lowest temperatures
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H)>. 5: Experimental layout. Il) Entrance gates of the guide for the
iiltnicoltl lU'iili'iiiui: l2l iiii't'liiinixiii u'/i/c/i coiilrol\ the i>l<ile-\li4i>etl
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l.tf I/tin «I. I mini ti/iiitiiiii(iii diaphragm which \C[wnite\ the hif>li-
vactium chamber of the storage vessel from the neutron guides;
lf>) plate-xhiipedgntr; 17) \югаце vessel; IN) mixillian surface:
14) outer vacuum jacket of apparatus; 1101 xcatterer \i-hich removes
"siipcn rilical" iillracolii neutrons from the spectrum: III) coiled
tithe for cooling the storage vessel; I /2) heater fur the storage
vessel; 113) detectors of thermal neutrons which result from
ineu/slic scalleriiig ofullrucold neutrons Itv Ihc .\tirfttce "/ the
storage ves \el: 114) cadmium shielding.
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shown, the dominant contribution to the loss cross-section
should he capture in béryllium. The value observed for curve
la is consistent with the accepted value of Ч nib for the
capture cross-section. (The somewhat higher cross-section
seen in transmission through the sintered beryllium sample
of cur\e ,ia is expected in view of the inhomogeneilv
scattering). At Km temperatures, curse 4c from trapping
experiments shows a value which is approximately 100
times greater than the capture cross-section. The absence of
up scattered neutrons suggests that the associated loss
process in case 4с involves capture, at least at low
temperatures. These enhanced losses amount to a probability
of loss of 1-Й) ^ per wall collision.

M. Pendlebury visited Japan to see some projects on
ultra cold neutrons there. In particular the results of
experiments on UCN production in liquid helium by down
scattering of l> Л neutrons \\ere discussed [6|. The Yoshiki
fridge has been run on a cold guide at JAKKI. Up to now.
UCN hu\e to pass out through the radiation shielding
windows to room temperature regions before they can he
detected. As in the case of the fridge which has been run al
ILL. the passage through the windows seems to produce
larger than expected losses. Measurements at ILL by
physicists from TU Munich. КЛ1. and HMI on up scattered
neutrons derived from UCN stored in the helium have
indicated that the number of UCN produced in the helium is
close to the number expected from theory. Now. Japanese
physicists are developing a scintillation detector for UCN
which will work at 4 К with the aim of detecting the UCN

directly in the liquid helium. They are also starling to build
an instrument to measure the neutron LDM which will be
connected (a the frdge source and also operate at low
temperature. A UCN fridge source operating on a cold guide
like 1153 at ILL should be able to accumulate UCN to a
density of about 2()()()cm •'.

At the PNI facility LOHENGRIN

Production rates of exotic isotopes along
the ustrophysk'iil r-process path

Investigations based on data Iron) the Lohengrin
spectrometer for far asymmetric fission of -'"'U (l:ig. 7) have
shown that a simple correlation can be established between
the yield and the reaction Q-value of the process. This
correlation is exemplified in l-'ig. S and shows a linear
correspondence if yields are displayed on a logarithmic axis:

The regression analysis gives а=О..Я44 and h=-45.X(>l.
Here only ground stale masses are taken into account, the
neutron binding energy from the thermal neutron capture
reaction is omitted. The correlation coefficient for the data
points between mass 70 and mass S7 is about 0.47. which
allows the calculation of yields to a factor of .4 if estimates
for Q-v allies for exotic nuclei can he taken from tables.
The strikins! feature is that the above relation holds over

f i
85

/•ft;. 7: /wj|«/u'< milliiinl IIIM\ ili\lril>nlit>ii Inr itir ti\\'iiiiiiflric
/mid» nl ' °{'In.II ll-i'iiin .1.1.. Sittn et ч!.. \i/cl I'ln v

j J.vV).
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almost 5 orders of magnitude in the yield, and (hut mostly
the estimate of exotic isotope production can he calculated
from an interpolation rather l inn un extrapolation in the
given mass region.

From the above formula production rates of fragments
for the .standard PIAFK projects source (6..Ч kW thermal
power. 2.2-10 fissions-s ) (see chapter "Projects") have
been calculated and compared to the expected production
rate for the planned Isospin Laboratory Project, based on
spoliation induced by a I GeV, 100 |.iA proton beam in a
1 Mol UC-larget (40 kW thermal power).

In Figs. Ч and 10 this comparison is shown for /.inc and
germanium. To correct for losses in the extraction and
separation stages Ihe production rales have been scaled
down to 4.5 ''<. The following features may be recogni/.ed
from the comparison: for very neutron rich species above
mass 70 and yields from fission are orders of magnitudes
higher than for spallation. and thus fission should be the
preferred reaction if a radioactive beam facility is to be built.
The very reason for the higher yield in fission is, that i(
proceeds cold, especially for far asymmetric fission. Thus,
neutron evaporation is strongly suppressed, a feature which
is exemplified by the pronounced fine structure in the yield
curves. In contrast, for spoliation it is known thai this
reaction is very efficient for producing neutrons by
evaporation anil fragmentation, a fact which shifts the mass
distribution curves to the neutron deficient side and washes
oui any fine structure. The second advantage for fission is its
rather narrow mass distribution and the correspondingly
high yields for very neutron rich species between mass 70
and 160. This strongly enhances the figure of merit which
puts the value of the usable intensity in the relation to the
overall waste created in any reaction. This ratio reaches
about 5 </< for the most abundant species in nuclear fission.

H. Faust spent 3 months at the Studsvik Labormory to
establish the principles for a standard PIAFE source which
could be implemented in the H Ч beam tube. During his
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I-'tK. H: Correlation between the logarithm i>/ the yield far jar
asymmetric jission to the mtclitm Q-vatue. The \lruixhl line is a fit
to the data.

detachment to the ISN/Grenoble. O. Fioni was working on
calculations of the beam optics for the PlAFIf setup
proposed at the ILL site.

At the PN3 facility GAMS

Levels above 2 MeV and the onset of chaos

In 1981. a detailed level scheme for 1(l8F.r. based on
G A M S measurements was p u b l i s h e d | 7 |. The
"completeness" features of this reaction led to a level
scheme that was complete for negative parity states up
to about 2200 keV and for positive parity states to about
2000 keV. It was thought prudent to halt the development of
the l f i KEr level scheme at about these energies due to the
difficulties inherent in extending il into I he next energv

Ge-yield

76 78 80 82 84 86 88 90 92 94
mass

Zn-yield

68 70 72 74 76 78 80 82 84 86
mass

/•'/!>. V-K>: Rales for emtic ;inc ami germanium isotopes l'or и
standard PIAI-'K source compared to the IsoSpin laboratory (1SI.I
project. In both cates tile production rates him1 been scaled down
to 4.5 '/< li> account for the expected losses in the extraction and
mass separation process.
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9 4

region aiul to the desire to preserve the completeness

property. These results formed the basis for ;i number of

sueee.ssful tests of the 1BA model and the completeness of

the scheme has made this nucleus a touchstone testing

ground for subsequent experimental and theoretical work.

Recently, the original 1481 data have been further analy/ed

and new dam were added in order to propose a considerable

extension of the level scheme along with rotational hand

assignments up to energies (well above the pairing gap) as

high a.s nearly 2800 keV |8|. These data were used to argue

that there is a distinction in intensity for final stales of low

and higher К |K=0,1 \s. K=2-5) and therefore to conclude

that К remains a good quantum number in the neutron

resonance energy regionwith an excitat ion energy

Нч ~ 7-8 MeV |9|. This conclusion, which is contrary to the

usual perception that this energy regime is chaotic at low

spin and that the neutron capture levels arc complex

compound nuclear states, has aroused considerable interest.

In order to further elucidate this situation we have carried

out extremely high statistics y - y coincidence data for l h N Kr

f o l l o w i n g thermal neutron capture on " ' 7 Hr. These

measurements were carried out at the I5NL-reactor. Our

results alter considerably the experimental and theoretical

work on l f l l S Kr cited above and affect the conclusions

concerning the quality of the К quantum number in the

neutron resonance region: The claims that К remains good

and thai this energy region is non-chaotic are shown to be

based in part on bund assignments that need to he seriously

re-examined.

Interpretation of GRID profiles

First principles Molecular Dynamics ( M D | simulation

were further developed to describe G R I D prof i les

(Rossendorf-ll.L. Helsinki-ll.L collaboration). The study of

Gamma Ray Induced Doppler broadening alow s to obtain

insight into the slowing down process of atoms in solids as

well as information about short lived nuclear lifetimes. The

new calculations (an example is shown in Kig. 11 ) show that

directional correlations in single crystals can provide

information about the site in which specific atoms are

located in the lattice. With these theoretical treatments

we expect to develop the basis for new GRID-measurements

to be carried out after the reactor restart.

Secretary: Jiirgen Last
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One Day Colloquium in Memory
of Walter Mampe

On the 24th of January. IW3 physicists and friends came
together from all parts of the world to join in remembering
Walter Mainpe and discussing the field of study which had
inspired his research. They did this in the presence of his
immediate family and bore witness to the immense regard
they had for Walter in both personal and scientific domains.
In all. some 1 15 persons attended.

Walter being a most energetic and outgoing individual,
had contributed significantly to very many collaborations,
too many to present them all in a one day meeting. The
program was therefore concentrated on those topics which
the organisers felt hud been closest to his personal interests
and which had stimulated his original contributions.

Peter Armhruster. who was recently a director of ii.i. and
one of the organi/ers of the colloquium, opened the
c o l l o q u i u m and i n t r o d u c e d the I'irsi s p e a k e r .
Norman Ramsey who had worked regukirly with Wallet-
over the last 18 years. Professor Ramsey gave his lively and
moving personal recollections of Walter as a colleague and
particularly as a friend, both at work and at leisure. He went
on to describe Walter's scientific career highlighting many
of the projects with which he had been concerned. Walter's
work began with measurements in nuclear physics made
with the beta spectrometer in Munich where his thesis
supervisor was Till von Kgidy. Till gave the second talk in
which he traced a path, from the time when Walter was his
student, to some of the most recent developments in nuclear
physics concerned with the question of when nuclear slates
are chaotic and when they are not chaotic and by what
criteria this can be judged. The ideas have, been developed
using the data that have been accumulated by the wide
ranging efforts of nuclear physicists over the last few
decades. The BILL electron spectrometer at ILL was an
outstanding machine making a notable contribution. Walter
worked for three years on the development of BILL ami
after he had completed it in 1474. he became the first person
responsible for its regular operation for v isiling users. A year
later, when BILL was well established, he handed over to
Klaus Schreckenbaeh. Klaus described some of his
experiences then. The spectrometer weighed 7 Ions and
stood 3 m high with parts which extended deep into the
reactor. It was a big responsibility, lie could not help hut
remember the remark within some pages of operating
instructions where Walter had written laconically. 'If you
hear by any chance a loud bang from the 150 A. 200 V
power supply, that is. unit 10, and you see а Пате coming
out of it. you are sure that you have made a mistake'. In
spile of such dire warnings, ihe whole instrument worked
extremely well with incomparable energy resolution for
many years. Klaus recounted how. in addition to its
productivity for nuclear physics, it had been the ideal
machine for many experiments in fundamental physics, the
field to which Waller had then moved.

Walter's first project in this new area was a precision
measurement of the neutron magnetic moment. Il involved
working closely with, among others. Harvard thesis student
(ieoffrey Greene. At the successful conclusion of the project
which reached a precision of 2 parts in K)7. both were
stimulated to pursue this kind of work. Geoff was present to
describe that first project and more recent fundamental
constants experiments with neutrons which still involve
the ILL. As an outcome Waller became committed to slay at
the ILL lo become a Stall Scientist in fundamental physics.

Immediately he began to supervise his first thesis student
Roland Cahier and lo he involved with a series of beautiful
experiments in neutron optics described in talks by Ciahler
and Anton Xeilinger. Also at that lime ( 1477) ihe first ultra
cold neutron source came into operation introducing a field
which immediately became Walter Mampe's principal
research interest anil the theme of an ongoing collaboration
with ihe author, others, and in particular. Paul Ageron who
talked about all the UC'N developments at Ihe ILL. The I'irsi
collaborations concerned (lie neutron electric dipolc
monie.nl. described by Ramsey and taken up again bv
Boh (ioliib who spoke about UC'N production in superfhml
helium ;.nd new ways in which liquid helium might be used
lo measure ihe electric dipole momeni with even higher
precision in the future.

Another of the very early UC'N projects was the
magnetic storage ring for neutrons described in the talk by
Professor Wolfgang Paul. In its later version of 1ЧХ7 the
magnetic storage ring was se', up at the new ILL UC'N
source on level D which incorporated the use of the ILL cold
source with the turbine of Albert Steyerl. By this time the
storage ring hail been developed to the point of giving one of
the best neutron lifetime measurements. When its large
superconducting magnet was in operation, data was taken
under personal supervision both day and night and
Walter Mampe's input was considerable. Besides his work
with UC'N. Walter also had responsibilities for experiments
vvilh cold neutrons such as those on the neutron decay
angular correlation coefficients which were described by
Tom Bowles from Los Alamos National Laboratory where
Waller had been a visiting scientist. The results of those
experiments are combined with the neutron lifetime value to
give the basic parameters of the weak interaction ol the
nucléon al low energies.

In addition to greatly smoothing Ihe way for these many
collaborations. Walter had his own projects which started at
the first UC'N source where he studied the storage of
neutrons in traps with very clean surfaces so as to
understand heller the loss processes. Later these projects
lead naturally lo a program of experiments lo measure the
neutron lifetime by storage in material (raps. Out of this
grew a very fruitful friendship with Chris Bales who had
discovered the high efficiency of Fomblin liquid «alls in
remarkable experiments at the small reactor in Risley near
Manchester. Driven vvilh much skill and determination by
Walter, ibis program ol" experiments resulted by 14X4 in
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\\luil was, al the lime, the mosi précise neutron lifetime
measurement of SS7.d ± .vl) s. Two vcars lui or. Kussian
col leagues, for whom Waller hail a spécial regard, were able
lo make lifetime measurements wilh similar precision in
Russia and these were in good agreement with those of ILL.
Their program and iheir reiniiiiseenees of limes spent witii
\\'alter were presented vividlv in ihe talks In Analolv
Serebrov. l.e\ Bondarenko and Vasiliv Moro/ov. The
measurements al (iatehina described h\ Tolia had employed
a verv cokl Irap \\ith beryllium or solid oxygen surfaees.
Lifetime experiments with nialerial traps ha\e to he
designed so thai llie extraneous wall losses can he corrected
for with high precision. The original aim of the Gatchina
experiments had been to a\oid Ihe problem In reducing
these wall losses to below one tenlh ol one percent ol Ihe
hela decay rale. To iheir snrpri.se. ihev could nul hring ahoul
such a largi' rcduclion. Thev achie\ed losses of 3 4.
compared vviih 15 '< in ihc l-'omhlin traps, nevertheless,
gnen the flexihlc nature of ihe Cialchina apparatus, a good
hleiitne measureineni has resulted. Why ihe losses remain
ahoul one hundred limes grealer ihan anticipated remains
pu//le. in spite of considerable suliset|iienl thought and
experimentation. Vasiliv Moro/ov described separate
experiments al ihe Kurchalov Institut aimed al further
elucidating loss mechanisms on clean surfaces. These ha\e
also re\ealed unexplained enhancements. In the earls years,
large losses were found lo he linked to Ihe ubiquitous
presence of hydrogen. B\ now il is thought lhal (his is
understood and under control through vacuum haking and
cooling procedures. Perhaps ilie.ro is some other feature
causing surprises!

There is much lo learn vel in the physics of particles as
was emphasi/ed by Dirk Duhhers in his lalk which reviewed
ten fundamental questions thai neutron experiments can
continue to help lo resolve. Thus the colloquium looked
forwards as well as backwards, and in his concluding
remarks Ken Smith expressed the feeling of gratilude ol' all
those present for what Waller Vlampe had contributed in so
mam different ways to promote Ihe ongoing collective
endeavour.

Mike Pendlehun

Scientific opportunities with the fundamental physics
cold and ultra-cold neutron sources

Jiirgen Last and Mike Pendlebury

Already home of high intensity slow neutron beams
before 1991, the ILL will, after the reactor restart, offer
to the fundamental physics community two unique
facilities with the highest eold and ultra-cold neutron
fluxes currently available. Both facilities, PF1 and PF2,
are scheduled to begin their regular operation after an
initial test and commissioning phase towards the end of
1994. In the following we will diseuss the lay-out and
scientific perspectives of the eold neutron beam facility
PFI and the ultra-cold neutron source PF2 (TGV).

PF1: The new and enhanced cold neutron beam
facility

When in 1990 SN7, then still located at Ihe far end of
the old neutron guide hall, was again given the status of a
scheduled instrument, it was only to operate a few more
reactor cycles under its newly regained name PN7. Until
the reactor shutdown, after nearly 20 years of operation,
this facility featured one of the most intense cold neutron
beams in the world with an equivalent capture flux of

ф=3-10 n-cm"~-s" and, after the installation of one of
O. Scharpf s super-mirror polarizers with polari/.ation
strengths regularly between P=0.96-0.98 at
<j>jjol=5-108 n-cm"--s~', it had the highest figure of merit
Р~-фр0|. Experiments at PN7 also benefited from the
relatively low background rates due to the 110 m long,
slightly curved neutron guide.

In fundamental physics the use of cold neutrons is
often preferable to thermal neutrons. Al intensities
comparable to those of thermal neutron beams, cold
neutrons are typically 4 times slower and thus remain
longer in the measurement volume. For n-decay
experiments this immediately results in a 4 times higher
count rate. In the energy range of cold neutrons the
capture cross-sections follow strictly the 1/v dependence.
Thus slower neutrons have enhanced capture probability
and avoid complicated resonance corrections in
experiments that require high precision beam calibration.
Also a slower neutron beam can be polarized to more
nearly 100% and the polari/ation vector more easily
turned into any direction by a simple magnetic guide
field.

All these advantages were reflected in the high
demand for beam time at PN7 which was usually three to
five times more than the available reactor time. There is
a wide spectrum of scientific activities with a significant
proportion of experiments on free neutron decay, where
we count 4 lifetime and 3 correlation coefficient
measurements. Another large group of experiments
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measures parity violating features in neutron nucleus
interactions. The latter included processes like nuclear
fission and n-y reactions after polari/.ed neutron capture.

Over the years the PN7 beam quality became
degraded due to the introduction of several interruptions
in the H14-2 guide and deterioration of the natural nickel
coated guide itself. To partly remedy this situation, it was
proposed in 1992 and subsequently decided to rebuild
PN7, which meanwhile had become PF1 for Ehysique
Fondamentale, at the end position of the H53b guide
inside the newer guide hall ILL22. The same location at
the 5 8 Ni coated cold neutron guide which had been
formerly been used by the n n collaboration.

The primary H53b guide ends inside the "EVA"
casemate. There it has a usable cross-section of 6 by
12 cm", a fourfold increase over H14-2. It follows a 4 m
long s i iNi coated guide segment with the same cross-
section which will guide the neutrons into the PFI
casemate and to the polarization set-up. Measurements of
the n n collaboration established a capture flux of
H O 1 0 n-cm"2'S~' and we hope that this number can be
preserved. Thus one can expect at best a total flux
increase of about one order of magnitude. Experimental
set-ups which cannot take advantage of the significantly
enlarged beam cross-section will only benefit from the
3 times higher capture flux.

PFI will offer considerably more space to the user.
The experimental area, now securely protected by a wall
of concrete blocks is 4 m wide and 8 m long. This will
simplify TOP measurements. Adjacent to the
experimental zone, an area 4 by 4 m2 is available for
experiment preparation and testing so that an experiment
can be set up while there is still another experiment
taking data. This way we hope to reduce the loss of
valuable beam time in the set-up phase.

In these years occupied by the ILL reactor
refurbishment, the fundamental physics community has
tried to perform experiments which were originally
scheduled for PN7 at NIST, Gatchina or elsewhere.
Others have used the time to design and build completely
new experiments. There are plans for at least 4 different
new measurements of angular correlations in neutron
decay. These experiments alone will keep PFI busy for
two or maybe three years. There are also proposals for
new experiments on parity violation in nuclear systems,
that can now be carried out at higher count rates and with
better statistics. Also crucial for the understanding of the
structure of the fundamental interactions are time-
reversal invariance (TRI) measurements, and there are
already two new proposals in this class for PFI. Whether
the neutron life-time will ever be measured again in a

beam experiment at PFI is an open question. It seems as
if ultra-cold neutron techniques are more suitable for
such measurements.

Last but not least we expect a number of
technological developments to be made at PFI.
A neutron focussing device which should give a factor 5
flux increase on a 1 cm" "hot spot" is already under
development. Also, the significant "contamination" of
the НйЗЬ beam with very cold neutrons of wavelengths
greater than 9 A could be extracted with a suitable beam
bender. Such neutrons can be used to feed a future supra-
thermal source for ultra-cold neutrons or in neutron
interference experiments.

PF2: Ultra-cold neutron source TGV
and experimental facility

The ultra-cold neutron (UCN) source assembly on
level D comprising a vertical guide from the cold source
feeding the Steyerl turbine (TGV) was commissioned in
the autumn of 1985 and was in regular use early in 1986.
The major input of finance and technical effort was
provided by the TU Munich while much close
collaboration and technical work was also required from
the ILL Reactor Division.

Until this year the source had the status of a special
instrument for which the TU Munich was responsible.
Recognizing the increasing demand for and interest in
UCN, the ILL has decided to make this a scheduled
facility and has assigned the instrument name PF2.
Accordingly a leasing agreement has been made with
the TU.

At the commissioning in 1985 the number density of
unpolarized UCN with speeds less than 6 m/s at the
position of the experiments, which is about 4 m from the
turbine, was found to be 50 cm" 3. This was a
hundredfold improvement compared with the earlier ILL
SN5 thermal source for UCN, a change which
completely transformed the experimental possibilities. It
remains at present the world's strongest source of UCN.
Another excellent feature of the source has been its
nearly constant UCN output level over the five years of
running since it was installed. In fact no serious trouble
was encountered until a small leak in the vertical guide
appeared just before the shutdown in 1991. The TGV
guide also provides a beam of 100 Л neutrons with a
wavelength resolution of 20 %, which are being used for
the development of a long wavelength interferometer.
The next strongest UCN source is that of the WWR-M
reactor at PNPI, Gatchina near St. Petersburg. After the
renewal the PNPI source reaches about 1/3 of the
intensity of the ILL source but its output tends to
decrease in time so that the average has been 1/5.
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Anticipating the arrival of the new UCN source the
neutron lifetime experiment organized by W. Mampe,
employing Fomblin liquid coated walls, was rebuilt
taking account of the experience gained from a
preliminary trial on SN5. The measurements were
completed by the end of 1988 yielding a lifetime result
of 887.6±3.0 s, which at that time, was a threefold
improvement in precision compared with any other
published result. By then, the systematic error was three
times the statistical error; further progress would require
a more elaborate apparatus. A related lifetime
measurement then took its place combining ideas from
ILL and the Kurchatov Institute. This was completed in
1990 with the result 882.6±2.7 s. The world average of
neutron lifetime results published since 1987 is
886.211.6s.

The neutron electric dipole moment measurement
which had reached a statistically limited error of 3-l()"2S

e-cm running on SN5 between 1982 and 1985 was
modified slightly and transferred to the new UCN source
1986 where it ran until 1989, reaching a statistical error
of 2-Й)"26 e-cm. It too had become limited by systematic
errors which were, by then, double the errors from
counting statistics. Nevertheless, close to one order of
magnitude improvement and another world minimum
error had been obtained. For the time being at least the
high intensity UCN source had won, causing two large
experiments to withdraw to adopt a more advanced
design. In both cases new instruments have been built
and new measurements are planned at PF2 for the time
when the neutrons return.

The high UCN intensity has also made it possible to
develop a versatile monochromator for UCN. Gravity
was used to select and control the energies and the
device has been used to make the most precise
measurement to date of stored UCN loss rates versus
UCN energy. It has also confirmed a slight warming of
the neutrons after long intervals of storage which had
already been suspected from storage data from the liquid
walled trap. This may be explained by environmental
vibrations which must be shielded against for the next
lifetime experiment.

The feasibility of using UCN at PF2 to measure the
electron asymmetry in polarized neutron decay A is also
under study. As part of this exercise there are plans to
test whether a simple superconducting magnet field
configuration can be used to generate essentially 100.0 %
polarization in UCN and if so, to what extent this high
degree of polarization can be maintained during storage
in a material trap. The signal counting rate for an
asymmetry experiment will be less than in cold beam
experiments such as PERKEO II, but there may be
advantages in respect of background and polarization

measurement. The subject of anomalous losses of UCN
discussed on an earlier page must be pursued with more
detailed experiments at higher flux. Applications to use
PF2 have already been received.

Most of these experiments only need to be supplied
with UCN for intervals of a few seconds with gaps of as
much as thousand seconds in between. It is ideal for
running experiments in parallel using a switching
system. An associated problem is working space. The
principal investment planned for adapting PF2 better to
its future role is for extending the beam swi'ching system
and for extending the floor area available tt> experiments.
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The scientific activities of College 4 went on through
another year ol' the II.1. reactor shutdown without a
significant reduction of their scope. Despite the absence of
neutrons, college members pursued their research projects,
combining theoretical work and data evaluation al ILL with
neutron experiments at other reactor centers. Laboratoire
I.eon Urillouin at Saclay and the Japan Atomic Hnergy
Research Institute I.IAKRI} at Tokai. Japan, played a
prominent role in providing beams of sufficient flux for I he-
nine consuming inelastic scattering experiments. In the case
of JAKRI. a generous l-'oreign Scientist Invitation Program
permitted four college members lo bridge the large distance
from I'urope to Japan and to carry out several weeks"
experiments each. The preliminary results of three of them
are mentioned in \\hal follows.

Scientific Trends and Highlights in 1993
I'honon eigenvectors in silicon

A number of existing phenomenological models of
lattice dynamics of silicon has been recently complemented
by the potentially more exact results of «/> initia calculations
111. Although most of the different approaches reproduce the
observed dispersion relations uilh comparable accuracy.
significant differences exist between the piedicled
eigenvectors, drawing attention to their direct experimental
observation.

In a series o| experiments performed during !W2 and

on the TAS I spectrometer at the .IKK i leaetoi ol

JAI'.RI l.iapan Atomic Fnergy Research Institute. Tokai.

Japan) the problem of determining phonoii eigenvectors

from the observed intensities ol coherent inelastic scattering

was revisited | 2 | in preparation for luiure activities ol ibis

type on the TAS instruments at ILL Only scan geometries

fulfilling the conditions for good resolution have been

employed so that the observed peaks could be resolved from

the spurious ones. The inelastic structure factors were then

extracted from the complete set of integrated intensities,

observed at different Q and d> values, via a single scale

factor analogously lo the current practice in crystallography.

1-ig. la displays observed dispersion relations for the 1 |

acoustic anil optic branches along |l l()|. As a consequence

of an accidental degeneracy llieir polari/alion is elliplica1.

passing from purely longitudinal | I l()| at the Hrilloum /one

origin lo purely transverse |l)(ll | at the /one houndar_> lor the

acoustic branch and \ ice versa lor (he optic branch, l-'min llic

siruclure factors, l-'ig. I b. measured in ihfferenl Urillouin

/ones, the angle ф governing the proportion ol the two

polari/alion components of the acoustic branch was

determined. L'ig. le. together with the rotation sense - being

positive for the acoustic branch. For the optic one the

polari/alion angle is я/2-О and the rotation sense negative.

Once the polari/ation components are resolved, it is

straightforward - using the quantum-mechanical branch

crossing formalism - to extract the frequencies of the unper-

turbed LA and TOI branches, displayed by dolled lines in

l-'ig. la. as well as the off-diagonal interaction term Л.

l-'ig. Id. responsible for the coupling. In this way the 2x2

dynamical matrix providing complete description of the

dynamics of (he two branches is fully reconstructed from the

experimental data. Full lines in l-'ig. la-d represent results of

the (i/i initia quantum mechanical calculations of the latlice

dynamics of silicon which find in the present results -

comprising also frequencies and eigenvectors ii, the other

high symmetry directions - an excellent experimental

confirmation.

Measurement of phonon dispersion curves in Cr->Ô

The study of СгЛЬ, |.Ч|. having rhonihohedral symmetry,

was undertaken to follow up the investigation of the ionicily

and the polarisahilily of the oxygen ion. which was started

by measuring phonon dispersion curves up lo the highest

frequencies of about 40 Til/ in quail/ (SiO->) and in sapphire

(AI :O,). The crystal of Cr : O, with a volume of about 4 cnr

was examined on the PRISMA tinie-ol'-flighl spectrometer

at ISIS (with a limited success) and in March 1У93 on the

triple axis spectrometer TAS-1 at the JRR-3 reactor at

JAHRI.
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The investigations were concentrated on the
direction. The thriv lowest modes out of each of the five
"even longitudinal" ones and the five "odd longitudinal"
ones were measured and identified, us well as the two lowest
double degenerate "transverse" modes. Three more of the
"transverse" modes were measured and could be identified
by calculations of their frequencies and intensities fiom a
lattice dynamical model. The shell model calculations with
9 parameters reproduce the data satisfactorily well. Studies
of other symmetry directions, requiring an extended energy
transfer range, are waiting tor the IN I spectrometer after the
restart of the ILL reactor.

Incommensurate and ferroelectric phase transitions
in .Sn2P,Sef,

The dynamical behaviour of the semiconducting
compounds SiiiPiSj, and SibPiSCf, has been recently
investigated by optical spectroscopy. While the first
compound exhibits a direct paraeleclric to ferroelectric
second-order phase transition at 340 K. in the isonw.phous
Se-based compound, the same type of structural change
takes place in two steps: a second-order transition from
paraelectrie to a long-wavelength dipolar-modulated phase
at Tj=220 K. followed by a first-order "lock-in" transition
to the homogeneous ferroelectric state, at Tc=193 K. These
two compounds, as well as their solid solutions
Sii2Pi(Se4S|_x)(r are used in non-linear ultrasonic devices
because of their strong pie/.oelectric properties.

From a more fundamental point of view, the x-T phase
diagram of the mixed compounds exhibits a rather rare kind
of high-order critical point, the so-called Lifshit/ point
(X|=0.28; Tj =295 K). For x<xf, a direct paraelectric-Io-
lerroelectric second order phase transition is observed, while
for x>X| . as in SiiiPiSefi, the intermediate modulated phase
is stable over a finite temperature interval ДТ(х) = T,(x)-Tc(x).
As x—>X|/*", both the stability range ДТ(х) of (he modulated
phase and the modulation wave vector for Tc(x) < Т < Tj(x)
vanish continuously. The crit'cal behaviour associated with
Lifshil/ points has been studied so far in nemalic
lerroelectric liquid crystals and in helimagnets such as MnP.

The first inelastic neutron scattering data | 4 | were
obtained with a I cm' single crystal of SiiiPiSe().
The experiment was carried out on the TAS I thermal-beam
3-axis spectrometer at the JRR-3 icactor at JACRI.
Preliminary elastic measurements to determine the position
of the satellite reflections in the modulated state (TC<T<T,)
confirmed previous X-ray data. The polarization of the
modulated ionic displacements is found to be directed along
the a-axis of the pseudo-orthorhombic cell (a = 9.652 A.
b = 7.679 А, с = 6.810 A: (X = 90°, P = 91.4°. у = 90°). i.e.
transverse to the modulation wave vector qs = 0.085c* and
0.1 c* at 193 К and 214 K, respectively.
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Hence, in the paraelectrie phase, one expects to observe
the mixing of a soft transverse polar optie mode (TO-mode).
propagating along c* and polari/.ed along a, with an acoustic
(ТА) branch of same polari/ation. Fig. 2 shows the inelastic
response at (4.0.-Ç). Гог ъ = 0.2, 0.3 and 0.4. The upper
frequency peak (near 3.5 ineV l'or Ç = 0.3) corresponds to
the TA mode, while the low frequency tail (from 2 to 3 meV
for Ç = 0.3) was tentatively identified with the TO mode
response. This tail gradually disappears on cooling, as seen
in Fig. 3, until, below Te. = l°3 K, a normal (i.e.
symmetrical) ТА response is recovered. This behaviour
suggesls that the tail arises mostly from а ТА-ТО
interférence effect, as opposed to a true one-phonon
response. It is hoped that further mea.tinVmenls of the
coupled-mode response as a function of tempera I lire,
in selected Brillouin /ones, will enable one to extract
the independent TA and TO mode-parameters.

Magnetic excitations in CsFeClj in a magnetic field
perpendicular to the c-axis

In CsFeCI} the Fe~+-ion with effective spin one has
locally a singlet ground state (m = 0). The ferromagnetic
interactions along the c-direction and the antiferromagnetic
interactions perpendicular to it are loo weak as compared to
the anisotropy to introduce long-range order in the absence
of an external field. The excitation spectrum was
investigated at LLB by inelastic neutron scattering in an
external magnetic field up to 6 T. applied perpendicularly to
the c-axis |5| . It was found that, with increasing magnetic
field, the whole dispersion sheet is shifted towards higher
frequencies and a splitting appears. A local Hamiltonian
which neglects exchange interactions between all neighbours
can give a qualitative explanation of the intensity of the
magnetic excitations in dependence of the magnetic field.
A more sophisticated theory. RPA-diagonalisation of the
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Heisenberg Humilloniun used to describe ihe magnetic
behaviour of CsFeCI}, yields - apart from a mismatch for the
modes at high energy transfers - a satisfactory description
of the magnetic excitations of CsFeCI^ in dependence
on the magnetic field as displayed in Fig. 4.

II) Hcisenberg antiferromagnets with half-integer spin -
universal properties?

Inelastic neutron scattering at ILL in the ID phase on the
spin -S'=3/2 Heisenberg chain AgCrPiSj, indicated a spin-
wave velocity С ~ 4.6./, well in excess of the classical value
2./.S' = 3./. This result emphasix.es the strong quantum
character of the 5=3/2 Heisenberg chain and the similarity
with the S=\'1 system that has a gapless excitation spectrum
with a spin-wave velocity С = nJ/2. '.e. я/2 times the
corresponding classical value. Universal properties are
expected for the half-integer systems, but il is not
immediately evident that the relevant quantum effects are
measurable for spins larger than 1/2. The universal
behaviour could be checked via the relation between /его
temperature susceptibilities and spin-wave velocities, it is
expected that #7=0) = 1/(2лО valid for spin .S'=l/2 holds
also for oilier half-integer spins. Al present, for .V = 3/2. this
relation can be examined only by extrapolation as depicted
in the f:ig. 5 that displays the existing calculated
susceptibilities together with the experimental points |6 | .
While the /его temperature susceptibility cannot be
measured (the weak 3D interaction induces order) and has
not been calculated, the extrapolation of the temperature
dependence agrees with the value obtained using the
measured spin-wave velocity. This result is compatible with
the theoretical predictions that suggest universal critical
properties for half-integer >pins.
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Finite si/o effects in two-dimensional magnets

Whilst most crystals studied at ILL contain about l()-4

atoms, the statistical mechanics which is used to calculate
their behaviour is only exact!}1 correct for a hypothetical
system containing an infinite number of particles. Usually
one needs not worry about the fact that real systems are
finite, since N = K)-"1 is a \ery large number, and Imite-si/e
corrections to the statistical mechanics of the infinite system
are generally negligible. Theoretical work at ILL and the
E.N.S. in Lyon |7 | , has stressed that for two-dimensional
systems this is generally not true, and one must always take
finite-si/e effects into account. The essential reason for this
is that in two dimensions properties depend upon log(N)
rather than N. Coupled to the obvious fact that macroscopic
two dimensional systems only contain some ( К)-4)-'-' = К)"'
particles, one can see that log(N) cannot necessarily be
treated as an almost-infinite number.

A spectacular example of the breakdown of the
applicability of the "Ihermodynamic limit" (i.e. the
approximation N = °°) is seen in the behaviour of magnets
which approximate the two dimensional XY model: in other
words layered magnets or ultra thin films with easy-plane
anisotropy. In the case of layered magnets, it can be shown
that weak interlayer coupling determines an effective finite
si/e. which is smaller than the actual sample si/e.

Recent work | 7 | has re-examined inelastic neutron
scattering data for the layered easy-plane ferromagnet
Rb2CrClj measured on 1NI2 in the 1980's [8]. This material
is expected to show a Kosterlit/-Thouless phase transition,
where the impairing of defects in the ferromagnetic spin
structure causes a coll. pse. with increasing temperature, of
the effective spin wave stiffness Кс(1. In the infinite system
the collapse is sudden and is known as the "universal jump".

A theory which lakes into account finite si/e effects predicts
that the universal jump is severely rounded. The theory can
be rigorously tested because it predicts that KL.t| can be
derived equivalenllv from neutron diffraction measurements
of the spontaneous magneti/ation (itself a finite-si/e effect),
and from the weak-field bulk magneti/ation. as well as more
directly from inelastic neutron scattering measurements of
the spin wave frequencies.
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Fig. (1 compares l\,|| lor КгьСгС1!.) determined In these
three techniques. Tlio temperature scale is norma'i/ed In a
temperature Т ц; | which is I ho transition temperature of the
hypothetical infinite system. The figure also plots the slope
ol the curve calculated by ix'iuiniiali/alion group theory al a
U1 mpcratuix- Т \ just above ï \ | which is a special
temperature lor the I'inite system. Given the diversity of
techniques involved. Ihe agreement between the theoretical
prediction and the three experimental curves is impressive,
clearly demonstrating the occurrence of a ilet'ecl-unpairing
transition in Rbi(.'r('l.|.

Influence of dilution on the static critical behaviour
ol'.M)-Heisenher;> reentrant compounds

l'iuler a random dilution of their magnetic atoms, some
Irusiraled magnetic systems develop a peculiar behaviour
known as reentrance: when decreasing Ihe temperature from
the paramagnetic stale, thev first undergo, at T r . a transition
towards an ordered mag:.otic phase: then, al a lower
temperature, strong irreversihilities appear, characleri/ing
the onset of a spin glass like phase.

An experimental study of Ihe influence of dilution on the
static critical behaviour has been performed at 1.1.H in the
insulating frustrated system C'dC'r-i, ].s,ln-«4S4, based on the
31)-lleisenherg ferromagnci СЧЮ'т.Чд |9|. Unusually high
values of the cr i t ica l exponents j and v (2 and I.
respectively ) have been determined for the x=().()5 reentrant
compound by means of SANS measurements above T(-.
Such behaviour is illustrated by Fig. 7 which presents the
observed correlation lengths. In ihc absence of frustration,
such results arc theoretically expected in the limiting case
close to the geometrical percolation threshold. Surprisingly,
diffraction experiments done in the ferromagnetic phase led
to the ЗП-Heisenberg v alue for the critical exponent (5.

One of the effects of frustration thus appears to be an
enhancement of the disorder introduced by dilution, 'eudiiig
to the limiting values y=2 and v=l for a weak 5'/< dilution.

Although it has not been observed, the existence of an
asymptotic pure behaviour for small positive reduced
temperatures is strongly suggested by the combined results
obtained above and below T(-, Л highly interesting point is
the very probable absence of crossover in the ferromagnetic
phase, w hich means two different bcha\ jours on each side of
the transition. This is aliribuled to the presence of a long
range order, inducing а поп /его local mean magnetic field.
The expected influence of such a field is to reduce the
effect' of disorder, which appears to prevent the system
from developing a dilution induced static critical regime.

Secretary: Jiri Kulila
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The y => a phase transition in Ce

Amir P. Murani

The y =» a phase transition in cerium metal lias been
the subject of a large number of investigations. The
fee y-Ce stable at room temperature shows normal
Curie-Weiss magnetic susceptibility. On application of
pressure ( > 6 knar) or on cooling (below 110 K), its
volume contracts abruptly by ~ 14 % maintaining the
same fee structure 111. The transition to the new phase,
called rx-Ce, is accompanied by a marked drop in the
magnetic susceptibility which now shows enhanced Pauli
paramagnelism |2.3] characteristic of non-magnetic
systems which do not posses well defined local
moments.

The first theories of the y => О- transition associated it
with transfer of the locali/ed (magnetic) 4f electron to
the conduction bands. Certain experiments |4], however,
showed that the valence did not alter significantly at the
transition, and triggered new ideas based on the Mott
transition model (localized 4f electron in y-Ce =>
delocalized 4f band in a-Ce) |5]. Other theories, based
on the Kondo-lattice |6 | and Anderson impurity models
[7| have put forward the idea of the Kondo volume
collapse due to increased hybridization of the localised
f-electron with the conduction electrons in the a phase.

We have performed a neutron inelastic scattering
investigation of the temperature induced y => a phase
transition in Ce, which we believe could aid our choice
of the most appropriate model to describe the phase
transition. The measurements on the НЕТ time-of-flight
spectrometer at ISIS were, in fact, performed on Ce
alloyed with 7 at. % Sc which stabilizes the fee phase
against (dhcp) p-Ce formation. Gschneidner et al. [ 11
have reported that addition of about 7 at. % Sc
suppresses formation of (3-Ce almost completely (< I %)
and (unlike Th or other additives) addition of up to
10 at. % Sc has negligible effect on the volume change
AV/V at the transition compared with that for pure Ce [ 1 ].

The y => a transition is of first order and shows
significant hysteresis. On cooling the transition occurs
at - 1 10 К while the reverse transition is observed
at ~ 170 К on warming 11,2|. We have made use of the
hysteresis to carry out measurements on the two phases
at the same température, (viz. 125 K), first performing
measurements in the y-phase at 125 К then cooling the
sample to 20 К (a-phase) and finally warming up again
to 125 К (a-phase) where measurements were repeated
under identical conditions. A one to one subtraction
between the two data sets eliminates all possible non-
magnetic contributions due to phonons, multiphonons as
well as traces of hydrogen. The difference in the phonon
spectra between the two phases is small compared with

the resolution. The resultant difference signal measured
with neutrons of incident energy 2100 meV (the highest
energy currently practicable on the НЕТ) using two
different energy resolutions is shown in Fig. 1 where the
positive intensity structure is predominantly the y-phase
response while the extended "negative intensity" tail is
mainly the a-phase signal. In the diagram the continuous
curve represents the higher statistical accuracy (poorer
resolution) data corrected for the Ce''"1" form-factor
vanation.

-0.2
'-500 0 500 1000 1500 2000

energy transfer jmeV]

Fig. I: Spectral intensity difference between yaml a-Ce at
125 К measured using neutrons of incident energy 2100 meV
with two different energy resolutions. The continuous curve
shows lite low resolution (higher statistical accuracy} data
corrected for variation of intensity with 0} (hence Q) for fixed
scattering angle <2в>, assuming the Ce** form factor
dependence.

If we assume the modified sum rule /S(Q,ci))dco «
HQ- = n()~F"(Q)<nf> to be valid, where <ii|> is the 41"
occupancy, then numerical integration of the form-factor
corrected data (shown in Fig. 1) up to 1500 meV yields
the change in the 4f occupancy at the transition Д<п(> of
0.2 ±0.1. Furthermore, if we assume <iif> = 1 for y-Ce,
we obtain <nr> = 0.8 + 0.1 for a-Ce, consistent with
positron annihilation |4] and Compton scattering [8| data
which indicate close to fully trivalent state (occupancy ~l)
even in the a-phase. The latter measurements, however,
did not distinguish between localized and band-like 4f
states while, as discussed below, the present neutron data
suggest that ~ 0.8 electrons remain localized in a-Ce.

Low temperature (20 K) magnetic scattering in a-Ce
(obtained taking La as the non-magnetic reference) using
neutrons of incident energy 600 meV is presented
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in Fig. 2 in the form x"(<»)/co, where the continuous and
the dashed curves show the best fits to the Lorent/.ian
and the Kuramoto-Miiller Hartmann (KMH) spectral
functions 19) yielding u)0 ~ 170 and 156 meV. respectively.
The other parameter of the KMH fit a (= n<nf>/N), found
to be 0.43 ± 0.03, yields the occupancy <nr> = 0.83
(assuming the degeneracy N=6), in good accord with the
result obtained from the integrated spectral intensity.

0 50 100 150 200 250 300 350400
energy transfer (meV)

Fig. 2: Low temperature (20 K) dynamic susceptibility
response oftt-Ce represented as %"(0))/(Л The continuous
curve represents the LorenKian spectral fit anil the dashed
curve shows the fit to the Kuramoio-MUlter Hartmann function
/9/. C r i + form-factor variation lias been included in the fits.

It is interesting that the Kondo temperature T0 (TK)
for a-Ce obtained from our neutron data is fairly close to
that predicted from the linear specific heat coefficient y
via the Fermi liquid relation [10] y = П~Ьъ~<П(>/3<а„,
where (00 = T 0 (T K ) . With co0 = 170 ± 10 meV and
<nr> = 0.8 ±0.1 we obtain 7= 10.5 ± 1.5 mJ mole"1 K'2,
in reasonable accord with 12.8 mJ mole Ю~, obtained
from specific heat measurements [3|, allowing for some
(s, p, d) conduction electron contribution. A similar
evaluation for the susceptibility from the relation
X(o) = H2<n f>/3co0, yields x(o) = (3.1 ± 0.4) x
10"4 emu mole"'. This is slightly smaller than the bulk
value of 5.32 x 10"4 emu mole"1 at 50 К but the
discrepancy, we believe, can be understood.

The у minus a difference signals measured with
450 and 2100 meV neutrons have been analyzed
assuming a narrow quasi-elastic response for y-Ce. or
broadened crystal Field states, Г7 and Г8, giving rise to a
quasi-elastic and an inelastic component. For the a phase
we have assumed a broad inelastic Lorentzian spectral
response (c.f. Fig. 2). We have also included form-factor

variation of intensity with energy transfer со (and hence
Q) with the fitted functions. For y-Ce the single
component quasi-clastic fit yields a width of
7.5 + 0.5 meV while the two component crystal field fit
yields a quasi-elastic width of 5.5 ± 0.5 meV (at 125 K).
In Fig. 3 the thick continuous curve (and the short dashed
curve) represents the overall best fit to the 450 meV data.
The residue in the region of ~ 260 meV represents the
spin-orbit excitation. This is shown in the inset together
with the curve (dashed) which parametrix.es the
spin-orbit excitation (width 40 ± 5 meV, position
260 ± 10 meV) taking into account the S-O excitation
in a-Ce (see below) and the appropriate form factor for
the "Fiyi => ~F-i/2 transition [ 11J.

-100 0 100 200 300
energy transfer (meV)

400

Fig. J: Two component leust-sauares fit to the y—tt difference
signal (E; = 450meV). The continuous and short dashed
curves represent the Ce' + form- factor corrected overall jit.
The residue is plotted on an expanded vertical scale in the inset
where the Ions dashed cunv parametrici'es the S-O excitation,
taking into account the "Ay; =* ~F^ structure factor 111 ]
as well as the S-O excitation in a-Ce.

The data for E| = 2100 meV presented above in Fig. 1
are reproduced in Fig, 4 together with the resulting fits.
The continuous curve represents the overall fit obtained
for the same parameters as for the 450 meV data.
Only the vertical scale is adjusted by 12 % between the
two data sets which can be accounted for by possible
systematic errors in the vanadium calibration and
uncertainty in the scattering angle (± 0.5 at 4.5 ).
The dashed and dash-dotted curves represent the ground
(2F5/2) state components for the y- and oc-phases. The
residual intensity is shown on an expanded vertical scale
in the inset together with the curve obtained for the same
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parameters (components are shown dashed) as used to fit
the S-O region in the lower energy data, Fig. 3.
We believe the peak at - 450 meV represents the S-O
excitation in the a-phase, although its relatively high
energy as well as broad width (- 100 meV) may appear
rather unusual. It is emphasized that the S-O excitation
evidenced in a-Ce is not an artifact of the fit or the fitted
spectral forms, although its exact position, shape and
width may depend on the spectral functions (Lorentzian
or KMH) chosen to represent the ground state response.
In fact, the S-O excitation is clearly observable in the as
measured difference signal in Fig. 1. particularly in the
form factor corrected data (continuous curve). Its
relatively small intensity compared with the main
response is in good quantitative accord with theory,
taking into account the respective form factors [II].

These results together with the observed magnitudes
of the characteristic (Kondo) energies of a-Ce
(TK ~ 2000 K) and y-Ce (TK ~ 100 K) provide strong
support to the "Kondo volume collapse" theories of the
y=> a transition [12|.
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Fig. 4: Model fit u> the y — a difference intensity for
E, = 2100 meV (for the same parameters as the 450 meV data,
see text). The two components of the fit are shown by the
dashed ly-Ce) and the dash-dotted (a-Ce) curves. The residue
is shown on an expanded vertical scale in the inset, together
with a fit assuming S-O excitations in both phases,
shown b\ the dashed curves.

In conclusion, we have identified a single ion spectral
response in a-Ce, well described by the KMH spectral
function (TK ~ 1800 K) or an inelastic Lorentzian
(TK - 2000 K). Numerical integration of the difference
signal between y and a-Ce measured with high energy
neutrons at the same temperature and over the same
Q-range thus suggests that the 4f electron remains
localized in a-Ce to the extent of around 8 parts in 10.
Further evidence for localized 4f states in ot-Ce is
provided by the observation of broad yet well defined
higher-lying spin-orbit excitation at finite Q ' s .
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Life in College 5. already disrupted by the reactor
refurbishment, was further perturbed by the reorgani/alion
of the ILL in 1993. .Several of our members now occupy
more managerial positions: Jane Brown is now Head of the
Scientific Computing Group. Alan Hewat is Manager of the
Diffraction Group, and Claude /eyen is Head of the
Instrument Development Branch. Most members of the
Diffraction Group also spent several weeks shilling to ILL4.
This move puts most members of College 5 in much closer
proximity than before which should be beneficial to
icientific activity in the long term.

In spite of these changes, scientific activity within the
College has continued apace both at home and abroad. Three
College members continued detachments to other neutron
scattering facilities in 1993: Manfred Reehuis to the Hahn-

Meilner Insiimi to help to bring on-line (he four-circle
dil'fraclomeler and to introduce ihe Berliners to the 1)15
position-sensitise detector on loan during the shutdown.
Juan Rodriguc/-Car\ajal to Laboratoire Léon Brillouin. in
part lii he responsible for the I) IЛ powder diffractomeler
also on loan, and Thomas Vogt to Brookhaven National
Laboraiorv to help construct a new powder diffractometer
and develop novel monochromators of sandwiched
germanium. Closer to home Jean Pannetier spent the major
part of the vear doing industrial research in the Groupe
lincstigalions Slruclurale at I he Centre de Recherche de
Voreppeof the Pechmcv company.

In similar \ein several College members look the
opportunity of (he shutdown to make shorter extended visits
to other facilities: Sieve Braimvell to TRIl'MF in Vancouver
where he was involved in |.|SR experiments ami in
theoretical studies of frustrated magnets: .lane Broun i<>
Coimbra. Portugal, as Visiting Giilbenkian Prol'essoi in the
Physics Department and (hen on 10 Brookhaven National
Laboratory to work wilh Gen Sliiranc on magnetic inelastic
scaltering from ferromagnetic compounds showing
quadrupolar interactions: Garry Melntyre ID Lucas Heights
in Australia lo assist in the experimental program on the
Гонг-circle dilTraclomclers and to demonstrate the benefits of
position-sensitive deiectors: Claude /even lo the ISSP to
advise in the construction of the Ihree-axis spin-echo
spectrometer PONTA and to JAHRI to use the three-axis
spectrometer TAS-1 and the precise neutron optics machine
PNO. Most College members have also done experiments at
various neutron and x-ray centres in Europe and further
afield, and have always been warmly welcomed. These \ isib
often reveal elegant solutions to experimental problems
about which we. with ihe luxurv of 'high flux', have mil
worried. Being the reversal of the usual scientific tourism
they also establish new and different contacts and foster
goodwill for the future experimental program at the ILL.

The past year has also seen the departure of most of die
remaining thesis students: José De Carvalho Paixào. Klaus
Hinrichs. Olivier Isnard. Gerd Lautenschlager. Helen
Murphy and /.опт Mursic. Mark Nutley will finish at the
end of 1993. leaving only Claire Wilson who is due to depart
just as the next batch of students arrives in the autumn of
1994. Many of these students have been forced by the
reactor shutdown to perform all of their experimental work
elsewhere, and to spend the resl of the time at the ILL in
relative isolation compared to their peers at the home
universities. Rather than demorali/c. as might be expected,
this preniaiure introduction lo 'suitcase" science has but
strengthened their ability lo work independently and to adapt
quickly lo new experimental situations. Not that this is a
scenario that we would recommend for future students!

In addition to the contributions both to ihe organi/alion
and to the content of the Workshop on Magnetism and the
IAEA Materials-Research Workshop described in detail
below, several College members assisted in planning the
scientific programs of microsymposia of the 16th lUCr
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congress in Uciiing ,iml associated satellite meetings held in
August and September of I'W.v As in previous vcars several
members ol ilic College helped organi/c or Iccuncd .И the
animal HI-.K(4 I.I-.S (Higher huropean Research Course loi
l'scrs ol Large Lxpenmcnlal Sv stems i course lor voung
scientists held in thé spnng-lime. Л fine three-volume soi ol
lecture noies, edited bv .1. Baruehel. J.I.. Iloilcau. M.S.
l.ehinann. .l.R. Reynard and С. Schlenker. has rccenllv been
published In Les l-.ditions de Plnsk|iic ami Springer-Ycrlag.

\\'ilh a lillle help from oilier niemhers of [he College.
Alain l-ilhol has produced .in Lnglish \ersion of "Video II.I.
Interactive". Macintosh sol и\ иге \\hich presents the
scientific activities ol the II.I. in the form ol interactive
animation and simulation ol various tvpicul experiments
The original l-'rench version was produced lor the
technology exposition held annuallv in (irenoblc. и here H
has alvvavs been vcrv well received In scientists and lavmcn
alike, and the new Lnglish version was similarly verv much
appreciated In participant-, m ihe IAI-.A \\orkshop. This
tvpe of puhlicitv has immediate visual impact, and uiih
further support should be made more vvulelv available.

Amidst much globetrotting in search ol beam-lime and
conference interaction, scienlilic aclivnv at ihe II.1. has often
conceniraled on analvsis ol ihe remaining (.lifficull problems
of experiments done the \ears helr-e ihe sbuldown. \\hat
the scientific hiiihlighls ol IW.} lack in numbers tbev more
than compensate in depth and diversiu '

Scientific Highlights in 1993

Crystallography

The parai'lfdric and iVrnii'lvctric phases
oi'hetaint' phosphite

During ihe last decade orienlational glasses have
attracted considerable attention. These compounds exhibil a
transition Iront a crvslalline high-lemperature phase to a
glassv low-temperature state, which is characleri/ed In a
colleclive tree/ing ol reonenling moments in an
orientation.ill\ disoideied phase 'I'he besi-know n examples are
alkali liai tile - .11 kali cvamdc mi Mures, such as I KHri| v ( K ( ' \ l v .
and solid solutions of l'bll :P()4 and I Nil ,)II :P(),.

RecentK new svsienis ol this i\pe have been discovered.
namcK. mixed crvslals ol ferroelectric betaine phosphaie.
(CIl i l jNCMiCOO.HïPO, (HP), and ferroelectric bêlante
arseiiale. (Cl l ; I ,N'CH :C()().H (As()4 I li A I. and mixed
crvslals of HP. ami antilerroelectric belaine phosphite.
((TI-JiNCH.COO.IhPO. i l iPl i . both ol which, according
to dielectric ami specilic-heal measurements, exhibit а
Iruslralcd polar stale over a wide concentration range These
compounds adopt hulrogen-honded structures, where (he
Indrogen bonds ordet along linear chains while the weak
interactions across the chains determine whether the ordered
slate is ferroelectric or aiililerroeleclric. Onh limited
structural information is available, even lor Ihe pure
compounds.

\l ihe instigation ol phvsicisis at the I'mveisiiv ol
Durnisiadi. a program ol investigation ol the structural
properties nl these glasses was begun |iist bel ore the icaclor
shutdow i. beginning with determination ol the siiucluie ol
pure Ki'l in its d i l le ienl phases l-rom ilieleclric
measurements n is known to undeigo a transition to a
lerroeleclric -luk1 at 2Id K. and possiblv another transition al
177 K. In Ihe lirsl expenment the structure ol HPI was
therefore investigaied at 245 K. 140 К and III К In smgle-
crvsi.il dillraction on Did 11.2|

I he sinicture determined in llns expeiiinenl loi the
paraeleclric phase is shown in I'ig. I. This phase ol BPI
belongs to space group P2|/c w nh two hall-occupied sites
related bv inversion (.entres lor both I l i l ' i and IIM5i
I I'ig. 21. ( )rdering ol one or both ol these protons In remov al
ol the inversion centre will give a lerroeleclric structure wilh
the same unit cell as al room temperature bin with the lower
svnimelrv ol P2|. In going Iront P2|/c to P2| the relleclion
eoiulitioii. hdl. I = 2n, is removed bin the additional
reflections inav be verv weak il ihe 5(1 remaining atoms in
the new asvmmclric unit are sti l l verv nearlv
centrosv innieli icallv related. Tins was indeed Ihe case, but

/ /',' / ///( <m тип n ft nun ol hcltiuit f>lio\[>hiit <// -l^ A

in llir/IIIKH In nit />liii\i ln~.il.llh n \;ii>ii\ iit-tir III /2i iiiiil Hi I4i

in hrluiiK />liii\iili(iii iiiii/hflniiK (ii \fiinli

I IV -' \lhl-llllllll illllHIIH! Ill llll1 I llllllllllV III l/ll' /Ч-llllllf Illlll

'ili i'I tin pinncli< lin />lni\r n/ htiniiH' nliii\i>hiir
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the hOI. I * Un. reflections were clearlv visible at ho I h IVOK
;nul H)K. The' siruelure refinements showed ordering ol bol h
III l.i) ami 11(15) ni both temperatures, in the chemically
more plausible arrangement ol' two icrvstallographically
independent) H-.PO; groups rallier than one HP()( group anil
one H ; PO ; group.

Ordering of Ihe hydrogens alone did not however
entirely explain the diffraction iniensilies in Ihe ferroelectric
phase: as expected from the observed ferroclecineitv the res!
of the s i r i i c l u r e a l so h e c o m e s ' s i g n i f i c a n t l y '
noncentrosymmelnc. with the atoms of Ihe phosphite group
showing the largest degree of noncentrosy mmetry al both
the lower temperatures, Furthermore the bridging hydrogen
atoms appear to he fully ordered at 140 K. yet the marked
average increase in intensity of the h 0 I. I # 2n. reflections
in going from 14(1 К lo К) К strongly suggests (hat (lie
ordering I in the sense of a phase transition) is only partial at
140 K. If true this strongly contrasts with the otherwise
seemingly similar KlbPO.; family where Ihe hydrogen
ordering and the distortion of the heav у-atom lattice go
hand-in-hand.

Thus far no evidence has been found for a structural
transition m BPI between 140 К and 10 K. although the
most recent investigation al Laboratoire I.eon Brillouin
of the temperature dependence of the additional reflections
of the ferroelectric phase has suggested ill'1 formation of an
intermediate phase around 210 K. Perhaps this is where
gradual ordering of the bridging hydrogens occurs?

At all temperatures it was clear that in BPI there is just a
single Hi 12) site near O(2). in contrast to B|> where two
half-occupied sites between O(2) and O(.i) are preferred.
The tola! transfer of Il( 12) to the helaine /witterion. as
opposed to the partial transfer in BP and the total retention
ir. the H;AsO4 group in ВЛ (inset to l-'ig. 1). is consistent
with the increase in acidity in going from Hy\s()4 to H-,P()j
toH,PO,.

Л lot of work lies ahead before u e can hope lo
understand fully the pure end members let alone the
frustrated phases of llie mixed crystals. The large
asymmetric units, particularly in the lower temperature
phases, demand extensive and precise diffraction data and

/•/i,'. 4 llu' niiili't utiir ^irin'liti'c\ i>l Ли' Mt> hi\lininlt>l
til/MiK.VIlHnyC/l'-CtlMfHl'Mfiil.
h 11M, и I'M,',.( Mini i:l l'lt( 'si 'I'/, I /.

C(23)

СП9)

C!24)

СП81

у. .'ï. Muli't iiltir \lrncltiri' nj the Nh ht'ii:\'iic ci>mph'\

RN

M'sr
RN

M = Ti, Zr, Hf M' = V, Nb, To M" = Cr, Mo, W

I- it;. .': l\o/(il>iil s/XT/V.s ч/ \>гчир •/. .ifw
K\ i \ tin iniiifii чти/).

» 5 anil group f> nu'liil\.

careful analysis lo extract physical characteristics of the
different phases and phase transitions. This is particularly so
in the frustrated mixed phases where additional occupational
and positional disorder occurs in the salt groups
|vi/. ()|5)/HM4) in BP-BPI. and P/As in BP-BA. ŝee the
inset to Fig. 11. Deuteralion would alleviate the experimental
problem of absorption, but can also change the nature of the
phase transition. Indeed, deuteruted BA has an
antiferroelectrie. rather than ferroelectric, low-temperature
phase and mixed crystals ol hydrogenous BA and deuteraled
BA also form a frustrated polar phase: but that is a story for
a later annual report!
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Half-sand» ich niobium iniido and molybdenum
liiKiimido) complexes: mctallocene analogues

lient group 4 meialloccne derivatives (('pAîCN- where
M=Ti or / r . and C'p = cvclopentadiein I ) arc оГ current
interest as precursors ю /legler-N.itla pol\ meri/ation
ealalvxtv Feilske-llall molecular-orbital calculations carried
inil on group 5 half-sandwich iniido and group d hislimido)
fragments show that lhe\ nias be considered to be isolobal
(Fig. .Ъ and electronicalh iso\ aient with the group 4
ineiallocenes. The frontier orhilals available for the
coordinalion of further ligands ha\e been calculated to lie in
a plane perpendicular to thai defined by the metal, the imido
nitrogen and the cenlroid of the cyclopentadienyl ligand tor
group 5 complexes, and to the plane of the two imido
nitrogens and the metal for group о compounds. The
structures of three of these compounds - two Mo bislimido)
complexes (Fig. 4.1 |.i|. and a rare example of a Nh ben/yne
complex (F'ig. 5) |4| - ha\e been determined by single-
er\ still \-ra\ diffraction. These structures were found to he
consistent with the predicted geometry around the metal.
The structures of a number of other Mo bis( imido) and Nh
hall-sandwich imido complexes have also been determined.
(Collaboration with Durham I'niversitv ).

penetrate centimetres rather than microns of material and

thus unequivocally provide information about the bulk state

of internal stress.

Specimens were prestrained to 1.5, 4.5 and 8 CA

compressive strain, prior to reverse (tensile) straining. The

development of internal stress was monitored by intermittent

unloading and diffraction peak measurement (the strain

being calculated from the shift of the centre of a Gaussian

peak). The results are shown in Fig. 6 plotted against

cumulative strain (S|t'|) It can clearly be seen thai internal

matrix strains build up in similar sense (but of opposite sign)

under forward straining in both tension and compression.

The load is transferred from the matrix to the elastically

deforming particles, but plastic relaxation, local to the

particles, limits the rate of increase of load transfer and after

a few percent plastic strain the rale of increase of matrix

strain tcilIs considerably.

Neutron diffraction studv of the Biuischinger effect
in a high carbon steel

The Bauschinger effect was noted as early as I.SK6 by
J. Bauschinger as "by loading in tension or compression
above the elastic limit, the elastic limit for compression or
tension respectively is lowered significantly, the more so.
the greater is the initial loading above the limit". Despite
extensive research in the intervening years however, this
effect, which is common to all inhoniogeneous materials
remains poorly understood. This is largely because the roles
of mismatched stresses between the phases and of
dislocation-based work hardening, as the load is reversed,
have not been conclusively identified. To date tlv.; only
attempt to distinguish between these two effects has been the
X-ray work of Wilson and Bate |5|. In this respect. Bragg
diffraction is a very useful tool enabling one to ireasure the
strains in individual phases via peak shifts, while the
dislocation density is related to th peak width. A study of
the Bauschinger effect has now been made by neutron
diffraction.

As in the early work on the Bauschinger effect, this study
was undertaken on a I.I r/< carbon steel heat-treated to give
~17 '/i of spheroidal cementite particles. The neutron
experiments were carried out at the reactor of NPI Re/, near
Prag on a dedicated three-axis spectrometer equipped with
elastic-ally bent silicon monochromator and analyser crystals.
Thanks to a combination of real and reciprocal space
focusing, it permits profile analysis at resolution conditions
approaching those offered by X-ray equipment |6]. Neutrons
have, however, the distinct advantage over X-rays that they

1000
с
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u
'E

8 О

-500
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tension - 0%
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tension - 8%
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cumulative plastic strain [%]

30

/•7,4. f>: The deve'opment of matrix strain as a function
ofcumultilin' plastic straining for different annpressive pre.ilrains.
The monotonie loading cun'ex are shown in hold lines.

While the load transfer increases the yield stress in the
forward direction, it decreases it upon reverse straining,
giving rise to the Bauschinger effect. This is because, upon
unloading, the load transfer leaves residual stresses in the
matrix, acting in a sense opposite to the forward
deformation. Menée upon load reversal the residual stresses
facilitate a rapid reversal of the internal matrix strain, which
is fully achieved when the plastic strain approximately
equals the prcstruin. The variation in diffraction peak
width (FWHM) with forward and reverse straining is
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displayed in Fig. 7. Again, there appears to he little
différence between evolutions due to forward loading in
tension and compression. Immediately "upon load reversal
the width decreases abruptly - reflecting relaxation of
residual matrix strains, also responsible for peak position
shifts. After a transient period the width becomes related to
the net strain rather than to the cumulative strain, reflecting
the evolution of the dislocation substructure under new
conditions.

Crystallography and Magnetism
Magnetic ordering and excitations in electron-doped
superconducting materials

The magnetic properties of high temperature-
superconductors and related materials have been
investigated in great detail following the suggestion that
these might play an important role in the superconducting
mechanism. The Cu ions in these materials carry an unpaired
spin and therefore it is possible that the magnetic
fluctuations are responsible for the Cooper pairing. Indeed,
fluctuating two-dimensional antiferromagnetic spin
correlations in CuOi planes have been reported to exist up to
very high temperatures in these compounds and persist even
in the samples which are doped to become superconductors
and in which no magnetic transition occurs. The magnetic
properties of the hole-doped superconductors La2.xSi\CuC>4
and RBaiCu^O^ (R = rare-earth element) have been
investigated quite extensively. Superconductivity has also
been discovered in the class of materials Ri.xMsCuO4
(R = Pr. Nd. Sm and Eu: M = Ce. Th) for which electrons,
rather than holes, are the charge carriers. Systematic
investigation of the magnetic properties of the electron-
doped superconductors could further elucidate the possible
relationship between magnetism and superconductivity.

The magnetic ordering of the parent imdoped materials
RiCuOj has been investigated for a number of rare-earth
ions. The Cu magnetic moments in RiCuOj order at
temperatures in the range 250 - 285 K. The rare-earth
moments, when they are non-/ero. order at much lower
temperatures (1-6 K). Systematic neutron-scattering
investigations on RiCuO4 (R = Pr. Nd. Ku and Gd) were
performed initially at the ILL. After the unfortunate shut
down of the ILL reactor several ILL scientists continued
these investigations at other neutron scattering centres.

GdiQiO4 behaves differently to the rest of the R;>CuO4

family Although Gd-.CuO4 is as easily doped with Ce or '\\i
as the other members of the family, it does not. as they do.
become superconducting. Several explanations have been
suggested for the absence of superconductivity in this
compound, hul they are not convincing. GdiC'uX^ also
shows weak ferromagnetism below the copper ordering
temperature. The magnetic ordering of GdiCiiOj was
studied at low temperatures by neutron diffraction at ILL |7|
and it was found that below Т = 6.4 К the gadolinium
moments order antilerromagnetically with the wave vector
k = (().(),()). Ferromagnetic Gd layers parallel to the a-b plane

Gd

Cu

O1

O2

f'ig. ti: Magnetic structure ofGd2Ct<Oj below T^Gdt- '>.4 K.
Note that the spin directions of the Си tind Gd xiihlanicex чге
il/ right angles. The structure model assumes a xiitgle-i. ordering
of the Си Mihlattice. Л doiible-k non-collinear spin arrangement
is also possible.
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are antiferromagnelicallv stacked along [0011. The magnetic
ordering of ihe copper sublatlice has also been investigated
bv neuiron diffraction al PSI |S|. The C4r+ ions in (id-,('n()4

order al T\- = 2S5 К lo a l.uiNiOj-lype antiferromagnetic
struciure with the propagation veelor k = ( 1/2.1/2.0). l-'ig. S
shows (he inagnelic structure ol'CkUCuOj below 6.4 K. The
intensily of the 1/2 1/2 I magnetic reflection increases
eoniinuonslv v, iih decreasing temperature to 45 K. Below
this temperature n starts to decrease and shows a minimum
at about 20 К (Fig. 9). There is a further sharp anomaly
at about 7 К at which the intensity of the reflection becomes
practically /его. A search for magnetic reflections at
Q = (1/2.1/2.0). (1/2.1/2.2) and (1/2.1/2.3) and other
incommensurate positions at 7 К did not reveal any
magnetic intensity |4|. This result indicates that at this
temperature three-dimensional ordering of the copper
sublaltice disappears. The disappearance of three-
dimensional magnetic ordering of the C'u suhlaltice just
above the ordering temperature of the (id sublattice is
intimate!) connected with the weak ferromagnelism
observed in GdiCu()4 |l()|. Чп.се weak ferromagnetism is
forbidden both for non-/e.o propagation vectors and in the
tetragonal space group 14/mmm of GdiC'iiO.^ some
structural distortion which changes the periodicity and
lowers the symmetry must be present. A model in which the
oxygen atoms are displaced perpendicular to the ideal C"ii-O-('u
bond direction in accordance with the X-ray measurements
was proposed [l()|. Of the two possible displacement
patterns the more likely is the one for which there is a real
antisymmetric exchange interaction of the D/valoshinski-
Moriya type between the nearest neighbours within the
CuO;. planes. i| has been assumed that these displacements
are perfect!) correlated in each C'uOi plane, but there exists
no correlation of displacements from plane to plane.
This model provides a possible explanation for the nature
of the transformations of the magnetic structure which occur
at temperatures below 50 K.

The magnetic ordering of the Cu ions in a single crvstal
of HibCuOj has been determined at MIST | I I |. Magnetic
reflections corresponding to the wave vector k = ( 1/2.1/2.0)
develop below the Neel temperature T N = 265(5) K.
showing a long-range antiferromagnetic ordering of the Cu
moments in ЬдиСиОд. The low-temperature saturated
moment was determined to be 0.4(0.1) |Дц. with the spin
directions restricted to the a-b plane. Magnetic field-
dependent studies show no hysterelic behaviour at
intermediate temperatures, which strongly suggests that the
antiferromagnetic spin structure is of the non-collinear
douhlo-k type previously observed in SiibCuOj as well as
NdjCuOj al intermediate temperatures.

The dispersion of the singlet-doublet magnetic excitons
of the Pr + ions in the singlct-ground-siale system Рг-ХЧЮд
was measured by inelastic neutron scattering at NIST |I2|.
The excitons exhibit significant dispersion both within the
basal plane as well as along the c-axis direction, directly

demonstrating the Pr-Pr exchange interactions. These
exchange interactions must be mediated through the CiiOi
hivers involved in Ihe formation ol the superconducting state.

The magnetic ordering of NdiC'uO4 al ini l l iKelvin
temperatures has also been investigated bv neutron
diffraction al H MI 113|. At about Т = 400 mK the 1/2 1/2 0
reflection which is forbidden for the magnetic structure
determined at higher temperatures starts increasing
in intensity and shows no indication of being saturated down
to 33 mK. the lowest temperature attained during Ihe
experiment. Other allowed reflections like 1/2 1/2 1. 1/2 1/2 2.
1/2 1/2 3. etc. also show anomalous increases in intensity
below 400 mK. These results strongly suggest induced
nuclear magnetic ordering in Nd->C'u()_| below 400 mK.

The Surface Supercdiuluclinn Region in Lead

Above ihe crit ical applied f ield. l l c . for a bulk
superconducting stale of a type-l superconductor
superconductivity persists within a narrow surface layer of
the m a t e r i a l , a phenomenon k n o w n as surface
superconductivity and predicted within (lin/burg-l.andau
theorv. The magnetic flux profiles within the surface
superconducting region of lead films has been measured by
polari/ed-neulron refleciometry on CRISP at ISIS and the
validity of the Ciin/burg-Landau equations examined 114|.
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In these s tudies , the t rans i t ion I'nun the bulk
superconducting stale to the surface superconducting stale
and the subsequent entire destruction of superconductivity
within the material as и function of the applied field has
been directly observed (fig 10). Analysis of the measured
flipping ratio profiles has shown tha' in both the bulk
superconducting region and the surface superconducting
region, at applied fields away from the upper critical field.
Hcv Gin/burg-Landau theory is valid and provides an
accurate model of the magnetic induction profiles within the
material. At higher applied fields, close !<> Hci the field
dependence of the magnetic induction profiles may be
modelled by assuming that the characteristic Gin/burg-
Landau parameter к. increases rapidly with an increasing
applied field.

l'hast Transition in I'chTiln

Recent measurements of the bulk susceptibility and
resistivity of PdiTiln indicated a phase transition at 110 K.
A broad peak in the susceptibility occurs around 1 К) К
suggesting an ordered magnetic ground state. Above 110 К
the susceptibility follows a Curie-Weiss law. This result was
surprising since none of the constituent elements is itself
magnetic. In order to try to establish the nature of the ground
state, a powder neutron-diffraction experiment was
performed using DN5 at Siloé.

Between 300 К and 92 К the neutron diffraction patterns
are consistent with a single phase L2j structure with a space
group Fm 3 m ( o^ )• Below 92 К the patterns are
characteristic of a crystallographic distortion from a cubic
fee structure to a body-centred tetragonal one with space
group I4/mmm ( Dh7 ). The cell parameters of the cubic and
tetragonal structures are related by a, = <i, / V2 and i; = at.
The thermal variation of the laltice parameters and the unit
cell volume determined from the neutron diffraction
experiment are shown in figures (II) and (12) respectively.
At 92 К there is a huge discontinuity in the lattice
parameters, consistent with a first order transition. The a
parameter is seen to increase abruptly. Да/а = 0.35 r!<. while
the с parameter decreases. Дс/е = 0.68 9r. In contrast the
volume shows no anomaly at 92 K.

Nor. in contrast to the static susceptibility data, did the
neutron diffraction pattern show any evidence of long-range
antiferromagnetic order, i.e. there were no additional
magnetic peaks. Due to the extinction conditions associated
with the body centered structure (h+k+l = 2n) the 001. 100,
I I 1 and 102 reflections arc systematically absent. The
absence of these peaks leads to the following conclusions:
either there is no long-range untiferromagneiic order with a
significant moment, or there is only a ferromagnetic or
ferrimagnetic coupling of magnetic moments on two
crystallographically different sites, i.e. between Pd and Ti
atoms. This would give a small contribution to the intensity
of the nuclear Bragg reflections which would not easily be
detected in a powder experiment.
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The results are consistent with an instability of the local
moment which would give rise to the structural phase
transition | I 5 | . More detailed analysis of the magnetic
measurements suggest that (he ground state is probably
ferrimagnetically ordered, which would produce only a
small magnetic contribution to the intense nuclear Bragg
peaks. In order to solve this problem, polari/.ed neutron
diffraction measurements on a single crystal are required.

The magnetic structure of UCo2P2

While UFeiP2 and UNbPi crystalli/.e with the body

centered tetragonal ThCriSii structure (I4/mmm).
has a structure, which can be derived from that of ThCr->Si->
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The symmetry of the underlying magnetic structures in
phases AF3 and AF2 is identical. It is incommensurate with
the crystallographic hitlice and can be described by a
propagation vector k = (-0.214. 1/2. 0.457). In AF3 the
magnetic moments are semi-ordered. The component
parallel to the a-c plane is sinusoidally modulated in
amplitude, whereas the component perpendicular to the a-c
plane, i.e. parallel to the |() 1 0] direction, is disordered.
The phase transition from AF3 to AF2 on cooling involves
an additional oidering o: die component of the magnetic
moments in the (0 I 0| direction, leading to an elliptical
spiral structure in AF2. The basal plane of the elliptical
spiral is spanned by the b-axis and the direction of the
magnetic moments in AF3, the so-called easy direction.
In phase AFI the magnetic .structure is commensurate with
the crystallographic structure, being described by a
propagation vector k = (± 1/4, 1/2, 1/2), i.e. wild a magnetic
unit cell 4a, 2b, 2c. The magnetic moments are collinear and
parallel to the easy direction in the a-c plane, forming an
angle of 37° to the a axis, like the ordered part of the
magnetic moments in AF3.

by an interchange of half of the Cr and Si positions.
The resulting CaBeiGci-type structure has the space group
P4/nmm (fig. 13). In UCo-pPi the Co(l) and the P( 1 ) atoms
are at 2a and 2b respectively, and the U, Co(2) and P(2)
atoms are at positions 2c each with different /. values.

Both the uranium and the cobalt atoms of UCo2P2 carry
magnetic moments. Their order was investigated for
polycrystalline samples with a SQUID magnetometer and by
neutron diffraction on D20 just before the shutdown |16].
The magnetic cell (Fig. 13) is doubled along the с axis
|k = (0, 0, 1/2)]. The magnetic moments of the uranium
atoms are aligned antiferromagnetically and parallel to the
с axis with ц с ч р = 1.58(5) Ц|5 and a stacking sequence
+ + --, + + --. Of the two cobalt sites only one shows order
with the magnetic moments p^p = 1.14(7) Цц again aligned
parallel to с and therefore parallel to the adjacent uranium
moments. In going to higher temperatures the order of the
uranium moments disappears at 170 K, while the cobalt
moments still show considerable (antiferromagnetic) order.
The field dependent susceptibility measurements in the
SQUID magnetometer indicate that the magnetic order of
the cobalt moments can be changed to be ferromagnetic by
applying a magnetic field.

The magnetic H-T phase diagram of MnWO4

Previous resu'ts, which were obtained by neutron
diffraction experiments on powders and single crystals,
revealed that MnWO4 undergoes several magnetic phase
transitions below 13.5 К in /его magnetic field [I7|. The
magnetic phases are labelled AF3 (12.3 К < Т < 13.5 К),
AF2(8.0K<T< 12.3 К) and AFI (1.2 К < T < 8.0 К).

U

Со

Р

/•"(#. /.?: Crystal anil magnetic .structure of UCo iP-,. The moments
of tht C<>(2) atoms which lie between two antiferrmmagneticatlv
coup/et! uranium layers, are disordered.
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Susceptibility anil magneti/ation measurements revealed
thai there is at least OIK- further first-order phase transition.
when a magnetic t'iekl is applied parallel to the easv axis.
The transition field is II = 2.1 T. The I'iekl induced magnetic
phase uas characleri/eJ in more detail h\ a neutroii
diffraction experiment, which was performed on the normal-
beam dil'fraclometer DN3 at the Siloc reactor of the (TIN
Grenoble. The field and temperature ranges investigated
were 0 - 5 Т and 1.5 - Id К respective!;.. The magnetic field
was applied parallel to the easy axis.

It was found iluii the field-induced magnetic phase is
identical with phase AF2. B\ monitoring systematically the
count rate in the maximum of reflections corresponding to
the magnetic superstructures of the three magnetic phases as
a function of temperature and magnetic field, all phase
boundaries in the given field and temperature range were
determined. The phase diagram obtained from this
experiment is shown in Hg. 14. It appears that phase Л1;2
occupies the largest part of the magnetic II -T phase
diagram, including a field-depeiuleni ferromagnetic
component, which is 0.26 j.t|j at 11 = 3.8 T and T = 1.5 K.

Special care had to be taken in order to delect the
transition from AF3 to Al;2. because the satellite positions
of both magnetic phases are exactly identical. At the
transition from the paramagnetic stale to AF3 cm cooling we
looked at a magnetic satellite which is strong when the
ordered magnetic moments are restricted to the a-c plane,
i.e.. in phase A1-3. As the main difference between the phases
AF2 and AF3 is the existence of an ordered component of
the magnetic moments parallel to the b axis in phase AF2. at
the transition AF3 - AF2 a magnetic satellite was selected,
which gains considerable intensity only in phase AF2, i.e.
one which is very sensitive to the presence of this
component. This is visuali/ed in Fig. 15, where the
behaviour at /его field of two such reflections is shown on
cooling from the paramagnetic state.
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The observed transitions result from a competition
between isoiropic exchange interactions and the weak
anisotropy (L = 0 for Mn~+) of the crystal field. Considering
the entropy contribution, which was determined by a
specific heat measurement, as well as the dipole-dipole
interaction, the differences in exchange and anisotropy
energy at the phase transition AF1 - AF2 (E(AFI ) - E(AF2))
can be determined by the use of mean-field equations.
We find ДЕСЧ= 2.89 J/mol and ДЕ.ш1 = - 4.75 J/mol.

Secretaries: Garry J. Mclntyre (5a)
BachirOuladdiaf(5b)
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The Use of Neutrons and X-rays
in the Study of Magnetism
I.L.L., 21-23 January 1993

It is now more than 40 years since Clilï Shull and Ernie
Wollan carried out the first neutron experiments on
magnetism, studying polycrystalline MnO. In the
intervening years, neutron scattering has revolutionised our
microscopic understanding of magnetism. The pre-eminent
position of neutron scattering as a microscopic probe of
magnetism is now being challenged by an increasing number
of x-ray techniques, employing synchrotron radiation.
Although the interaction of electromagnetic radiation with
magnetic electrons is much weaker than the neutron
magnetic moment-electron spin interaction, this is
compensated to a considerable extent by the enormous
photon flux and high brightness of recent (and future)
synchrotron sources. X-ray magnetic scattering has made
many significant contributions to our knowledge of
magnetism over the last few years. The high wavevector
resolution, well-defined polarisation and wavelength
tunability provided by synchrotron radiation have led to an
impioved understanding of the magnetic structure of rare-
earth metals (the "spin-slip" model), to the discovery of
resonant-exchange enhancement at absorption edges, and to
a vast body of spin-dependent absorption phenomena

studied using both linear and circular polarisation
techniques. But neutron scattering has not stood still, with
advances in both techniques and applications.

What is interesting is that (here is not a confrontational
spirit between the proponents of neutrons and x-rays in
magnetism. Rather a spirit of educated compromise is
emerging as it is realised that the two techniques used
together can add significantly to our comprehension. This
complementarity is attested to by (he Workshop held at
I.L.L. in January 1993, organi/.ed by W.G. Stirling (Keele).
G.H. Lander (Karlsruhe). C. Veltier (ESRF). J.L. Marline/
(ILL/Madrid) and P.J. Brown (ILL). Over 100 scientists
participated in a series of 23 invited talks. In addition 62
posters were presented and a wide-ranging panel discussion
took place. The meeting united members of the neutron and
x-ray communities who discussed topics as varied as
magnetic x-ray dichroism and flux-line lattices in high-
temperature superconductors. The invited talks have been
published as a special edition of Physica В | 11; these
proceedings are a most valuable indication of current
advances in the study of magnetism. The organisers are
grateful to the I.L.L. and the E.S.R.F. lev financial support
and to Diana Dijoux and Serge Clais.se for their enthusiastic
help with the organisation.

We dedicate this workshop to the memory of our friend
and colleague Jean Rossat-Mignod, whose untimely death in
August 1993 brought short a most productive scientific
career. We shall all miss his scientific drive and originality,
but. more importantly, his friendship and humour.

Bill G. Stirling and Gerry Lander

Reference \ I ] Physica В 192. I & 2 ( 1993)

IAEA Materials-Research Workshop
College 5 members were responsible for organi/ing an

Interregional Training Course on Nuclear Methods in
Materials Research under the aegis of the International
Atomic Energy Agency,Vienna. Eighteen students from
wider Europe and the developing countries spent two weeks
at the ILL in May in both lectures and practical exercises.
The four IAEA-invited lecturers, from Portugal. France,
Britain and Australia, taught the systematics of powder
diffraction and small-angle scattering for the study of
materials, while ten local lecturers, mainly from ILL and
ESRF, highlighted and broadened the course with first-hand
accounts of X-ray and neutron topography, kinetic
measurements by diffractometry, polymers, high
temperature superconductors, phase transitions by powder
diffractometry. neutron spectroscopy, multilayer and
monochromator production and testing, etc. Exercises and
program exchanges on personal computers, and visits to
local reactors and the ESRF were much appreciated by the
course participants.

Sax A. Mason
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Empirical and calculated thermal-diffusc-scattering
corrections for single-crystal diffraction data

Garry J. Mclntyre

Introduction

For monochromatic X-rays or neutrons the elastic
Bragg reflections are observed superimposed on
incoherent scattering and inelastic phonon scattering.
The incoherent scattering is essentially removed by the
background subtraction, but the inelastic phonon
scattering, also called thermal diffuse scattering (TDS),
peaks at the same positions as the Bragg reflections, and
generally can be removed only by calculation based on
the elastic constants.

Unfortunately, for many compounds the clastic
constants are not known, and corrections to the observed
data for TDS are not made, the principal consequence
being a reduction in the apparent thermal displacement
parameters. Given the differences amongst scan
geometries used by different experimenters on different
diffractometers, it is little wonder that there is often poor
agreement amongst thermal displacement parameters
from different experiments on the same compound! Here
we shall see that with minor modification of the
experimental technique, particularly in measurements
with a 2-D position-sensitive detector (PSD), a purely
empirical correction can be made.

A little background to TDS

For X-rays the ratio of the one-phonon TDS intensity
to the integrated Bragg intensity is [ 1 ],

( I )

where the integration is over the reciprocal space
volume swept out in the scan, and

= (l/q2)£jlh.ej(q)]2/lpVj(q)J (2)

is the one-phonon scattering at q from the reciprocal-
lattice point h, where kB is Boltzmann's constant, Т is
the temperature, p is the crystal density, vc is the unit cell
volume, Vj(q) is the velocity of the acoustic lattice wave
with vector q, and the ej(q) (j =1,2,3) are unit vectors in
the direction of polarisation of the lattice wave.

Jj(q) can be calculated from the elastic constants

Hjmn 12],

(3)

where Ay = I m , n c i j m n q m q n and the hj and q, are the
direction cosines of h and q respectively.

If the finite resolution of the diffractometer can be
ignored the 1/q2 dependence of J|(q) permits reduction
of the 3-D integral over the volume of the scan to a 2-D
integral over the surface S of the scan volume, which, as
well as allowing the singularity at the origin to be
avoided, considerably reduces the calculation time [3].
The expression for a.\ then reduces to

oC|=(kBT/vc)/sJ|(g)g</AcosC (4)

where g is the vector to the surface element d\ on
the surface S and Ç is the angle between g and the normal
to il A.

For neutrons, the calculation of J|(q) is a little more
complicated since equ. U) is strictly valid only for the
scattering of neutrons that are faster than the velocity of
sound in the crystal, from a crystal with clastic isotropy.
Calculation of a valid correction tor slower-lhan-sound
neutrons or for neutrons scattering from crystals with
significant anisotropy is complicated [4]. A reasonable
approximation is to accept in the summation of equ. (2)
just those lattice waves with velocity less than the
neutron velocity (5|. Fortunately most crystallographic
structural studies at reactor sources are made at neutron
wavelengths for which equ. (2) does apply.

Even less background to PSD's

The recent introduction of 2-D PSD's has brought
about a minor revolution in single-crystal diffractometry
16]. One important advantage is that of optimal
delineation of peak and background in the 3-D array of
counts observed around each reflection (Fig. 1 ). This is
particularly important for weak peaks on a high
background. For weak peaks the envelope that minimizes
the relative error due to counting statistics lies in fact
within the instrumental resolution volume [7| - hardly a
condition that satisfies the derivation of the TDS
correction in equ. (4)!

With minor modification though, equ. (4) can be
applied both to weak and to strong peaks, and correction
for TDS is easier for 2-D PSD data than for conventional
detector data lo the extent that a purely empirical
correction can be made.

Correction of PSD data for TDS

a) The idealised situation

A very important implication of equ. (4> is that if the
finite instrumental resolution can be ignored the amount
of TDS included in a pyramid whose apex is at the
reciprocal lattice point (relp) is directly proportional to
the height of the pyramid, i.e., to the distance from the
relp to the integration boundary. Consequently, for
integration envelopes of the same shape but different
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size, the amount of TDS included in the integration
volume is directly proportional to the average radius of
the volume, whereas the amount of incoherent (flat)
background is proportional to the cube of the radius.
Similarly the contribution of two-phonon TDS is
proportional to the square of the radius (Fig. 1 ).

By sampling each reflection in 3-D, as is done
in scans with a 2-D PSD. we could correct empirically
for TDS, and even deduce the elastic constants.
The precision in such an empirical method would be
poor for weak reflections, especially if sitting on a high
'flat' background, but, because of the slow global
variation of TDS with the scattering vector, the
corrections for these reflections can be estimated from
those of nearby strong reflections.

Alternatively, if the elastic constants are already well
known, the TDS correction to the peak and background

Fig. 1: The 3-D distribution of counts observed around
the 261 reciprocal lattice row ofmonoclinic NiSOj.ftHiO
in a single scan on DI9, The iso-intensity contour shown
is 10% of the maximum count observed in this scan,
and for the strongest reflections corresponds very closely
to the size of the reflection integration envelope.

integration volumes can be calculated by evaluating equ.
(4) for a series of pyramids that f'l! the integration
volume, in the same manner as in existing algorithms for
single-detector data.

A convenient division is In terms of the polar
coordinates 6 and ф. Often an ellipsoidal integration
envelope is assumed, since it is a good approximation to
the instrumental resolution volume. If the integration
ellipsoid is described by,

e x V +ey-y2 + e /

2 7 2 = I

and 6 and ф are with respect to the principal axes
of the ellipsoid then

g = (exsitr9cos +Cy"siir0sin0 +e /cos0)"-(5)

and in equ. (3) gc/AcosC = gunQclQdty

b) The real situation

Unfortunately, if full advantage of the PSD is taken
to minimize the counting statistics of background
subtraction by using integration envelopes similar to or
smaller than the resolution volume, v/e are far from the
ideal situation. A correction for finite resolution must be
included.

=* J|(q) in equ. (4), is replaced by iR(q') J|(q -q')i/3q'

If we consider just one pyramid, i.e. just one direction
in reciprocal space from the relp, the convolution
becomes one of R(q') with g. For convenience the
convolution is broken into two parts:

fig. 2: The relative contributions of Bragg intensity. TDS and
background to the total intensity within integration volumes
of the same shape but different size in the idealized situation
of an infinitely small resolution function. I is the integrated
Bragg intensity, T/ the one-phonon TDS, T2 the two-phonon
TDS, and В other (uniform) background.
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a) Fraction of the resolution volume inside
the integration volume

We can assume tiiat the integration volume has the
same shape as the iso-probability contour of the
resolution ellipsoid. If in our example of an ellipsoidal
resolution function we choose as integration variables,
x' = ex~x. y' = ev"y. z' = e7"z, and shift the ideal g outside
the integral, then R = R(r') = R((x'2 + y'2 -t- z'2)' / 2) and
the integration over R is within a sphere of unit radius.
The direction of the pyramid axis is no longer 0,ф
in these coordinates but since x', y' and z \ an identical
ranges, the integral itself is independent of 6 and ф.
With the help of Fig. 3, we can deduce that the
convolution of the resolution function with the distance
to the integration boundary is,

g j R(x'2+y'2+/'2) - x'2 - y'2) - •/.'] (6a)

where the integral is over just those points for which
x'2 + y'" + /'- < I.

b) Fraction of the resolution volume outside
the integration volume

The integrand is now the distance through the
integration volume, parallel to (sin0cos0,sin6sin<|>.cose)
weighted by the resolution function. Similarly this can be
transformed to integration outside a unit sphere, with g
of the ideal situation as a prefactor,

resolution ellipsoid
smaller than

integration ellipsoid

transformed
to a sphere

rotated to be
parallel to z

resolution ellipsoid
larger than

integration ellipsoid

transformed
to a sphere

rotated to be
parallel to z

Fig. 3: Reduction of the resolution convolution to integration
within a unit sphere. The dashed ellipse or circle is the
boundary of the integration envelope; the heavy ellipse or
circle is one iso-probability contour of the resolution function,
all in reciprocal space. The arrows are the vectors for one pair
of polar angles from selected points within the resolution
function to the integration envelope.

gjR(x'2+y'2+/-'2)V(l -x'2-y'2)</xV/yVz' (6b)

where the integral is over just those points for which
."> , "> , "> ^ « i . т ', т ^ ,

x -f у +/ - a 1 and x - -ну - < I,

The total resolution factor is the sum of (6a) and (6b),
and can be evaluated numerically for the range of ratios
of integration-envelope radius to resolution function
FWKH expected in an experiment (Fig. 4). The
resolution factor is the same for all 'integration'
pyramids of one reflection.

The background is estimated from the counts in an
outer shell that is not necessarily contiguous to the peak
envelope, but with inner and outer boundaries that would
normally be chosen to have the same shape us the peak
integration envelope. The contribution of one-phonon
TDS lo this background 'measurement' is simply
proportional to the difference between the inner and
outer radii multiplied by (different) resolution factors
given by equ. (6a).

The resolution factor for two-phonon TDS is derived
in a similar manner, and is,

g | R(x'2+y'2+z'2) [V( 1-х'2 - y'2) - г']2 dïdy'd? (7a)

+ gJR(x'2+y'2+z'2)l7.'h/(l -x'2-y'2)</x'</yV/z' (7b)

Within the usual assumptions of TDS theory, an
exact correction for TDS can thus be made, even with
finite instrumental resolution. The sampling afforded by
the present 2-D PSD's, especially in X-ray diffraction,
will ultimately limit the precision of this correction and
its use as a method to estimate elastic constants. The very
fine sampling offered by newer detectors based on
charge-coupled devices might be used to advantage in
this regard. With continously variable apertures it would

010203040.5060.70809101.1 I 21 31.41 5161.71 81920
FWHH of resolution function/radius of integration ellipsoid

Fig. 4: Kesohttion factors for one-and two-phonon TDS
fora 3-D Gaussian resolution function versus the ratio of the
resolution function FWHH lo the radius of the integration
envelope. The integration envelope is assumed to he an
iso-prohahility contour of the resolution function. The total
resolution corrections for one- and two-phonon TDS are
R/' + R/"andR2' +• KI" respectively.
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even be possible to make an empirical correction with a
single detector, but with much poorer precision than with
a 2-D PSD.

Conclusions

The differences in the dependence of the
contributions to observed Bragg reflections, from one-
phonon TDS, from two-phonon TDS, and from
background, on the size of the integration volume can be
exploited to correct for TDS and to estimate the elastic-
constants empirically, provided each reflection is
sampled in three dimensions, as in scans made with a
2-D PSD. Finite resolution introduces additional
geometric factors which can be calculated exactly if the
integration volumes are iso-probability contours of the
3-D resolution function. These are strong reasons, in
addition to that of minimum relative error due to
counting statistics, for making 'routine' single-crystal
diffraction measurements with a 2-D PSD.
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Spherical Neutron Polarimetry
and Magnetic Diffraction

Francis TASSET

Introduction

In the neutron-scattering cross-section, the basic
magnetic scattering amplitudes are vector quantities, the
magnetic interaction vectors Q(k). These are projections
on the plane perpendicular to the scattering vector k
of the magnetic structure factors M(k), those vectors
being in fact the various Fourier components of the
periodic magnetic density M(r). For complex magnetic
structures, in particular non-collinear ones, it has been
shown 11, 2| that the measurement of the magnetic
intensity alone may not be sensitive enough to determine
a unique solution. Neutron Polarimetry, which measures
in addition changes in the neutron polarization, can give
more direct information on the directions of the magnetic
interaction vectors. Therefore neutron polarimetry is an
important method for distinguishing amongst "different
magnetic orders which may have the same or very
similar magnetic cross-sections" [3|.

There are actually two forms of neutron polarimetry
which we shall now briefly describe:

- Uniaxial Polarization Analysis (UPA), is the
analysis of the initial and final polarization component
parallel to an applied magnetic field. It was first
introduced in 1968 at Oak Ridge by Moon, Riste and
Koehler [4]. In magnetism, it has contributed to the study
of paramagnetic scattering 15], can detect non collinear
components in ferri-magnetic arrangements [6|, and help
to separate magnon and phonon peaks in case
of ambiguity.

- Spherical Neutron Polarimetry (SNP), which better
exploits magnetic scattering, requires a measurement
whereby all three components in both the incident and
the scattered polarization are set and measured
independently.

Presently, with our polarimeter CRYOPAD
(Cryogenic Polarization Analysis Device) [7], we are
able to accomplish such measurements in zero applied
field. In section 2 we shall explain why UPA is the only
simple technique compatible with an applied magnetic
field or a magnetised sample. In section 3 we shall
restate the theoretical formula which gives the change
of the neutron polarization vector in the microscopic
magnetic interaction. This complicated formula is
necessary to interpret SNP, and we show that
it comprises the spectroscopic subset, introduced with
UPA. In Section 4 we present a single generic figure for
the possible changes in the neutron polarisation vector
induced by magnetic structures containing centre
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of symmetry and magnetic/nuclear interference terms.
The depolarization effect due to the presence of 180°
magnetic domains is incorporated, it illustrates the
importance of SNP being able to distinguish a true
rotation from a simple depolarization effect.

Spherical Polarimetry

Basic principle

The principle of the measurement is very simple as
illustrated in Fig.l. The polarization vector of the
incident beam is set in the desired direction, then the
corresponding cross section and the direction and
strength of the scattered beam polarization vector is
determined for a given Bragg reflection.

Zero-field implementation, the CRYOPAD

Although it looks simple, such a complete
measurement of the scattered neutron polarisation is not
easy. If, as usual, we use a magnetic field to guide the
polarization at the sample position, it plays an adverse
role. The transverse component of polarization created
by our sample (see sections 3 and 4) starts Larmor
precession at high speed; due to field inhomogeneities
and dispersion in speed, it relaxes and is lost very
quickly.

To handle a proper measurement of this component
its precession from the sample axis to the analyzing
system must be controlled precisely. Spin Echo
techniques could be developed in that direction, but with
CRYOPAD we attack the problem in a different way: the
sample is kept in zero field, low enough to suppress
"parasitic precession" and to isolate the true effect
of scattering and measure it, as in figure 1.

Using Magnetic Meissner Shields

The polarizer and the analyzer system used on (N20
are based on saturated magnetic crystals and they require
high magnetic fields (2000 Oe) which unfortunately give
substantial stray fields. Knowing that even the earth field
must be eliminated, we have to provide magnetic shields
around the sample chamber. Superconducting Meissner
magnetic shields are the ideal solution to this problem.
With Niobium being transparent to neutrons and to their
polarization we have designed an almost closed
cylindrical sample chamber. The exit point for the
scattered beam being far enough from the entry point, we
ought to apply two different guide fields of arbitrary
directions in order to transport adiabatically the
polarization to and from the sample chamber. But this
ideal scheme is not directly applicable due to the
boundary condition at the superconducting surface.
Because all magnetic fields are necessarily tangent to

sample

nuclear

MM
magnetic

Q(k)

riser to analyser

/•'/д. /: The Polarimetric neutron diffraction experiment:
tin1 polarisation vector of the incident ht'tiin P is net in the
desired direction. Neutrons scattered at momentum transfer
hk/2jt experience the corresponding Fourier component
of the nuclear potential N = N(k) and of the effective magnetic
interaction vector Q = Q(k). The direction and strength
of the final polarisation Ps are kepi in zero field until
they lire measured downstream (see text).

such surfaces (Bn=0, parallel flux flow condition) it is
necessary, in order to analyse an arbitrary, non transverse
direction to proceed in two steps and use two successive
screen/field combinations [7|. First, we use a calibrated
transverse field to make the spins process until
the polarization becomes transverse. Then it enters into
a strong nutation guide field which can be oriented
in the transverse plane. Using these two magnetic
fields, precession and nutation angles are precisely
determined by using algorithms based on the detection
of zero final polarization values [8]. The final
polarization is measured with the classical analyzing
system available on 1N20 comprising a DC neutron spin
flipper, a polarizing Heusler crystal and a neutron
detector. A similar, reversed arrangement is provided
to control the incident polarization direction. More
detailed explanations on CRYOPAD can be found
in references [3, 7, 8].

The microscopic theory for neutron polarimetry

The vectorial formalism

The change in neutron polarization for a mixed
magnetic nuclear scattering process has been worked out
in its present form by Blume[9]. With k being
the scattering vector, N= N(k) the nuclear structure
factor and M=M(k) the magnetic structure factor,
we have to introduce the magnetic interaction vector
Q = Q(k) which is the projection of M on a plane
orthogonal to k

Q(k) = kA (M(k)A k) (1)
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Then we have the following expressions for Ihe
scattered neutron intensity I and the scattered
polarization vector Ps where P is the polarization before
scattering:

I = NN* + N P.Q* + N*P.Q* + Q.Q* + iP.(Q*AQ)
(2)

Psl = PNN* + QN* + Q*N - i (PAQN*-PAQ*N)
+ Q (P.Q*) + Q* (P.Q) - P (Q.Q*) - i(Q*AQ) (3)

N and Q have to be expressed in the same units using
the following scale factor:

1цв = 0.2695 КГ12 cm (4)

The four scattering cross sections in UP A

When introducing the UFA method. Moon, Riste and
Koehler [4| did not use Blume's vectorial theory for
neutron polarization rotation. Instead they derived a
more spectroscopic set of four partial scattering
amplitudes connecting the two initial and final neutron
spin states. With our notations the corresponding
expressions for the partial cross sections are:

O - - = | N - Q

(5)

(6)

(7)

(8)

theory predicts the true change (rotation and length) of
the polari/.ation vector while Moon, Riste and Koehler
partial cross sections can only tell us the ratio of the
scattered to initial polarizations in a single, yet arbitrary,
/. direction. We conclude that these partial cross section
can be used safely when applying a magnetic field at
the scattering centre as long as the incident polarization
has been strictly driven (or has relaxed) to this field
direction (i.e. no transverse component should exist at
the scattering axis which might be re-injected into the
scattered longitudinal polarization). We note also that the
analyzer must measure only the longitudinal component
in the scattered beam, but this is a built-in property in the
ferromagnetic analyzer crystal generally used.

The outcome uf vectorial polarimetry

Let us suppose that we have been able to grow a
single crystal which is a random alloy of the two existing
isomorphous phases a FeiO^ and СгтО^. Like the
pristine phases, the unit cell is rhombohedral with four
transition metal atoms in two centrosymmetric pairs on
the 3-fold axis. These two phases normally have different
periodic magnetic arrangements in the unit cell, which is
symbolized by a and p in Fig. 2. At low enough
temperature, both are collinear arrangements with
the spins aligned on the unique axis, but they differ in an
essential way: spins in a. obey the centre of symmetry,
spins in P do not. Therefore magnetic structure factors

(1)

If we assume that we know the initial polarization
vector P is in the z direction used in their formulae
(n+ and n" being the number of parallel and antiparallel
neutron spins in the incident beam), these spin-flip and
non spin-flip cross sections can be substituted into the
following appropriate definitions in order to determine
the predicted scattered polarization P," .

P = PÏ; P = - ^ r ;

where

n*+n;
n++n~

(10)

Using now the value for PS.I from Blume's equation
(3) we find that the UFA scattered polarization PS" can
be expressed simply as:

P P
pu _ * s - r

4 ~ P
(11)

This means that the UFA final polarization P" is one
component of the rotated final polarization Ps the
component which is collinear with the initial P. There is
no contradiction between the two theories: Blume's

domain population

/ 2 phase

magnetic
arrangements

FIR. 2: Neutron Polarimetry on centric antifenomagnetic
arrangements: the measurement of the scattered polarisation
vector Pjfrom mixed magnetic nuclear reflections gives
information on the ratios Q/N, including the phase,
and on the magnetic domain populations (see text). The four
basic arrangements shown in the box produce pure rotations
and the corresponding final polarisation tips are indexed
on the sphere. Only lite incoherent superposition of domains
can produce a reduced polarisation Ps.
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in a arc in phase with nuclear ones, in (3 they are in
quadrature. In addition each structure has two 180°
domains which we have shown as Rand JÎ .

Blume's Formula (3) is difficult to handle in its
generality [10] but il is made easier to understand by
studying its geometrical concequences in a particular
case. Suppose that we have the initial polarization
vertical, that we have put the 3-fold magnetic axis in the
horizontal plane and that we are looking at a Bragg
reflection in the same horizontal plane with CRYOPAD.
From the scattered polari/ation vector Ps. SNP can
extract three pieces of information.

1) The4 length of the magnetic interaction vector in
units of the nuclear amplitude is given by the residual /
vertical component of polarixation.

2) The phase of the magnetic interaction vector
relative to the nuclear phase is given by the direction
of the horizontal component. If it is in the direction of
the scattering vector k, it indicates phase quadrature
(ex: N is real Q is imaginary); if it is orthogonal to k
(as Q is) then they are in phase.

3) Having a 180° domain simply reverses the
direction of Q. Therefore the corresponding points a, a
and P, P corresponding to pairs of domains have the
same z component and П phases. For single domain
scattering we expect no change in the initial polarization
(assumed to be 100%), therefore the points lie on the unit
sphere of final polarization vectors.

The existence of several domains in the sample will
give an "incoherent" superposition of such scattering
contributions. The z component of polarization, being the
same for each domain, remains constant. On the other
hand the horizontal components of the polarization
vectors are not collinear, so that their weighted sum is
reduced in length and the polarization tip moves toward
the 7. axis. This true depolarization effect which affects
only the horizontal components tells us about the
proportion of 1 80° domains.

Using the UFA arrangement, only the z vertical
component of polarization could have been collected,
information 2) and 3) would be lost. SNP is thus the
superior method.

CRYOPAD we could remedy this situation in the case
of non magnetized samples in a strictly zero field. This
allowed us to solve several difficult antiferromagnetie
structures and to show the potential of the method.
The measurement is of a superior nature because it gives
the transverse components of the final polarisation which
distinguish a true depolarisation from a simple rotation.
But the zero field condition is central to the technique
used and cannot be overcome easily. Therefore
measurements on magnetized samples and those
requiring an applied magnetic field will still rely on the
classical Uniaxial Polarisation Analysis technique
despite its other limitations.
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Conclusion

The theory of Spherical Neutron Polarimetry has
been given 30 years ago but, because of serious
experimental difficulties, it has only been exploited
lately in systematic neutron diffraction measurements.
Therefore, magnetic neutron scattering was not exploited
to its full potential, in particular for the determination
of magnetic structures. By building the instrument

* This is a short, adapted version of:
"Magnetic structures and neutron polarimetry "
presented at the Symposium in Memory ofRemy Lemaire
"Magnetism of Rare Earth Intermetallic Alloys"
Grenoble, Lab Louis Neel, 2 July 1993.
© Journal of Magnetism and Magnetic Materials
Vol. 129 (1994).

62



COLLEGE 6

Liquids, Disordered Materials
and Metal Physics

Members of the College at ILL

I. Anderson
T. Baumbaeh
M. Boudard
P. Chicux
J.C. Cook
A.J. Dianoux
C. Doll
D. Duhos
B. Farago
B. Frick
F. Giithoff
Л. Heidemann
C. Janot

Kxternal members

M. Anne (CNRS)
J.-P. Beaufilsi ENS Lyon)
P. Becker (CNRS)
M. Bée(UJF)
M. Benmouna (UJF)
F. BleylINPG)
A. Bourre! (CENG)
J. Bouvaist (Pechiney)
Y. Bréchet (INPG)
A. Chamberod(CENG)
B. Chenal (Pechiney)
A. Cohen-Addad(UJF)
F. Cyrol (CNRS)
P. Desre(INPG)
J. Dupuy (Univ. Lyon)
B. Fak(CENG)
P. Guyot (INPG)

G.J. Kearley
C. Larligue(CNRS)
H.J. Lauter
J. F. Legrand
P .indner
A lagerl
H lulka
R. Oeser
0. Randl
C. Ritter
(). Schiirpf
J.-B Suck
.1. Wutlke

A.-M. Hecht(UJF)
J. Hilluirel (CENG)
J.F. Jal (Univ. Lyon)
F. Li vet (INPG)
Y. Maréchal (CENG)
1. Morfin (UJF)
J.P. Morlevat (CENG)
M. Pineri (CENG)
C. Poinsignon (UJF)
D. Quenard(CSTB)
G. M. Raynaud (Pechiney)
F. Rieutord(CENG)
M. Rinaudo(UJF)
G. Robert (CENG)
P. Saintbrt (Pechiney)
F. Volino (CENG)
A. Yavari(INPG)

Although I993 represents another year without neutrons
at ILL the strong support from colleagues at other neutron
scattering centres and institutes has enabled college
scientists to continue and diversify their respective lines of
research as witnessed by the interesting range of results
highlighted below. Towards the end of the year the
excitement of the approaching reactor start-up began to he
felt as preparations continued to prepare the instruments.
We look forward to a successful 1994.

Low frequency excitations in glasses

The origin of the Boson peak, which appears in
amorphous systems as an inelastic excess intensity (around
0.1-5 meVi over the calculated Debye contribution, is not
well understood theoretically. Attempts at elucidating its
origin have been made by comparing the Boson peak as
measured on polymer glasses with different microstrucUire
which differ b> the mobility of their melt. The Boson peak is

shown in F'ig.l at temperatures far belou T,, for se\eral
amorphous polymers and is compared to trans-1.4-
polv butadiene, a highly crystalline polymer, which does not
show the excess intensifs.

The interesting aspect of this comparison is the fact that
the Boson peak position shifts towards lower frequencies,
when passing from sterically hindered polymers,
like poly(isohutyiene). toward1- very flexible polymers, like
polyfdimethvlsiloxanel or polyl\inylchloride). The peak
position is plotted in Fig 2 as a function of the monomeric
friction coefficient (deduced from shear \iscosiiy) and
shows a clear correlation between a diffusional properly
aho\e T,, and a \ihrational properly below T,,. As a reminder
we note that neutron spin echo experiments on very different
glass formers had clearly shown that the observed
microscopic relaxation aho\e T,, follows the same
temperature dependence as the friction coefficient, which
has been deduced from the macroscopically measured shear
\iscosiiy. The Boson peak is attributed to vibrational or
lirmitional modes in the disordered system and in
consequence it is proposed that the mobility of molecular
units abo\e T,, determines how the system is fro/en or
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measurements on poly (isobuiylenel (-(СТЬ-ОСН^ьИ. They
attributed the observed excess intensity to tunnelling and
found tin inelastic form factor which reaches a maximum
just at the limit of the experimental Q-range. The aim of
experiments on polyisohutyleiie carried out at the thermal
triple axis instrument BT4 at NIST | l | . was to extend the
Q-range above (i A . where for the proposed parameters
a maximum of the inelastic form factor and a further
minimum should be observed. Several temperatures and two
different sample thicknesses gave the result that the inelastic
intensity can well be explained by vibralional properties
only The inelastic intensity, corrected for Bose occupation
factor and the Dehye Waller factor deduced from the elastic
scattering, follows nicely a Q--dependence for all
temperatures as shown in Hi». 3 and thus contradicts the
proposed tunnelling model as origin.

(Jlass transition dynamics

.1. Wutlke and W. Petry continued their investigations
into the glass transition dynamics of simple organic liquids
in collaboration with К l-'ujara and l-l. Sillescu (Unix1. Main/).
As a model case which is intermediate between fragile
molecular systems and strong network glass formers.

trapped within the metastable states of the complex energy
landscape of the glass. Another known experimental result,
namely the fact that network glasses exhibit the Boson peak
at even higher energies fits nicely into this picture.

Recently it has been proposed that phonon assisted
tunnelling should be the origin of the Boson peak. Kanya
and co-workers have compared model calculations for
tunnelling within an asymmetric two level potential with
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the associated liquid glycerol was studied by two
complementary techniques, incoherent neutron scattering
and depolari/.ed light scattering. Neutron scattering
experiments on C^IIslOD)? were performed with
(i. Codtlens at the Mihcmol tinie-of-flight speclronieter at
Sacluy: light scattering in normal glycerol was measured
with J. Hernande/. Ci. Li, and H. Cummins at the City
College of New York.

In the susceptibilities XNilP"1! = <"SN,L(q(l>)- I w i ) maxima
can be aitrihuted to structural relaxation (d-peak) and to
excess phonon scattering (boson-peak). Both present
characteristics that are known from many other glass
forming materials. In addition, there is a smooth, non-trivial
contribution filling the gap between both peaks which
resembles the anharmonic locali/ed motion (last (i-proccss)
observed previously in fragile liquids and described by mode
coupling theory (MCT). In this region (as well as for the
harmonic excitations in the Boson peak) the spectral shape
of the neutron scattering susceptibility XN!<"> = XN(q<u|/hiv(q)
is independent ol c| (Fig. 4).

This property makes it possible to compare XN(">!
d i rect ly to the suscept ib i l i ty xi>>) = X Ï W n . o f
light scattering measured at a much smaller q (4. КГ1 А"1'.
Over the full range, both methods probe the same dynamics.
Even in the q-dependent oc-rclaxation regime the curves

coincide, indicating that depolari/ed (2nd order) light
scattering couples to particle motion on a molecular length
scale. Further experiments are needed to decide whether
quantitative differences between both data sets are physical.

In the temperature range 270-413 K. scaling behaviour is
found over three decades in frequency around the minima of
X<co) (Fig. 5). The master curve, however, does not follow
the predictions of MCT (the asymptotic slope of the high
frequency wing should be smaller than 1/2, and it should be
smaller than the negative slope of the low frequency limit).
The scaling of MCT, if at all, holds in a considerably smaller
frequency window where scaling extends down to 243 K.
The deviations at low frequencies suggest that the influence
of vibrational motion and possibly of bond-breaking
processes is much stronger in network glass-formers than in
fragile materials.

Collective dynamics in mixtures of liquid Kb
iind molten KhBr

Mixtures of simple liquid metals and their molten salts
are a very interesting class of liquids also from the point of
view of their atomic dynamics, as the interplay of optic and
acoustic modes in the salt rich mixtures should lead to an
extinction of acoustic modes in a well defined region of
momentum transfers. In addition they offer the possibility to
change the interatomic interaction from a predominantly
metallic one on the metal rich side of the phase diagram
to dominating ionic interaction at medium and high salt
concentrations. Measurements of the partial static structure
factors indicate that this transition from nearly free electron
behaviour to first influences from charge ordering starts
to be observable already al a salt concentration
of 20 mole%, i.e. a concentration of only 10 mole'ft of
the non-metallic ions.

The collective atomic dynamics in a mixture of 80% Rb
and 2()'7i RhBr was therefore studied at two different
temperatures well above the liquidas of the mixture using
the cold neutron TOP spectrometer IN6 with an energy
of the incident neutrons of 4.7 meV |2|. In contrast to liquid
Rb. where collective excitations arc observed as maxima and
shoulders in the dynamic structure factor S(Q,co), no such
structure is evident in S(Q.<u) of the mixture at both
temperatures, in complete agreement with earlier
investigations of ionic melts. However, from the maxima of
the longitudinal current-current correlation function J](Q,co)

/•"/.V. ."<: Reseated susceptibilities X"<taf(l)mm^Ximn- neutnm <i"l>)
anil lii>lu Ihiniiiml scaltci'iiix diilti arc separated vertically
tor clarity. Then1 is n wide scaling regime fur températures
from 270 In 413 K, extending over three decades.
If lower temperatures (2J.1-263 КI are included, the scaling
loses accuracy. e.\cept in a narrinr range of not more
than one décatie where i: can he filled with the matter junction
o/'MCT 1^ = 0.72).
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dispersions were obtained. In Fig. 6 the dispersion of liquid
Rb measured at 776K and obtained in (he same manner is
compared with the dispersions of the mixture measured at
%6Ktmd lldOK.

The eolleetive dynamics of the atoms in a mixture of
80 mole'/f liquid Rb with 20 moler/< molten RbBr as far as
reflected in the maxima of the longitudinal current
correlation function lead to dispersion O)j(Q) with two
minima in the region of momentum transfers investigated
( 10 < Q < 30 nm"'). The position of the first at Q m m can be
simply related to the principal peak al Qp in the static
structure factor and even partly reflects its extension in
Q-space. Tiie second minimum can be related to the second
maximum in SMX(Q). It could therefore reflect the influence
of a change in the interatomic potential due to a change in
the screening mechanism after adding 20 mole'/< salt to the
liquid metal. At the higher Q-values covered here, the free
particle dispersion starts dominating the dispersion curve.

Local order in polyatomic and complex systems

Disordered systems of increasing complexity might still
present clearly identifiable local atomic arrangements.
Although isotopic marking of a reference atom is a very
attractive and efficient method to access the local structure
in such systems, many other approaches have been
successfully tried, giving insight into the loeal and medium
range ordering. Combination of neutron and X-ray
scattering, isomorphous, chemical and isotopic substitution,
concentration dependence and temperature variation (liquid,
undercooled liquid, glass) are used in the following studies
which are characteristic examples of recent developments in
this field. Of course, this is also an area where further
progress is expected from the use of simulation to test
various models of local and medium range order.

The total structure factor S(Q) of liquid LiNbO^ has been
obtained in a temperature range I623K > Т > 1490 К which
includes undercooling |3j. From an analysis of the total pair
correlation function G(r) compared with the results of an
X-ray scattering experiment as well as with the crystalline
structure, it has been possible to extract with precision the
nearest neighbour distances г^ь-о ro-O- rl.i-O a n c ' t n e

corresponding coordination numbers. The Nb atoms remain
octahedrally coordinated up to one hundred degrees above
the melting point. Interconnection of these octahedra by
corner-sharing and tightening of their arrangement via Li
atoms with a small coordination number (nt j . o ~ 3). is also
shown. At this local order level, no clear explanation is
found of the large density difference observed between
liquid and solid LiNbO^.

A systematic investigation of liquid aluminium-transition
metal alloys AIX()M->(). via isomorphous substitution, has
allowed us to find some indications of local icosahedral
order in the number-number structure factor S N N of
quasicrystal forming liquids, which were absent in other
liquids such as Al8()Ni2o- These indications are the existence
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t harder ami 2nd minimum tit 22 nm'1 > ami of the broader static
structure factor on the dispersion curves of lite mixtures.

of a sharp first peak, the shape of the second peak, which
tends to form a double component peak at positions 1.7 Q|
and 2 Q| (Q| being the first peak position) and the height
ratio between the two first peaks close to the value of
0.49 given by a Landau description of icosahedral order.
The construction of Voronoï polyhedra in quasicrystal
forming Alxolvh() liquids simulated by molecular dynamics
has confirmed this point of view, but the percentage of atoms
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with complete icosahedral symmetry is limited to a few
percent. A siudv of the quasicrvstal forming liquid alloy
Al7iPd|,|M|0 with M = Mnx(l;e( r)|. x was undertaken using
the isomorphous substitution between Mn atoms and the
a-FeCr mixture to confirm these results. The three partials
of a psetido-binarv representation of this system (AI and Pd
being nearly equivalent) were obtained. The SN N itself was
directly measured for the ease y = 0.254. and it
superimposes very well in reduced Q/QI coordinates on the
SNN; of liquid AIX()Mib|) in which icosahedral order had been
seen b\ molecular dynamics |4 | (Fig. 7).

Numerous studies on vitreous solid electrolytes have
shown thai it is possible to increase significantly the ionic
conductivity of these glasses by addition of a doping agent
(e.g. AgXi in a weak ionic conductor (e.g. AgPO,). Several
models have been proposed lo describe ihe role of the added
halidcs in the conductiv itv mechanism, but microscopic
investigations were lacking. Since it is impossible lo extract
the full set of partial structure factors in such quaternary
atomic systems, an extensive set of determinations of Ihe
total structure factor have instead been undertaken, varying
the nature of the halide (CI. Br. I). Ihe AgX concentration
and the C'l isotopic concentrai ion lor an AgC! mixture ( 'Ч.М.
! S-Yl. "4M. !7(M). In all cases, the AgPO, structure is
unaffected by the addition of AgX and the system can he
considered as biphased. This is so true, thai the fraction of
AgPO, structure could be subtracted from the total structure
factor, giving access to the remaining AgX pattern.
Moreover, the low О range of the structure (0.2 ' Q < 2 A"11
is very sensitive to the nature of the X nucleus, its isolopie
enrichment and lo the As;X concentration. A detailed sludv
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done for five Agi concentrations shows that the prepeak
observed between I and 0.5 A has a position which
decreases linearly versus the increasing volumic fraction
in Agi suggesting a structure witi. nanoaggregales of Agi
of increasing si/c embedded in a AgPO; matrix | 5 | .

As mode coupling theory of Ihe glass transition which
predicts dynamical anomalies close to a critical temperature
T c located above Т„. is expecled to work better the more
"fragile" the gl:-ss former. OTP (orlholerphenyl I was
considered lo be a proper model sy.siem vvilh relalively
symmetrical and rigid molecules. This has led lo a series of
experiments anil lo the proof of the existence of Tc at about
2°0 К in this system. However, nothing was known about
the structure of OTP. although the structure factor S(Q) is of
the utmost importance for ihe interpretation ol the dynamical
behaviour as it is assumed that SlO) varies smoothly in Ihe
temperature range where dynamical anomalies are observed.
Studying Ihe temperature dependence of the static stuclure
factor of OTP we find that in contrast lo whai is known from
simple liquids, the main peak of S(Q) is split into two
maxima which behave quite differently. Supercooling the
system down lo T,,. the maximum at Q = 1.4 A'1 is not much
affected, while the one at 1.9 A is significantly enhanced.
This effect cannot be related lo a change of intramolecular
configurations (the intramolecular .structure playing a role at
larger Q values and being apparently unaffected by
temperature variation) but is due lo the intermolccular
siriciiire. However, it varies smoothly, with no discontinuity
around T c . The physical origin of this temperature
dependence of S(Q) and its effect on the Q dependence
of the dynamics around Tc are being investigated |6 | .

The investigations into the structure and dynamics of
quasicryslals has continued with experiments using X-rays
and neutrons (see Blue Box). In particular the anomalous
X-ray diffraction close to the Pd K-edge has enabled the
determination of the Pd partial structure factor. The results
contradict the idea that atomic surfaces in the 6-dimensional
images should be sharply faceted polyhedral objects. Recent
(k oretical results suggest that the atomic surfaces might
nave fractal!) shaped borders.

Collective Kxcitations in 4He

The dynamic structure fuclor S(Q.co) in the collective
excitation regime of liquid 4He has been measured over a
wide range of temperature and wave-vector on IN6 | 7 | .
The results summarised in l-'ig. cS show the variation of the
scattering function with temperature at waveveclors of
().4A"'(phonon). 1.2A"1 (maxon) and I.9A"1 (niton). Note
that for clarity the data used lo produce these figures have
been smoothed so ihey provide only a qualitative illustration
of the t e m p e r a t u r e var ia t ion of the s c a t t e r i n g .
The temperakii'c dependence in Ihe low Q region appears
simple. The scattering consists of a single, sharp peak which
broadens with temperature: the mulliphonon component
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is relatively weak und well separated IVoin I he single
excitation peak. The rate of broadening of the onc-phonon
peak appears lo eliange at or near to the lambda transition
temperature. 1\. but a well defined peak remains visible in
the normal fluid phase. At the maxon waveveetor. the low
temperature scattering function is seen to consist of a sharp
peak superimposed on a broad multiplionon background,
which changes little with temperature. The sharp peak
however, is seen to disappear at T^, suggesting that it is in
some way a "signature" of the superfhiid phase, connected
with the existence of the Bose condensale. The situation is
similar at the roton wavevcctor. Here the sharp peak is also
seen to disappear at 'l\ and the scattering in the normal

Q = 1.9 A1

HK- "•' /•/£'"'<' I. Three dimensional representation of the

lenipenitiire dependence o/'S(Q,(i>)for 4Hc tit Q=0.4 A'1. 1.2 A'

ami I.<JA~'.

phase is peaked at an energy (of the order of 0.5 meV) lower
than that of the sharp peak characteristic of the superHuid
(0.74 meV at T=l.3 K). At all wavevectors the high-energy
tail of S(Q,co) is observed to change very little with
temperature. In general the variation of S(Q,(0)
with temperature is very marked in the superfluid phase but
almost non-existent in the normal fluid, particularly at high
Q. The overall wavevector dependent température variation
of the excitation spectrum provides support for ivcenl
theories in which the linear dispersion part of the spectrum is
seen as consisting mainly of а /его sound mode, similar to
that observed in Fermi liquids, while the maxon and roton
excitations arise from the excitation of a single c|iiasiparlicle.
The single particle excitations are coupled to the density
fluctuations by the presence of a non-/ero Bose condensate.
They thus establish the connection between the Bose broken
symmetry and the sharp one-phonon excitations seen in the
superfluid phase.

The surface dynamics has also been measured from
liquid 4Hc films adsorbed onto graphite (see Blue Box
college 2). The data show evidence of layer plumons that
propagate within the liquid layer in good agreement with
theory.

Investigation (if rough interlaces in multilayers
by specular and non-specular X-ray reflection

Interface and surface roughness is of crucial importance
in thin layer physics and is a decisive factor for their
technological applicability. It strongly influences the
physical properties of multilayers such as the quantum
efficiency of semiconductor superlattices and the magnetic
coupling in magnetic multilayers.

X-ray scattering methods are non destructive and allow a
statistical description of interlaces. The point properties of
the interfaces (r.m.s. roughness) can be investigated by
specular X-ray reflection (SXR). Using non-specular X-ray
reflection (NSXR) the in-plane correlation (lateral
correlation length, fractal dimension of the interlace) can be
determined.

Both X-ray methods have recently been used
successfully to study single surfaces. Yet NSXR has rarely
been applied to multilayers, as important features present in
the experimental data obtained from multilayers could not be
explained theoretically. The previous theoretical description
only included the effect of specular surface reflection
without laking into account the specular reflection at the
interfaces.

Describing the specular interface reflection within the
full dynamical theory, a formalism based on a
Distorled-Wavc-Born-Approxiinalion (DWBA) was
developed, which overcomes the problems of previous work
[8]. Considering now the specular reflection from the surface
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as well us from Ihe interfaces we are able to simulate
the coherent and incoherent cross sections of diffuse
scattering from multilayers with rough interfaces including:

1) the interaction between specular interface reflection
and diffuse scattering (generating Bragg-like peaks in the
Non-Specular X-Ray Reflection).

2) the effect of resonant diffuse scattering (RDS) in
\enical partial correlated superlattices. (Thus we can
distinguish between vertical non-correlated and cot jlated
interface roughness),

3) the contribution of diffuse scattering in transmission
geometry, observable above the surface only due to
Umweganregung caused by specular interface reflection.

We demonstrate the effect of partially vertical correlated
interface roughness for the example of a GaAs/AIAs-superlaltice
in h'ig. У showing (lie calculated reciprocal space mapping
of the primary diffuse scattering in tlie kinemalical
approximation (Fig. 9a) and in a DWBA, considering
the reflection at Ihe surface and the refraction within
the layers (Fig. % ) .

In the kinematical approach the diffuse scattered
intensity of partial vertical correlated interfaces is
concentrated in strips of resonant diffuse scattering (RDS),

being parallel to the sample surface and going through
the lattice points of the one dimensional reciprocal lattice
of (he multilayer. Limited hy the geomelrical hori/on of the
sample the measured intensity would be restricted between
the Ewald spheres f| and fi which mark where the incident
or exit angles become /его.

Considering simultaneous specular reflecting from
the sample surface and the refraction of X-rays in the layers
in the calculation gives rise to:

I ) a bending of the RDS sheets due to the X-ray refraction,

2) an enhancement of intensity at the critical angle
of total external reflection for the incident or scattered beam,
creating the so called Yoneda wings.

The specular interface reflection causes additional .sharp
resonances in the distribution of diffusely scattered intensity.
if the incident or the scattered beam fulfills the Bragg
condition of the superlattice (Bragg-like peaks). Their
positions in the reciprocal space are marked by crosses in
Fig. %. The occurrence of Ihe Bragg-like peaks i.s a pure
dynamical effect of multiple scattering and can be
understood by the concept of Umweganregung |9|. They are
described within an extended DWBA as can be seen
in Fig. 10 which shows the experimental and the fitted
NSXR rocking scans of a GaAs/AIAs superlattice.
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The bro;nl central hump arises from resonant i l i l ïusc
scattering (I\1)S) anil gives evidence of the existence of
vertical correlation hclueen the rough iiiicrl'accs. In addition.
l\\o Yoneda \sings ma) he seen on each siile of the central
peak \ \ i lh several Uragg-like peaks between them, well
described h\ the theorv.
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The theoretical Irealiiient also allows the description of

specular and non-specular rellection of neutrons hy rough

multilayers.

Self-diffusion in intcrmctullits

The Ni diffusion mechanism in the inlernielallic alloys
Ni.S h ami Ni;.Sb has hcen elucidated by QNS iiieasuremenls
on single crystals, performed on INK). In the BS phase NiSb
the Ni atoms perform jumps between the regular Ni sites
(octahedral interstices of the hep lattice made up hy the Sb
atomsi and the double tetrahedral interstices (DTI), which
are very scarcely populated. The experiments on the DO)
phase Ni tSh |l()| necessitated a more sophisticated sample
einiromnenl. as the alloy studied is stable above 5M1" С
only. Therefore, the single crystals had to he grown in a
special iibsilu growth furnace, oriented on INX and then
transported to INK) without cooling down the furnace. Due
to the shutdovsn of the I L L reactor, these results arc-
preliminary, hut the data seem to agree with a very simple
jump model: nearest-neighbour jumps of the Ni atoms
between the two Ni suhlaitices. The same mechanism had
been found to he operative in the DO, phase Fe^Si by
Mossbauer speciroscopy. The Ni dilfusivity in Ni^Sh is very
high, leading to very pronounced quasieiaslic broadening
e\en at moderate temperatures (Fig. I I )and facilitating the
separation of the QNS signal into two Lorent/ians.

The systems Ni^Sb and l-'e^Si have also been investigated by

neutron diffraction on DMC at the PS I 11 11 as a function of

the alloy concentration and temperature. It has been shown

that deviations from stoichiomelry are compensated in very

different ways in the two alloys of the same structure:

whereas in F'e^Si antistructure atoms of Fe on Si si'e'- are

formed. Ni^Sh compensates the excess of Sh by vacancies

on the Ni sublatlices.

The phonon dispersion of h'e^Si alloys (F'ig. 12) has been

studied on I-T at LLH [ I 2 | in order to decide if the fast Fe

diffusion in these alloys is related to soft modes. Although

there are low-energetic modes and a very distinct softening

of the lattice at high temperatures, there is almost no

dependence of the phonon energy on the alloy concentration.

Mosshauer studies have indicated that the Ke difl'usivily in

F'e^Si is strongly dependent on the alloy concentration, thus

the observed fast diffusion cannot be explained by lattice

dynamical effects alone.

High temperature lattice dynamics and diffusion

in niobium

Recently a close relation was established between
particular low energy phonons and high diffusion
coefficients in cubic metals. Due to the temperature (T)
dependence of phonons in metals the diffusion barriers are

70



Coi iEGE 6

no longer constants, but sensitively depend on T.
For instance in hcc-/r phonons stitïen with increasing Т and
consequently the migration barrier for vacancy diffusion
increases with T. Cr shows the opposite behaviour. Here
migration barriers are high at low T and no anomalously low
phonons are found, whereas migration barrier and phonons
are low at high T. The d-electron density is supposed to be
the control parameter. Nb with 3d electrons lies between Zr
and Cr and therefore should show an intermediate behaviour.

To prove this the phonon dispersion has been measured
at 293K. 77.Ж. I773K and 222.Ж (measurements at IN3
ILL, IT Saclay. DNI Siloe. HB1 Petten) [ I3|. Fig. 13 shows
a summary of till dispersion measurements which are
represented by the results of Born-von-Karman fits.
A detailed inspection of this figure shows that
(except 1.0.5(1 10)) Brillouin /one boundary phonons
decrease continuously with T. Two important exceptions
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ai - 2WK. - - - 7 7 Ж, --- 1 77 Ж ami --- 222 J К.

from this normal decrease have to be mentioned: the
L2/3(l 1 1) phonon increases from 293 К to 773K. stays at a
plateau up to 1773 К and decreases above I773K. The shear
constant C' qualitatively shows the same T dependence.

Due to the dominant role of these low energy phonons
in the calculation of the migration barrier

H M = i thG°=
Mo)2

dco ,

(where G() is the static lattice Green's function, а а
geometrical factor, a the lattice parameter, Z(co) the density of
states and M the mass) H shows a similar variation with T.

We conclude with the following picture of the diffusion
anomalies in the group 4 to 6 metals: from bcc-Zr through
Nb to Cr the d-electron density increases, the motion
of 11111 nearest neighbour rows in these metals is more and
more hindered and consequently diffusivities decrease. This
effect i.s particularly pronounced at low T, whereas close to
the melting point diffusivities normalise to a common value.

Hydrogen in Metals

The rare-earth dihydrides p-RH-,+x form an fee structure
in which, ideally for x=(), the hydrogen occupies all of
the tetrahedral (t) sites. In the superstoichiometric region.
0 < x < xm.M. the excess hydrogen occupies the octahedral
(o) sites. Further addition of hydrogen above xm a x leads to
the precipitation of the hexagonal y-RH, phase. In the
dihydride phase the excess hydrogen gives rise to
concentration dependent changes in the electronic structure
which manifest themselves in metal-semiconductor
transitions related to ordering of the octahedral H sublattiee.
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In particular р-ТЪЬЬ+х has been shown lo possess
several x-dependenl magnetic ordering phases below ~4() K.
At higher temperatures (150-200 K), neutron diffraction
studies on T b D 2 + x (0 < x < 0.25) have shown that the
octahedral H orders for x > 0.1 into a Ni^Mo structure in
which 3 vacant (420) planes are followed by an occupied
plane, a structure which is stoichiometric at TbD215 114).

The concentration and temperature dependence of the
ordering phenomena have been followed using neutron
diffraction and inelastic neutron scattering at NIST and PSI.
Figure 14 shows the concentration dependence of the local
mode due to octahedral site H in TbH2+x measured at NIST
using a Be/PG filter spectrometer. It is easy to distiguish the
vibrational spectrum arising from H occupying I and о sites
in these systems since the former occurs in the region near
120 meV while the latter is observed near 80 mcV. At low
concentration and low temperature a single relatively sharp
vibration feature is observed centred at 80.5 meV due to
isolated H in a cubic environment. As the concentration is
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Fig. 14: The vihrational density of states due to H on octahedral
sites in /i-TbHz+xfor different values ofx. The continuous lines
are guides to the eye.

increased the vibrational spectrum splits giving rise,
at x=0.25, to a clearly bimodal structure with a higher
energy peak at 83.1 meV having twice the intensity of the
lower energy peak centred at 76.7 meV. A similar transition
is seen as a function of temperature and can be clearly
related to the ordering of octahedral H. In the fully ordered
Ni^Mo structure, each о site H is an intersecting member of
identical chains (-H-Tb-)n in the |100| and [001] directions
and a (-H-Tb-v-Tb-)n chain in the [010] direction where v
represents a vacancy in the H sublattice. Thus the doubly
degenerate high energy mode corresponds lo vibrations in
the [I00| and |0()1] directions whereas the low energy
singlet is due to vibrations in the |010] direction. The results
show the importance of the H-H interactions in these
systems which extend to at least second nearest neighbour
distances 115|.

In a complementary study on the hexagonal a-R(H/D)x

systems the neutron Huang scattering due to isolated D
atoms has been measured in YD^os in collaboration with K.
Ai/awa at JAERI 116). The results shown in Fig. 15 indicate
strongly asymmetric Huang scattering in particular
directions which will enable the distortion field surrounding
an isolated D atom to be determined and compared with
ongoing nSR measurements on these systems.

Secretary: Ian Anderson
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Report on the Workshop
"Dynamics of Disordered Materials II"
held at the Institut Laue-Langevin,
22-24 March, 1993.

Following the success of the first workshop on
"Dynamics of Disordered Materials" held in September
1988, a second meeting took place in Grenoble during
March 1993 with the objective of reviewing the considerable
progress made. The meeting was jointly organi/ed by the
Institut fur Festkorperforschung of the Forschungs/entrum
Jiilich and the Institut Laue-Langcvin in Grenoble.
The proceedings of the workshop will be published at the
end of 1993 as a special issue of Physica A and will contain
13 review articles and 44 contributed papers, in both theory
and experiments on disordered materials, addressing in
particular the dynamics of glasses and the glass transition.

The main thrust of the workshop was directed towards an
experimental evaluation of the mode coupling theory of the
glass transition (M(T). In particular, scattering methods
such us dynamic light scattering and neutron scattering
e4periments as well as computer simulations were presented
in which the undercooled liquid strongly supports mode
coupling predictions. Materials as different as polymers,
molecular and ionic liquids, colloidal systems and liquid
metals were investigated. While this general agreement
seems lo hold Cor fragile glasses, strong glasses like network
glasses seem to be less well accounted for.

At lower temperatures in the close proximity of the glass
transition the situation is less clear, Besides the high
frequency "mode coupling" [i-relaxation a slow relaxation
intrinsically coupled to the (/.-relaxation is observed
microscopically which cannot easily be interpreted by MCT.
Another very important issue in this low temperature regime
relates to the question ol'cooperalivity close lo Tj,. Important
new developments seem to give indirect evidence for the
existence of such a cooperativity length which increases
towards Tj,. Furthermore, light scattering experiments have
established the presence of large scale density fluctuations
reaching into the micron regime.

Another important topic concerns the soft phonons in
glasses. These were originally observed as a so-called Boson
peak in Raman scattering and later on characterised in detail
by inelastic neutron scattering. These soft phonons are an
intrinsic ingredient of the glassy state and relate lo structural
instabilities. Considerable progress has been reported in this
field, leading towards a unified understanding of these soil
vibrations, including the low temperature two-level
tunnelling excitations.

Besides this main theme, a series of other aspects
of glasses were illuminated stretching from the dynamics
of melglasses to biological systems dealing with phenomena
such as the effect of confined geometries on water dynamics,
the polymerisation transition in sulphur or the concentration
fluctuations in polymer blends.

The following invited lecturers presented a wide range
of re\iew talks covering all aspects of the workshop:

• A.J. Dianoux (Institut Laue-Langevin.
Grenoble. France) "Neutron scattering by disordered
materials: an introduction"

• M. Fuchs (T.U. Miinchen. Garching. Germany)
"«-Peak shapes discussed within ihe mode coupling theory"

• H.R. .Schober (IFF. .liilich. Germany)
"Soft phonons in glasses"

• .1. Colmenero (U. del Pais Vasco. San Sebastian. Spain)
"Dynamics of the «-relaxation in glass-forming polymers.
Study by neutron scattering and relaxation techniques"

• R. Zorn (IFF. Jiilich. Germany) "Neutron scattering
experiments on the glass transition of polymers"
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• К. Kawasaki (Kyushu I'niversii). Fukiiokti. Japan)
"Relaxation and growth of concentration fluctuations

in polymer blonds"

• J.-P. Hanson (HNS. I.von. l-'raneoi "Kinetic glass
transition in liquids and colloidal suspensions;
what do we learn from molecular dynamics sinuilations '.'"

• K.W. Fischer (MPI l'iir Polymerforschung.
Main/, Germany) "Light scattering and dielectric studies
on glass forming liquids"

• II'/.. Cummins (City College-CUNY. New York, USA)
"Light scattering speetroscopy of the liquid-glass transition:
Comparison with idealised and extended mode coupling
theory predictions"

• F. I-'ujiirii ILL Main/, Germany) "Signatures of the glass
transition m van dor Waals liquids seen by neutrons anil NMR"

• H. Rtissler (Freie Università'l, Berlin. Cîermany)
"Dynamical phase transition in supercooled simple
liquids and polymers - a NMR approach"

• P.N. Pusey (U. of Edinburgh. U.K.)
"The dynamics of amorphous stales of colloidal systems"

• 1". Parak (U. Main/. Germany I "Protein dynamics"

• M. Descamps (U. Lille I. Villeneuve d'Ascq. France)
"Orientational and structural relaxation in a glassy crysial"

Compared to the last workshop a richness of very
detailed ne\\ quantitative results evolved facilitating a more
quantitative comparison with model predictions. However,
the complexity and in particular (he enormous dynamic
range accompanied by the missing translational symmetry
still poses ;i tremendous challenge, which in the future
should be mot by concentrated efforts using as many
experimental methods as possible on the same materials.
Nevertheless, we hope that the proceedings of this workshop
describing the present day situation will stimulate further
work in this very interesting and exciting domain.

The organi/.crs thank the contributors for preparing their
manuscripts promptly. We express our gratitude to the
Institut I.aue-Langeviri and the Forsclnmgs/eiilrum Jiilich
for their financial assistance. We would also like to
acknowledge J.P. Hanson and H.7.. Cummins for their
critical summary and are grateful to B. Major and his staff
who helped to organi/e the workshop, and to Mrs. Brigitte
Aubert as the workshop secretary.

Grenoble. Munchcn, Jiilich

Albert-José Diaiioux.
Winfried Petry. Dieter Richter

Precise experimental determination of the structure
of noble fluids: two- and many-body contributions

I-'abrizio Barocchi, Pierre Chicux, Rcnato Magli

The structure of a fluid (liquid or gas) is considered
to be known when the spatial distribution of the atoms
in the system, ul a precise lime t, is known. In principle
this can be accomplished only with the knowledge of all
the irreducible spatial correlation functions involved in
the system. However, theory and experiments, at present,
can deal only with the simplest of these functions, i.e.
the so called pair correlation function g(r|i).

Experiments give information on g(r|i) by means of
measurements of the static structure factor S(k) which is
related to the spatial Fourier transform of the pair
correlation function as follows 11 ]:

S(k) = 1 + n g(r12) -1 exp(- ik. r12)dr12
(I)

where n is the number density. S(k) can be measured
by either X-ray or neutron diffraction, k is the
wavevcctor transfer in the diffraction experiment and Г|т
is the distance vector between two atoms.

In the field of fluid structural studies the following
statements about S(k) have often been accepted. ( 1 ) The
behaviour of S(k) in dense fluids is dominated by strong
microscopic repulsive forces present at short range, and
only very small details of S(k) are connected to the
peculiar properties of §(г ]2). (2) S(k) cannot be measured
in a wide enough k-range and with an accuracy no better
than a few parts per hundred. As a consequence S(k) data
in fluids are not very useful for detailed studies of g(r|i).

We will show that by means of a neutron
diffractometer such as D4, S(k) can be obtained with a
precision of a few parts per thousand |2 ] . Therefore
precise tests of existing modern integral equation
theories for g(ri) and investigations of the nature of
microscopic interactions in fluids can be performed [3|.

For studying structural properties in simple fluids,
it is convenient to define the direct correlation function
с(Г|т) which is given by the Orstein-Zernike relation [11:

g(ri2) -1 = c(r12) + njd 3 r' c(r') [g|r ia - r'| ) -1 ]
(2)

From equations (I) and (2) it is easy to see that for
the Fourier transform c(k) of c(i'|->) the following relation
holds:

(3)
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(2)

When the density of the fluid is sufficiently low,
g(r) can be expanded with respect to the density n, this is
the so called "virial expansion" and is given by

g0(rp) + ngi(rp) + O(n2) (4)

(5)

(6)

where

g()(r,2) = exp|- PU,( 1, 2)] with p = l/kBT

9i(r12) = g f ( r i 2 ) + g f W

9 1 Via) indicates the part of g|(r|2) that depends only
on the two-body potential while gf'Uis) depends also on
the three-body potential and only the first two terms in
equation (4) arc retained.

From equations (I) , (3) and (4), S(k) and c(k)
can also be expanded. In particular we write.

(7)

where

c0(k) = 90(1-12) -1i exp(-ik- ri2)dr1 2
(8)

) = cf'(k)+ cf>(k) (9)

As a consequence it is seen that a measurement of the
density behaviour of S(k) at low enough density gives
access to the pair and three-body terms of c(k). The pair
term c0(k) is directly related to the pair potential U2(r)
and this last function can therefore simply be derived by
means of a Fourier inversion of an experimental c0(k).
Moreover, once the pair potential is known a
measurement of C|(k) also gives the possibility of
deriving information on the three-body potential
u3( 1,2,3).

For the case of dense fluids another approach is
necessary. We may use the modified hypernetted chain
expression (MHNC) to relate the interaction potentials to
g(r), which writes [4],

g(r,2) = exp [- pu2(r,2) g(r,2) - 1 - c(r12) + C(r,2) + E(r,2)]

(10)

C(r ] 2) is the dressed three-particle vertex:

C(r1 2) = n j d 3 r3 g(r1 3) д(г2 3) {exp f - риэ(Г| , Г| , г, )] -

(П)
and E(r i 2) is the so called bridge function.

With some initial estimate of E(r ) 2) and a model for
both the pair and three-body potentials, the MHNC
equation can be solved iteratively and the calculated
g(rj2) compared with the experimental one to check
the validity of the model potentials and the precision
of the integral equation as well.

Recent measurements of the static structure factor in
fluid noble gas have been performed with a very high
statistical accuracy, even at low gas density. Rigorous
data analysis procedure has made it possible to reach a
final precision in S(k) sufficient for the density
expansion studies of c(k).

Argon at low density

S(k) was measured in 36Ar at Т = 140 К and at four
densities, i.e. n = 0.902, 1.399, 1.900, 2.393 at.nm"3

(the density of the liquid at the triple point is
n = 21.15 at.nm"'1'. Fig. i shows as an example the
experimental c(k), for one thermodynamic state obtained
on the D4 instrument [2].

Figure 2 shows the experimental density behaviour of
c(k) | 5 | . The linearity predicted by the virial expansion
of equation (7) for u low-density gas is very well

0.30
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k(nrrv')

80 100

Fig. I: c(k) at n = 0.9 al/mir1 and Т = 140 К for MAr.

3.0

Fig. 2: Experimental c(k) as a function of density at various k-
values (symbols, from top to bottom : k = 1.35, 1.82, 2.31, 2.80
and 3.34 nnf1' respectively) and weighted linear fits to the data
(continuous lines) for }6Ar. 15].
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represented by the experimental results, therefore the pair
term c0(k) and the three-body term C|(k) can be derived
from a linear least squares fit of the experimental density
behaviour of c(k) at all the measured k-values.

In Fig. 3, the experimental determination of c0(k) is
compared to a theoretical calculation based on equation
(5) using the pair potentials of Aziz [7] or Barker [8]
(difference between these potentials cannot be
distinguished on the scale of this figure).

In Fig. 4, the virial coefficient C|(k) is compared to
theoretical predictions using only the Barker Fisher
Watts (BFW) pair potential [8] or including also the
Axilrod-Teller-Muto (ATM) three body potential for
Argon 19,10] or its modification 111 ].

We observe that the agreement between calculation
and experiment is very good except at low k values,
where the experimental c0(k) is systematically less than
the predicted one, the reverse being the case for C|(k).
These deviations are significantly larger than the
estimated errors (error bars given in fig. 4 are correlated
to the various instrumental settings).

It is possible to Fourier transform the experimental
c0(k) to determine by means of equation (5) an
experimental pair potential u2( 1,2). Extrapolation of the
experimental data to k = 0 and truncation at high k affect
c0(r) only at a maximum of 1 % in the region of the peak;
quantum corrections to c0(r) are of the same level [12].
It is worth noticing here that the measurement of the zero
density limit of c(k), i.e. c0(k) gives a unique method
of determining the microscopic pair potential in classical
systems by means of a direct inversion of the
experimental data.

The experimental potential given in Fig. 5 agrees
very well at long range with the literature value, however
some disagreement is found in the well where
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Fig. 3: C0(k)from extrapolation ofc(k) ton = 0 (dots)
and calculated from pair potentials taken from the literature
(curve) for ~ Ar. Typical error bars are shown.

the experimental well depth is e/kB = 134 ± 3 К and
the value of r at which the potential equals zero is
a = 0.338 ± 0.001 nm while the Barker potential gives
e/kB = 140.2 К and о = 0.336 nm.

Krypton at high density

S(k) (3.6 < k < 16.2 mrf1) of dense fluid krypton, has
been measured |13] on D4 at seven different
thermodynamic states from the triple point to around the
critical temperature (T values ranging from 130 К to 200 K,
and densities from 11.9 to 17 nm"3). In order to study the
relation beween S(k) and the microscopic interaction
potential, these experimental data have been compared
(see figure 6) to a theoretical calculation performed by
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iteratively solving the MHNC integral equation (10).
Two models which are considered accurate (Aziz [7] and
Barker [14]) have been chosen lor the interaction pair
potential entering MHNC. The calculation has been
extended to take into account the presence of three body
interactions using Axilrod-Teller-Muto (ATM).
Theoretical and experimental S(k) values are not
distinguishable at the scale of the figure [13].

In order to magnify the effects, we consider the
deviation AS(k) = Sexp(k) - SM H N C(k). We observe that it
remains below 0.02 to 0.05 depending on density and
that for k > 50 nm'1 it falls within the noise of the
experiment. The larger deviations (~ 0.05) obtained at
the higher density (T = 130 K) are in great part due to the
inadequacy of the MHNC equation. The calculated

modifications due to three body effects are weak and
apparent only at low k values. Rg. 7 displays AS(k) for
an intermediate density and temperature, it also displays
the deviation observed for the Lennard-Jones potential
which gives particularly poor results in the region of the
main maximum of S(k). [5].

When the comparison is performed in the r-space
in terms of g(r) it is again necessary to plot
Ag(r,2) = gexp(ri2> - §MHNdri2) i n o r c l e r l o observe the
small deviation remaining between theory and
experiment (see Fig. 8). which gives an indication
of additional forces of many body character repulsive
at short range and attractive at larger distances.
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Fig, 6: S(k) over the k < 100 nm range of measurement
at (a) = I99K,n = 1 1.86 nm3, (b) Т = 169 К, п = 14.57 nm3,
(с) Т = 130 К, п = 16.83 run . The continuous curve is
the result of the triplet MHNC equation with the Aziz pair
interaction plus the three-body ATM term. Value atk = 0
is from the compressibility data.
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computed for the Aziz pair interaction including (continuous
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and also for the Lennard-Jones interaction (dot-dashed curve).
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Finally the measurements of S(k) at closely (1 to 6 %
variation) spaced densities [ I 5 | , give access to the
isothermal density derivative dS(k)/dn. This quantity is
important because it contains information on 3 body
correlations and also because it is very sensitive to the
interaction potential. We show, figure 9, the comparison
between experimental and theoretical results at k values
< 40 nm i.e. where the pressure effects are noticeable.
Again the accurate potentials of Barker and Аг1г are in
good agreement with experiment and the three-body
contributions important only at very low k-values.

0.005

0.000

-0.02
10 20

k[nm-'i
30 40

Fig. 9: SS(k)/8n far (lie Aziz pair interaction with (continuous
curve) and without the ATM three-body term (dashed curve),
for the LJ interaction (dot-dashed curve), and from
experimental data (•) at (a) T = 199 К, (h) T = 169 К,
(с) Т = 130 К. Value at k = 0 is from the compressibility data.

We can conclude that a very precise (within a few
parts per thousand) determination of S(k), over a large k
range can now be performed and the comparison with
theory gives the opportunity to investigate in detail our
knowledge of the structure of fluids and the connection
between the microscopic interaction and the space
correlation of the atoms in the system.
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Structure and properties of (|ii;isicrystals

Ch. Janot

Atomic order in solids is best defined in terms of the
Fourier transform of the mass density. In an ordinary
crvstal, this transform can be written us a series:

(1)
in which:

G = ha i + ka 2 + la a
(2)

are vectors of the reciprocal lattice whose basis
vectors arc the a,' (h. k, I are integers, Miller indices).

The same definition still holds for quusicrystals
except that more than three basis vectors a ,' are required
lo span the reciprocal space. For instance, in the case of
icosahedral quasierystals. six basis vectors must be
considered, so that:

12 atoms and finally an icosidodecahedron of 30 atoms.
The external diameter of a PM1 is a little less than 10 A
and the centre distance of two nearest neighbour PM1 is
about 20 À. A section of the AlPdMn structure is
presented in Fij;. 2: rings of atoms are visible; they
correspond to the equatorial section of PMI. It can also
be inferred from the figure that the PMI combine to form
larger (inflated) PMI in such a way that the centres of
the PMI are arranged in exactly the same fashions as are

G =
-|co

(3)
I l l l l l l l l l l l l l l l l l l

with the a ', directed from the centre to vortices of an
icosahedron.

Comparing Eqs. (2) and (3) demonstrates that
quasicrystals will behave as crystals when investigated
via diffraction methods, i.e.. as periodic structures but
periodic structures which would fill a six-dimensional
space. This permits the use of regular crystallography
rules to approach the structure, except that Bragg peaks
must be given 6 Miller indices instead of 3. Formally, the
knowledge of G and p(G) in Eq. (1) gives p | [ ) . i.e..
the physical 3-dimensional structure of the quasicrystal.

During the year 1993. we have clarified several
controversial aspects of the structure of a particular
quasicrystal that belongs to the AlPdMn system. Single
g ra in s of th is q u a s i c r y s t a l can be grown to
centimelre-si/.е dimensions via a C/rochralski procedure
(Figure I). The quasiperiodic perfection which is
achieved is revealed in high-resolution X-ray and y-ray
diffraction measurements which show mosaic spreads
less than 0.001 ° full width at half maximum (less than
one third of the intrinsic Darwin width of Si( 111)).
The anomalous transmission of X-rays due to dynamical
diffraction fthe Bormann effect) has also been observed [ 11.

Basically, the structure of the AlPdMn quasicrystal is
a hierarchical packing of atomic clusters called
pseudo-Mackay icosahedra (PMI). A PMI-cluster is
made of three successive "concentric" shells of atoms: an
inner shell of 8 atoms distributed randomly on the sites
of a small dodecahedron, then an icosahedron of

M I N I M I

0

Fig. I: Optical micrograph of a single grain r>/ the AII'tlMn
icmahedral uuaticrystul nhtaini'd via C;i>clinilski growth
[scale in cm}.

(A) 40

о
о"

-40

-40

ZA i = 4.562(A)

О

[Г, 1,0]//

40

(А)
l-ig. 2: Example of planar section through the structure of the
AlPdMn qiuuiicrystul. Equatorial cut* of PMI are underlined
ami the T*-inflated PMI ax well.
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the centres of the atoms. The scale factor is
т1 (т = 2cos36° the golden mean). An examination of tlie
whole 3-dimensioiiiil structure shows that the iiiHution
growth mechanism develops iteratively.

Several experiments have been carried out at the
National Synchrotron Light Source Brookhaven. In
particular the centric character of the icosahedral
AlPdMn phase has been checked by measuring Bijvoet
pairs above the Pd-K edge with a single grain [2].
The anomalous X-ray diffraction close to the Pd edge has
also been measured with the result that the partial
structure factor Fpj of the palladium substructure has
been determined (3|. Beyond a definitive confirmation of
the existence of a very strong chemical order, these data
have brought a contradiction to the idea that atomic
surfaces in the 6-dimensional images should be
polyhedral objects sharply faceted. The results must be
considered in the context of recent theoretical
suggestions [4] that the atomic surfaces might have
I racially shaped borders.

Understanding of the dynam'" of quasicrystals has
also made some progress in 1993. Further inela..tic
neutron scattering data have been collected on triple-axis
machines ai the LLB and (old) IN 10 data have been
interpreted along with Mossbauer spectroscopy
measurements. The calculation of the dynamical
response of quasicrystals remains difficult since the
projection of atomic displacements on a plane wave basis
does not reduce the number of independent parameters.
Proposed models for the vibrational states of
quasicrystals are actually based on numerical
calculations on large cell periodic «pproximants [5].
Inelastic neutron scattering measurements [61 have
demonstrated the existence of pseudo-dispersion
branches and pseudo-Brillouin zones in the acoustic
regime. Beyond that, the situation remains confused.
No gaps are observed even when branches cross. But
"phonon modes" broaden progressively foi iviomentum
transfers larger than 0.3-0.4 A"' (energy ЬхЮ"3 eV),
while the "phonon branches" bend over and finally
become dispersionless for momentum transfers above
0.8: A'1 (energy 12xlO"3 eV). The broadening might
be due to interactions of the acoustic modes with a "sea"
of pseudo-optic localized modes. This idea is supported
by the fact that the broadening shows up at momentum
transfers corresponding to a length scale of about 10 A,
which is precisely the size of the PMI atomic clusters.
The purely elastic neutron scattering has also been
measured on a AlFeCu quasicrystal using the high
resolution spectrometer IN 10 in the fixed energy window
mode (ДЕ = 10'6 eV). Typical temperature scans
of scattered intensities at two momentum transfer values
q are shown in Figure 3. A linear Debye-Waller like
decay is visible in the whole temperature range with

q < 0.41 Л"1 arid only below 7()0°K or so with
q > 0.88 A"1. But this would correspond to a very large
DW factor, about 50 to 100 limes as large as the
aluminium DW. This is interpreted by the existence
of phason modes, inducing correlated atomic jumps.
In the larger q range and above 800°K, an enhanced drop
of intensity is observed. This is confirmed, at higher
energy resolution (2.86xlO~8 eV) by Mossbauer
spectroscopy data [7]. This additional drop can be
attributed to high energy vibrational states, "localized"
over a length scale between 7-15 A.

Altogether the atomic vibrations in quasicrystals
seem to generate fully extended "propagating phonons"
of low energy (below 10"4 cV or so) and some sort
of decoupled eigenmodcs of "cavities" corresponding
to (about) 10 A rigid unit modes. This is consistent with
the structural analysis and would also explain the very
low thermal conductivity of quasicrystals |8J.

400 600 800 1000
temperature (°K)

1.0

I0-8

.^
'<л

1 0 . 6

0.4
400 600 800 1000

temperature (°K)

Fig. ': Typical temperature scans of purely elastic neutron
scattering measured for an AlFeCu quasicryslal with a fixed
window energy of 10"6 eV.
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Introduction
As in 1992. following ILL's reactor shutdown, many

activities and projects involving the use of neutrons had
either to be stopped completely, or could only be pursued
partially elsewhere. This has confirmed the fact that most
facilities offered by the ILL cannot be replaced. The trends
of 1992 have been followed and scientific activity has been
maintained through analysis of previous results and by
methodological work as well as by extending activities to
X-ray diffraction or biochemistry. Collaboration with our

colleagues from the Institut de Biologie Structurale (IBS)
and with those at the Grenoble outstution of the European
Molecular Biology Laboratory (EMBL) has been carried on
and still forms a vital element for the scientific life of our
college.

Progress in biochemical and molecular biology
methods—for example, the cloning and expression of
appropriately designed protein mutants and modified nucleic
acids, or specific deuterium labelling of large functional
complexes—is revolutionizing structural studies including
those by neutron scattering and diffraction. A special issue
of Biophysical Chemistry devoted to Neutrons in Biology,
edited by J. Zaccai, a member of the college, will present
a number of original papers on these aspects, describing
work at ILL and other neutron reactors around the world.
It will be available at about the same lime as the start-up
of the ILL reactor next summer.

Scientific Trends and Highlights in 1993
Quasi-Lauc diffraction instrumentation

Detector development for the Quasi-Laue diffraetotneter,
which was part of the proposed modernization programme,
has continued and is described in some detail in the
contribution from the Large Structures Group to this Annual
Report. In addition further image-plate detector tests have
been done.

The most important of these involved the use of a MAR-
RESEARCH image-plate scanner converted to detect
neutrons. The measurements were done at the VI instrument
of (lie Hahn-Meitner Institute by a mixed EMBL/ILL team
in collaboration with members of the Freie LIniversitat,
Berlin. To detect neutrons a plate covered with gadolinium
oxide paint was placed in front of the X-ray detector during
exposure and removed during read out. A multi-wire
detector was also used for comparison [ 1 ].

The tests showed that recording of neutron reflections
using image plates on the VI spectrometer is possible, but
that protection of the plates against gamma-rays will be
required for routine data collection. Another approach for
recording of neutrons is by the use of gadclinium doped
plates. This was for technical reasons not tried, but earlier
measurements at Saclay have shown that this gives a much
better peak to background ratio. It is therefore most likely
that this approach will be the one followed for the prototype
version of the neutron image plate detector presently under
construction.

Structure of dodecyl sulphate - protein complexes
at subsaturating concentrations of free detergent

The anionic detergent sodium dodecyl sulphate (SDS)
effects solubilization of, for instance, membrane, ribosomal
and viral proteins. SDS is widely used for size separations of
these proteins as well as of water-soluble proteins or protein
subunits, by gel electrophoresis and by molecular-sieve
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chromalography. Knowledge of the slruclure of
SDS-proiein complexes is useful for understanding and for
further developing these important biochemical methods.
SDS binds to water-soluble proteins approximately in
proportion to the polypeptide length. On average, the
saturated complexes contain one SDS molecule per two
amino-aeid residues at moderate ionic strength.

Earlier investigations of SDS-protein complexes by a
number of physical techniques resulted in u number of partly
incompatible structural models. The first neutron small-
angle scattering experiments had revealed the low resolution
structure of the complex between SDS and the single
polypeptide of a water-soluble enx.yme (452 amino acid
p-biuuos). The saturated complex consists of three globular
micelles which are connected by short flexible polypeplide
segments.

Shortly before the reactor shut-down new experiments
(in collaboration with Uppsala University, Sweden) were
performed at subsaturating concentrations of free SDS in
equilibrium with the complex. The data show a decrease in
stoichiometry from one bound dodecyl sulphate (DS) union
per two amino acid residues near the critical micelle
concentration (CMC) to one per four residues at half
the CMC. At 0.3 CMC, a two-micelle complex is formed by
the recombination of the small amino-terminal micelle with
the middle one; and the centre-to-centre distance between
the carboxyl-terminal micelle and the middle one decreases
from 7.5 nm to 6.2 nm. These structural data allow us to
better understand earlier results obtained with
high-performance agarose gel chromatography of the same
SDS-protein complexes [2].

Functional motions in membrane proteins studied
by inelastic neutron scattering

The study of protein motions has gained considerable
importance in the search to understand biological function at
the molecular level. Because of their wavelengths and
energies, thermal and cold neutrons are particularly adapted
for such studies. The Purple Membrane of Halobacterlum
lialobiiini contains a single protein, bacteriorhodopsin, which
functions as a light-driven proton pump. Inelastic neutron
scattering experiments on IN6 and IN 13 performed before
the reactor went down have appeared in print this year.
As described in last year's Annual Report, a detailed study
of the dynamics of this membrane in different conditions
of temperature and hydration showed strong correlation
between the type of dynamics and the ability of the protein
to perform different aspects of its function. Thus when the
membrane protein is vibrating harmonically, it can be
activated by absorbing a photon to release a proton on the
outside of the cell (where the proton chemical potential is
higher than in the cytoplasm). On the other hand, soft
anharmonic motions in the protein are required for it to
return to its ground state by binding a proton on the
cytoplasmic side. In 1993. the analysis of the neutron results
has been taken further by using a recent structural model for

the protein and performing molecular dynamic calculations,
and collaborations have been initiated for complementary
(light absorption) speclroscopic studies. These have led to
ideas for new neutron experiments on deuterium labelled
samples that are now being planned for when the reactor
starts up again |3| .

Structure of Porins

Porins are a class of proteins found in the outer
membrane of Gram-negative bacteria. They allow the
selective passage through the membrane of polar molecules
up to a cut-off value in molecular weight that varies
somewhat between different porins. The X-ray structures of
several different Porins have been solved in the last few
years, each one revealing a secondary slruclure composed
mainly of li-sheet. Crystals of membrane proteins are
produced aller solubili/ation of the protein in detergent that
is believed to mimic the membrane lipid in its interaction
with hydrophobia parts of the protein. The crystallising
particle is in fact a mixed protein/detergent micelle. In the
X-ray studies to date, however, no detergent structure has
been observed, due probably to disorder and low contrast.
We reported last year on the organisation of detergent in
crystals of Porin from the purple bacterium Klwdobacter
capsulatiib |4|. We have now obtained results from crystals
of the protein from E. Coli \5\. The results from the two
bacterial sources are rather different. In the Rhodobacter
capxulatux case, the protein molecules and the detergent
form two dimensional sheets in the crystals apparently
mimicking a bilayer membrane, although there is as yet no
direct evidence of a bilayer. There is no interaction between
the C8E4 detergent molecules in successive sheets, i.e. there
is no 3-dimensional continuity of the detergent phase, and
the crystal is formed solely through protein-protein contacts.
In the case of the E. Coli protein the porin molecules form
an extended three-dimensional network with only rather
tenuous contacts between detergent micelles. In this case the
detergent, N,N dimethyl decyl amine oxide was deuterated
in the hydrophobic tail and despite the low resolution ( I3Â)
it appears possible to identify the tail and headgroup regions
of the detergent molecules. This will allow us to analyse
more closely the form of the interactions between detergent
and proteins and to determine whether not only hydrophobic
but also polar interactions play a role in the stabilisation
of the protein detergent complex.

Low resolution neutron diffraction on SOS ribosomal
crystals from halobacterium marismorlui

Ah iniiin phasing methods developed for phasing the low
resolution neutron diffraction data from 50S ribosomal
crystals (from halobacterium marismorlui ), based on direct
methods, led to density maps for the 0% D2O and the 100%
D->O data sets. Both maps were modelled by two density
levels. In the 100% D2O map the high level should represent
the proteins and the lower level the RNA; and vice versa in
the 0% D2O map. RNA and protein domains showed
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reasonable siinihiriiies bol ween the two maps. It was ihen
decided, in order to improve the phasing methods, lo
concentrate the eflort on test data instead of experimental
ones. Presently, starting from the test data we are trying to
improve the phasing method, principally by combining
direct methods with supplementary information. These юм
Jala should also indicate the confidence level and the
limitations of our methodology |6|.

High resolution crystallographic studies on a new family
of small plant proteins rich in cysteins using X-ray
diffraction

The hydrophobic protein from soybean (HPS) for which
the structure was solved last year to 1.8 Л resolution shows
similarities (o non-specific phospholipid transport protein
(l.TP) from plains. They both belong to u new family of
proteins characleri/.ed by a motif of К Cyslcins forming a
similar pattern of 4 disulfide bridges. Recent NMR results
show similarities in the three-dimensional structures despite
a low sequence homology. In order to study the lipid binding
function of the LTPs, we cocrystallised the proteins with
phospholipids. Two proteins are under study: a wheat LTP
and a nuii/.e LTP. For both of them, two crystal forms were
obtained diffracting to 2.5 À on a standard rotating anode.
Heavy atom derivatives are under study, weak derivatives
have been obtained already. A first density map to 6 A
resolution has been calculated. In order to interpret this map
we have to improve the heavy atom derivatives [7|.

Storage-ring X-ray work

The enforced shut-down of the reactor coinciding with
the start-up of the ESRF synchrotron has given the
opportunity for the ILL scientists both to learn more about
synchrotron radiation and to strengthen the contact with their
neighbours. It was therefore only natural for members of the
college to participate in some of the first commissioning
experiments and measurements in protein crystallography.

The measurements - done in collaboration with and with
help from the EMBL staff - were conducted on the Troika
beam line, which uses an insertion device (ID9) of the
storage ring, Indeed, they were the very first measurements
done right after the final installation of the insertion device,
an undulator, and they were therefore not only interesting
from a protein crystallography viewpoint, but were also used
to learn more about these powerful sources.

For the measurements the Troika instrument was
equipped with an additional diffractometer, which was a
MAR-RESEARCH image-plate detector on loan from the
adjacent EMBL outstation, The monochromator was a single
Si (720) crystal in reflection, and the imageplate was located
on the sample table of the Troika instrument. As this is
placed on air-cushions, it was very easy to change
wavelength in the range from 0.7 À to more than 1.5 A, and
both standard protein crystallographic and multiple
anomalous dispersion (MAD) studies for structure solution
were carried out.

The normal protein crystallographic studies were carried
out as an introduction lo the MAD measurements. They
iinolved projects from 1:MBL. ILL and the neighbouring
IBS, and gave very satisfactory results. The MAD
measurement, which relies on the high energy resolution of
the Troika set-up, was clone in collaboration with a group
from Columbia University. New York. In this case loin or
five sets of measurements were done around the absorption
edge of a heavy atom present in the protein structure, and by
combining this information the structure has now been
solved. During the measurement two modes were used,
namely one where the magnet gap was kept constant and one
where - for the first time - it was varied to obtain maximum
intensity for the wavelength in question, and both
approaches gave useful results |S].

Kxlrucellular matrix protein isofbrm separation
for cristallographie work

Т h с p г е .. e n с с of is о f о r m s . a ï s о c a l l e d
microheterogeneity. is a consequence* of the post
translational modifications of the polypcplide backbone.
This is generally due to phosphorylalion. sulphation.
or glycosylation. These modifications are frequent in
extracellular proteins such as those from the extracellular
matrix.

N M

1.6mM

NM С

0.6 mM

10 20 nm

/•'/.I1. I: Schematic .scale models of the nniliial disposition
o/ the I/tree proiein-ilecoraied micelles in Itn/fer coiildi/iint;
l.f> niM ,S/)S (D.9 CMC, /fi/>) end oj llic tm>protein-decorated
micelles in hnlJer containinK 4-(> niM SDS (0.3 CMC. hotlom).
Tlic independent micelles N lN-termiiuil), M (middle) and С
(C-leriniiiiil) oj tin1 three-micelle complex are connected, ill
saturation, h\ flexible oligopeptide linkers about 5 or 6 amino acid
residues lout*; MY/// decreasing SDS concentration lo sidf-utio'aliiif>
levels, the .\mall micelle /V coalesces with micelle M: and micelle С
approaches' micelle M. Tlie difference in cimlra.sl he!» ее» the
dodecs-l chain cores and tlic tiirronndiiiK protein-mlpnale shell
is .shown h\ 11 different shading.
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It has been shown that (he microhclerogencity luis been
responsible for some of ihe problems encountered with the
crystalli/.alion of proteins. C'rysials obtained from isoform
mixtures are generally small and diffract poorly.

Isoeleclric focussing allows the separation of the
isol'orms according to their isoeleetrie points. With mass
spectrometry, high resolution isoelectric focussing is
currently the most sensitive method of protein analysis.
Preparative scale isoelectric focussing under non denaturing
conditions has been hampered by the lack of solubility of
nuiny proteins at (or near) their isoelectric point. This
problem has led to the discovery of new solubili/ing agents
through a collaboration between the ILL biochemistry
laboratory and а СНА -INSHRM laboratory in Grenoble.
This séparai ion technique will now be applied lo improve
crystals that have been obtained with osteocalcin as well as
with a fragment of fibroneclin through a collaboration
between the ILL and the IBS |9|.

Secretary: Laurent Vuillard
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Despite Ihe reactor shutdown and the departure of many
college members, there has been considerable scientific
activity. Much of this has resulted from visits to other
laboratories, particularly LLB Saclay, and it is hoped that
the links formed between ILL scientists and those of other
institutes will be mutually beneficial for years to come.

Low-energy excitations,
density of states experiments
Amorphous - crystalline ethylbenzene (ILL, NIST)

The dynamics of ethylbenzene was investigated using the
three-axis instruments BT4 and BT9 at NIST (Frick,
Trevino, Erwin). Previous experiments using an elastic scan
on IN 13 revealed that the mean squared displacement <u >
has anomalous behaviour with increasing temperature.
A strong increase of <u2> with respect to lower temperatures
is observed between 120 К and 140 К before it drops to a
much lower value. Following a further, weaker increase it
again decreases.

New experiments on deuterated ethylbenzene at NIST
showed that these dynamic anomalies are connected to
recrystallization phenomena (Fig. 1). Two different
crystalline phases were found above 140 K. Comparing the
low-frequency scattering of amorphous and crystalline
ethylbenzene (Fig. 2) it can be seen that the intensity at low
frequencies for the amorphous sample is strongly enhanced
with respect to the crystalline sample. Fig. 2 shows a strong
low-frequency hump below 8 meV in the range where the
crystalline sample has a much lower and almost frequency-
independent intensity. Thus before recrystallizing the low-

frcquency modes increase drastically in amplitude and show
anharmonie behaviour. These are the dynamic precursors of
the structural rearrangement from a disordered solid towards
the crystal.

Dynamics of pristine and doped polyact'lylone
(ILL, LLB)

Polyacetylene, (CH)X, is the simplest example of
a conjugated polymer. Interest in the physical properties
of this molecule has increased since it has been found that it
can be chemically doped to •metallic' levels of conductivity,
values as high as 145 000 Scm"' having been reported. In the
doping process, carriers are generated by charge transfer,
but the spectacular increase in conductivity is due to changes
in the electronic structure of the polymer backbone.
The mechanisms that lead to metal-like values for
the conductivity huvc been studied theoretically, mainly
in lightly-doped systems. In heavily-doped regimes (examined
here) a complete delocali/ation of carriers is assumed.

Until recently vibrational data for polyacctylene were
limited to a few Raman and infrared intrachain modes and
thus theoretical efforts have concentrated on the dynamics
of the isolated chains. However, the modes which dominate
the vibrational atomic mean-squared displacements are those
at lower frequencies (< 20 meV). Recent inelastic neutron
scattering experiments from stretch-oriented c/.v-rich and
rran.s-rich polyacetylene have enabled the vibrational density
of states, G(o) of the system to be determined in the
directions parallel and perpendicular to the average chain
axes, with good resolution in the low-frequency region.
The experimental G(co)s were found to be highly anisotropic
and exhibit considerable differences between the cis-
and tnms-conformers.

A detailed interpretation of the observed vibrational
spectra based on the neutron data alone is not possible.
However, information can be obtained by performing
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F/Я. /: Static structure factor of deuteratedethylheiKene for
a quenched sample (thick line) and patterns at two temperatures
(I40K and I70K) of the annealed sample.
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molecular-dynamics simulations and calculating neutron
scattering properties from the resulting atomic trajectories.
R e c e n t l y , s i m u l a t i o n s of c r y s t a l s of с /л- and
miH.ï-polyaceiylene molecules of different chain lengths
have been reported 111. Because the dynamics of interest is
vihrational, harmonic analysis can (in principle) be applied
to these systems. However, molecular-dynamics simulation,
in which the harmonic approximation is not required, is
expected to give a better representation of the effective
potentials for the large-amplitude, low-frequency vibrations.
In this work the density of slates was calculated from the
molecular-dynamics trajectories by numerical Fourier
transformation of the velocity autocorrelation functions.

The low-frequency dynamics (0-20 meV) of
sodium-doped f/wi.v-polyacctylene has recently been
investigated using a combination of incoherent neutron
scattering spectroscopy and molecular-dynamics
simulations. These simulations were perfoimcd using a
molecular-mechanics potential-function with a model
system explicitly including the three-dimensional crystal
environment | 2 | . Time-dependent mean-squared
displacements and vibrutional densities of states are
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Fig. 2: Low frequency scattering of quenched ethylbenzene (lines)
in comparison with crystalline ethylhen;.ene (symbols) as measured
on the thermal triple axis spectrometer BT9, NIST.
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Fig. 3: Simulation-derived density of stales in the direction
perpendicular to the chain axes
a) trans-polyacetylene
b) Na-doped (12.5 at. c/c) trans-polyacetylene.

calculated from the simulations of the pure and doped
systems. The simulations are decomposed to determine the
contribution of rigid-body motions to the atomic trajectories.
From these simulations there is an indication that the
mean-squared displacements of the polyacetylene atoms
become close to isotropic on doping. Experiments
(performed with the instrument MIBEMOL at LLB) and
simulations are in accord that doping results in a marked
change in the vibrational density of slates in the direction
perpendicular to (he chain axes, a broad minimum appearing
at ~ 16 meV. This spectral region is dominated by
intramolecular torsional displacements, see Figs. За and 3b.

Quasielastic scattering
Dynamics of urea inclusion compounds
(ILL, University of Bordeaux)

Long chain hydrocarbon molecules such as n-alkanes are
known to form inclusion adducts with urea. In urea inclusion
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compounds, llic hydrogen-bonded network of urea
molecules (hereafter called the host) contains essentially
"infinite" and parallel channels of approximate diameter
5.2 A (at room temperature) in which the n-alkane chains
(the guests) are trapped in an almost "all trans"
conformation. The n-alkane/urea inclusion compounds are

known to undergo a structural phase-transition from a low-
temperature phase (LT) to a high-temperature phase (HT) at
a temperature that depends on the length of the guest
molecules. In general, (he transition temperature increases
with the length of the guest molecule. In the LT phase (he-
host substructure is orthorhonibic whilst it is hexagonal in

1 "
О
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C,0H33/Urea-d,

3

а
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C n H 2 4 /Ureod 4

2 - 1 . 5 -1 -0.5 0 0.5 1 1.5 2
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Fig. 4: Qua.iiclaslic neutron scattering spectra о/С„//211+2/игев
inclusion compounds for n — 10 to 15 at 50 K.
The scale expansion factor is 50.
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the HT phase. The guest substructure is essentially
characteri/ed by its one dimensional packing with a periodic
repeat distance са. An important property of urea inclusion
compounds is that the ratio of c,, versus the host latlice-
parameter C|, is not a rational number: urea inclusion
compounds are therefore incommensurate composite
structures in both their LT and HT phases, it should be noted
that the hexagonal structure of urea is not stable without the
guest component: the stable crystalline structure of pure urea
is tetragonal and does not contain empty channels.

Pioneering 'Н-NMR works revealed that in the HT
phases of the compounds, the n-alkane guest undergoes last
reorientations about the С axis of the urea channel.
Although the existence of translational fluctuations was
detected by X-ray diffraction, it is only very recently that the
translational motions of the guest molecules along the
channel axis could be analy/ed precisely by means of
incoherent quasielastic neutron scattering (IQNS) technique.
These experiments, performed on the n-nonadecane
C|i)H4o/urea inclusion compound, have shown that within
the characteristic lime scale of the spectrometer, large
amplitude diffusive réorientations of the guests were
observed but could not be assigned to 271/6 jumps, as usually
assumed regarding the hexagonal symmetry of the urea
channels. In the LT phase of the samples, the reoricntationul
motions were fro/.en-in and side-peaks assigned to low-
frequency longitudinal oscillations of the hydrocarbon
chains were observed at about 1.2 meV. Such low-frequency
inelastic peaks we. p not observed in the crystalline phase of
pure n-nonadecane samples and other related inclusion
compounds. It must also be pointed out that these inelastic
peaks cannot be assigned to any kind of intramolecular
vibration of the n-alkane chains involving the longitudinal
displacements of the hydrogen atoms, such vibrational
modes (the longitudinal accordion "LAM" modes) being
expected to be observed at about 12.5 meV for
n-nonadecane. It is therefore expected that these low-energy
excitations are characteristic of the one dimensional packing
of the guest molecules within the urea channels so that
the mean frequency of the oscillations should be a function
of both the chain length of the n-alkane chain and also of
the specific interactions between the urea host and the guest.

Incoherent quasielastic neutron scattering experiments
were performed by using the spectrometer M1BEMOL of the
LLB-Saclay on a series of urea inclusion compounds
n-CnH-)n+-)/urca-d4 with n = 5<-»9. Using semi oriented
samples, the spectra were recorded in two geometries, i.e.
with the Q momentum transfer vector parallel (Q,/) and
perpendicular (Ql) to the urea host tunnel axis. It was
therefore possible to investigate separately reorientational
and translationul motions in both the low temperature (LT)
and high temperature (HT) phases of the samples. The low-
frequency excitations observed in the LT phase and only in
the Q,/ geometry can be assigned to the "sliding mode" of
one sublattice (the n-alkane guests) with respect to the other

(the urea host). Fig. 4 shows that the mean frequency of this
"sliding mode" does not follow a simple law with the chain
length of the included alkane. It seems to depend upon the
parameter c,,/C|, which characteri/es these incommensurate
composite structures | 3 | . The spectra have been
quantitatively analy/.ed by meuii" of a model of damped
oscillator |4| and the results interpreted on the basis of the
structural properties of these composite incommensurate
systems. On the characteristic time scale of the experiments,
réorientations of the n-alkane chains are effective only in the
HT phases of the compounds. Fig. 5 shows the evolution
with temperature of C^Hi^/urea inclusion compound and
the fit with the model.

Diffusion of'Ni"+ in l^Mo^Sjf
(ILL, University of Kiel, TU Berlin)

Binary and ternary molybdenum cluster chalcogenides
(Chevrel phases) of composition Mo()Xs and A4Mo(,XN

show a manifold of chemical and physical properties
depending on the nature of the chalcogen atom X. the nature
of the ternary metal A, and the sloichiometry of the latter.
They are able to undergo reversible lopotactic redox
reactions at ambient temperature via electron/ion transfer.
Electrons are accepted by appropriate levels of the host-
lattice conduction-band and the resulting negative excess
charge is compensated by the simultaneous uptake of mobile
cations A+ or A2+ which occupy empty sites in the lattice
channels.

Small cations, such as Li+, Cu+ or Ni"+. form the so
called Chevrel phases of type II where the rhombohedrul
unit-cell is compressed in direction of the threefold
symmetry-axis. This leads to a squeexing of the Xx cubes
and in consequence to the formation of two times six
potential lattice sites with distorted tetrahedral symmetry.
These sites arc arranged on two concentric rings around the
unit-cell origin. The large number of possible lattice sites
within the empty channels should facilitate the diffusion
of the guest ions within the host lattice.

Fig. 6 shows a projection of the 3d-framework of inner
and outer sites of М!2Мог,58 around the unit-cell origin (Д).
Possible jump distances are indicated and vary between
I.2Â and 2.9Â. Electrochemical work gave evidence
of fast long-range diffusion for e.g. L^Mo^S^
with D,3(H,K) = 1.4 x I0~';civr/s or Ni2MoflS8 with
DOOOKI = '-7 x l()"4 cirr/s. Quasiclastic and inelastic
neutron scattering experiments were performed on INK)
to study the motional behaviour of the intercalant Ni~+

in NiTMof,Sx on a microscopic scale. T-dependent fixed-
window scans revealed a motional broadening of the spectra
above 250K. The inelastic spectra measured as a function
of scattering vector and temperature contained a constant
20r/r of elastically scattered intensity |5]. This corresponds
to the incoherent scattering cross-section of the immobile
host lattice MofiSx and indicates the Ni~+ motion to be
a long-range diffusion process.
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F/.ç. 5: Quasielastic neutron scattering spectra of C/ i

inclusion compound for 3 temperatures:
a) T = 50 К - expansion 50;
b)T= 109 К (below the transition temperature) - expansion 10:
c) J - 161 К (above me transition temperature) - expansion 2.

A simple jump-diH'usion model Cits the T- and Q-
dependenee of the inelastic spectra; tc,,= 1.5 x 10"'2s,
EA=24kJ/mol. The jump vector amounts to 2.1 A and can be
correlated to the distances indicated in figure 6, assuming
that thermal averaging merges the six inner sites into the
unit-cell origin. A long-range diffusion process consists
of intracluster jumps of 2.3À and intercluster jumps of 2.1 A
(Fig. 6). Most surprising is the high value of the diffusion
coefficient which amounts to О ( 1 ( Ю К ) = 3 x l()"ycirr/s.
To our knowledge this is by far the highest value found by
neutron scattering techniques for the diffusion of a transition
metal within a solid compound at room temperature.

Quantum Rotations
Rotation/Precession of МНЦ groups in Hofmann
Clathrates (ILL, CNRS, ANSTO, LLU, ISIS)

Although quantum rotation of molecular species is often
regarded as an excellent example of a single-particle motion
several recent studies have revealed pronounced coupling
effects. The temperature dependence of the j=()<->j=l
transitions of the NH? rotor in Ni(NH^2Ni(CN)4.2CfiDft

suggest these transitions become strongly coupled to
diffusive motions of the NN3 unit as the temperature is
increased |6j At temperatures below about 4K the j=()oj=l
transitions give rise to sharp inelastic features but as the
temperature is increased these peaks develop a Lorent/.ian
shaped foot which steals intensity from the parent peak
(Fig. 7). At around 30K the inelastic peaks are almost
unshifted but appear completely Lorent/ian with appreciable
intensity spreading beyond ImeV. The rotational constant
for NH} is about 0.67. Any inhomogeneous broadening
of the j=0<-»j=l peaks does not extend beyond this value.
These observations are difficult to understand within (he

О

Fit;. 6: Cluster of inner (<>> and outer (O) Ni sites around
the unit cell origin (Л) in Ni^Mof)Su
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-1.2 -0.8 -0.4

/•>',!;. 7: Ineltixtif neutron spectra of the Ni_Ni Hofmann clathrate
их » function o,''temperature recorded on the MIHEMOL
spectrometer at Ll.lt Sttchty.

normal concept of free-rotation since the NH^ rotor can only
become hindered by interaction with the motions of its
environment.

The low-temperature crystal structure has been
redetermined [7| and the NH;, groups occupy sites of time-
averaged 4-fold symmetry due to dynamic rotational
disorder. However, the INS vibrational spectrum at 20K
reveals that the instantaneous NH^ symmetry is no higher

- 1.2
-1.2 1.2

Fig. 8: Trajectories of the three H-atoms {square, triangle and
filled circle) during а 2л/3 rotation following the minimum energy
path. The open circles show the corresponding trajectory
of the centre of the H ; triangle.

than Cs |8 | . Again, this suggests considerable interaction
with the environment.

A possible explanation for these inconsistencies is based
on the rotation of a triangle within a square.

The sum the of the distances, r, between the three
H-atoms and the four nearest neighbour atoms is constant
regardless of the orientation of the NH^ group. The total
repulsive potential between the triangle of H-atoms and its
4 nearest neighbours (which form a square) can be reduced
by allowing the centre of the triangle to move away from the
centre of the square. During а 2rc/3 rotation of the H3
triangle, the position of the centre of the triangle
corresponding to the minimum Z(l/r ) describes a circle of
radius 0.26Â around the centre of the square. Fig. 8 shows
the trajectories of the three H-utoms, and the centre of the H^
triangle, during the 2л/3 rotation which follows
the minimum-energy route.

All three H-atoms follow each other around the same
trajectory - which now has four-fold rotational symmetry.
The minima of this new rotational potential correspond
to orientations where two H-atoms experience equal
potentials whilst the third H-atom experiences a higher
potential leading to an effective symmetry of Cs.
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Magnetic excitations in rare earth dimers.
High-resolution inelastic neutron scattering

Hans U. Giide!

Institut t'iir anorganisehe und physikalische Chemie,

Frcieslras.se 3, CH-3000 Bern 9, Switzerland

Understanding the nature of magnetic interactions
between neighbouring transition and rare-earth rneta)
ions in insulating lattices is a prerequisite for
understanding macroscopic magnetic phenomena and for
the design of new magnetic materials. The area of
"Molecular Magnetism" is presently very active [1].
The bridging aeometry, connectivity, dimensionality,
and the combination of magnetic building-blocks are
systematically varied to produce compounds with novel
magnetic properties. Dimcrs and higher clusters
of magnetic ions can be considered as molecular models
for a detailed study of the microscopic magnetic
interactions. Co-operative phenomena arising from
extended interactions do not complicate the situation in
these systems, and an analysis in terms of simple
molecular-models is possible.

We have combined high-resolution inelastic neutron
scattering (INS) and optical spectroscopy to investigate
transition-metal and rare-earth metal ion clusters in detail
|2-6], Here we illustrate the results obtained for
rare-earth dimcr systems over the past few years by
presenting two selected examples. The family of
compounds Cs3R2X4 (X = СГ Br"; R = Sm3+...Lu3+, Y3+)
is ideal for such a study [7]. The RoXcj dirncrs consist
of two face-sharing octahedra, as shown in Figure I .
The compounds crystallize in space group R3c, with the
trigonal dimer-axis parallel to the crystal с axis. The
compounds can be synthcsi/e<! by the methods described
in réf. (7|. We used the rare-earth oxides as starting
materials and transformed them to halides cither with
HX or with NH4X. Mixed crystals can be prepared, and
by using C s ^ X y as a host, the single-ion properties of
the R'1+ ions can be studied for comparison. On the other
h « nil, irivalent tiansition-metal ions T3 + can be
incorporated into the structure, thus producing mixed

Figure 2 shows INS spectra at 5.8K of polycryslalline
Cs^YbiCly and Cs^Yb^Biy measured on IN6 |6]. One
prominent inelastic peak is observed for both compounds
in energy loss and energy gain. The peak energies are
3.25(3) em"1 and 3.00(3) cm"1 in the chloride and
bromide, respectively. Since Yb3+ in an octahedral
coordination has a well separated Kramers doublet
ground state, the most simple theoretical model can be
used for the intradimcr exchange interaction: coupling of
two Kramers doublets. Both a Heisenberg and an Ising

-D
t_
О

5.8 К

Cs3Yb2CI9

Cs3Yb2Br9

- 4 - 3 - 2 - 1 0 1 2 3

cm

Fig. I: Schematic illustration of the structure

of the /?2^9 Miners.

Fig. 2:1 Mastic neutron scattering spectra ofpolycryxtalline
CsjYhi*. ' .tind ^х^Ь2Иг,/at 5.8 K. Conditions: instrument
IN6. sum of all scattering angles, wavelength 5.9 A.
(From réf. 6).
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Fig. 3: Energy splitting of two exchange-coupled Kramers
doublets according to et/s. (I) and (2). Tin- dimer levels are
designated in the /->)/, dimer point group.

model split the ground slate into two dimcr levels,
whereas an XY model produces three dimer levels with
equidistant energies. The Heisenberg and Ising
interactions for a dimer can be written as:

with the Junctions (3) and (4) in Figure 4. The intensity
of the inelastic peak disappears as Q approaches /его,
the behaviour expected for a S = 0 —» S = I dimer
excitation in the Heisenberg model (eq. 3). The size
of the singlet-triplet exchange splitting is remarkable
for a rare-earth system. Using the Humiltonian ( I ) we get:

2J = -3.25cnï' for Cs3Yb2Clg

2J = -3.00 cm-' for Cs3Yb2Br9 (5)

We attribute these high values of the exchange
parameters to the close proximity of the Yb-1+ ions in the
dimer, resulting in a relatively strong overlap of the
relevant magnetic orbitals. The difference of
approximately 10% between Cs3Yb2Cli; am.i Cs3Yb2Bry
is reminiscent of exchange coupled transition-metal ion
systems willi face-sharing octahedra.

In the next example. Cs3Dy-iBri,, we investigate (he
exchange splitting of the lowest-energy crystal-field (CF)
excitation |°]. Its energy is determined in the diluted
Cs3Y2Br9:IO%Dy sample, and Figure 5a shows the
corresponding region in the 1.5K INS spectrum

Heisenberg: Hex = - 2 J S ! • S2 (1)

Ising: Hex = - 2 J Z S ! • S 2 (2)

The corresponding splitting pattern for anti-
ferromagnetic coupling is shown in Figure 3 with the
designation of dimer levels in D3h notation. The arrows
indicate the allowed INS transitions.

In order to distinguish between the Heisenberg and
the Ising case we have to consider intensities,
in particular their dependence on the scattering vector Q.
It can be shown that the Q-dependence of the signal from
the dimer excitation in the Heisenberg and Ising models
is given by [6]:

Heisenberg: 1(0) ~F2(Q)i1 - 3 ' " ^ П (3>
! QF>

Ising: |(Q) ~F2(Q) (4)

F(Q) is the magnetic form-factor and the square
bracket in eq. (3) represents a so-called interference term
|8]. This factor is very typical of dimer excitations, and it
reflects the separation R of the two magnetic ions in the
dimer. Since this factor tends to zero as Q approaches
zero, it is very important to measure intensities down to
the lowest Q values. We used IN5 for these
measurements. The experimental results are compared

eq. (4)

Fig. 4: Observed (circles with estimated error bars) ami
calculated (thin lines) INS intensity of the singlet-triplet
excitation as a function ofQ. The thick lines are fits ofeq.(J)
with a scaling factor as an adjustable parameter. The function
4 is included in (ai for comparison. (Adapted from réf. 6).
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measured on IN5, with a single peak at 15 cm .
Figure 5b shows the same CF excitation in the undiluted
Cs^Dy-JàTg. The effect is dramatic. Instead of a single
line we observe a highly structured spectrum covering
the energy-range from 10 cm"1 to 17 cm"1. At least four
components are resolved, and for a full analysis we need
their temperature-dependence and their Q-dependence.
Both the ground and the first excited CF states are split
by exchange interactions. In addition to the transitions
shown in Figure 5, we observed a transition between two
exchange-split levels of the ground state at 0.65 cm"',
exhibiting the same Q-dependence as the Yb2Brc
excitation presented in Figure 4. Using all the observed
INS data, supplemented by high-resolution optical
spectra, we obtained the empirical energy-level scheme
shown in Figure 6a. For an analysis of the relative INS
intensities and their Q-dependence, the appropriate
cross-section formulae were derived.[3]. The computed
energy-level scheme shown in Figure 6b was obtained
by diagonalizing the Hamiltonian:

л •- 1 л 2 ~
Hoimer = HCF + HCF + Hex (6)

^ 1 л 2

where HCF and HCF describe the crystal-field
splitting of the two Dy3+ ions and Hex is a Heisenberg

Q-> 1

a)

B < c r B ' iV
A - > A '

B,C -> C'

b)

hi
• 1.5 К

-20 -16 -12

E [cm'1]

-Q

Fig: 5: Inelastic neutron scattering spectra ofpolycrystatline
Cs3Y2Br9 10% Dy34" (a) and Cs3Dy2Br9: (b)) Instrument IN5,
wavelength 4.8 A.

exchange operator with 2J = -0.05 cm"'. The calculated
energies and relative intensities are in good agreement
with the data. It is not obvious that this splitting
corresponds to the Heisenberg model. In the ground state
we do not have a simple singlet-triplet splitting as in
Yb2Br9

3" because of the proximity of the other CF states.
In the excited state we have a total of eight dimer-levels.
The reason for this doubling with respect to the ground
state that either of the two Dy3+ ions of the dimer can be
in the excited CF state. The proper dimer wave-functions
are thus given by:

1 I GS ES ES GS^
т i = —~— 1Ф1 Ф 2 — Ф"! Ф 2 I (T\

1/7)" (.'/

The magnetic ordering in Dy compounds with
extended interactions can often be interpreted in terms of
an Ising model [10]. This is usually attributed to a highly
anisotropic g-tensor of Dy . In our Dy2Br9 dimer the
observed behaviour cannot be reproduced by an Ising
model. In the analogous Ho2Br9

3" dimer, on the other

C1 15.6

B' 14.4

A1 12.3

13

Fig. 6: Exchange splittings of the first two crystal-field levels
in Cs}Dy2Brg.

a) Experimentally determined splitting using INS.
The arrows correspond to the observed transitions,

b) Calculated splitting using eq.(5) with a Heisenberg
exchange Hamillonian and 2J = -0.05 cm"1.
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çj hand, the Heisenberg model was found to be inadequate
t and a tensor formalism was used to account for the

observed INS data [11].
О

e The direct observation of exchange-splittings in the
n lowest CF states by high-resolution INS and optical

spectroscopy of 0531*2X9 dimer compounds has led to a
better understanding of the nature of the magnetic

d coupling between neighbouring rare-earth metal ions in

e insulating lattices. Accurate values for the exchange

s parameters can be directly derived from the data.
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Large molecules

Members of the College

P. Chieux
B. Farago
B. Frick
K. fbel

External members

J.P. Beaufils (ENS Lyon)
M. Bee(UJF)
J.F. Legrand (UJF)

C. Lartigue (CNRS)
P. Lindner
R. Oeser

C. Poinsignon(UJF)
D. Quenard (CSTB)
P. Terech (CENG)

Scientific activities of some college members have
continued outside the ILL in 1993. Bernhard Frick was on
leave at NIST for 1 year where he did tests at the
backscattering spectrometer and measurements with glasses
using triple axis and TOF instruments: he returned to ILL in
July 1993. During the last two years Bela Fatago spent half
of his time at LLB where he was putting into operation the
neutron spin echo experiment; he is back since January
1994. Pierre Terech returned from a stay at NIST where he
was working in the polymer division from August 1992 to
February 19Q3; he left ILL in spring 1993 and took up a
position at CENG. Peter Lindner did various SANS
experiments at LLB Saclay and at Ris0 National Laboratory.
Colette Lartigue who worked for two years at the University
Joseph Fourier, Grenoble, came back to the ILL
in January 1994.

Scientific Highlights
Cold neutron diffraction by volume phase holograms
for the study of light-induced reactions in photopolymers

Photosensitized PMMA slices of 2 mm thickness were
prepared from a fluid deuterated MMA (C5OiD8) monomer,
a thermal initiator and a photo-initiator. If the mixture is
kept for 15-20 h at 50°, an uncompleted thermal
polymerization takes place which supplies the three essential
constituents of the polymeric material for the storage of
volume phase holograms: about 90% of the polymer
PMMA: 10% of the monomer MMA; and the photo-
initiator.

So far, little direct evidence is available about the
mechanism which results, upon illumination, in the
modulation of the light-optical and the neutron-optical
refractive indices. Our speculations are the following: the
PMMA molecules can be considered as chains of monomer
units linked by chemical bonds and forming a nearly static
matrix. Within this matrix the free monomer molecules can
move around. One chain unit has the same coherent
scattering length as a free monomer molecule itself, because
it consists of the same nuclei. The relevant difference between
free monomer molecules and monomer units in the polymer
chain is the fact that the first are mobile and the latter not.

If some region of the block is illuminated, the photo-initiator
is activated and starts the growth of polymer chains from the
residual monomer molecules. This means that mobile
scattering units, which come along by the random walk of
the diffusion process, are trapped in illuminated regions.
To support this process the samples are heated to
temperatures of 50°C for several hours after illumination.
The photo-induced polymerization obviously provokes
a change in the number density of the scattering units [ 1 ].

All experiments have been executed using permanent
holograms which have been prepared by using the
holographic set-ups in Osnabriick. The installation of such a
set-up at the sample position of Dl I would allow us to
follow up the structural changes during the writing process;
and the decay of the density modulation in any
photosensitive material as a function oi a number of
interesting physical parameters, as temperature, light- and
UV-illumination, etc. A conceptual design of such an
installation is in preparation.

Fig. I shows the diffraction probability for the 1st peak
of diffraction versus angle of incidence of the neutron beam.
The neutron wavelength was 1 nm, and the grating period
was 249.2 nm. No changes in reflectivity could be detected
after 6 weeks; after 4 months, however, the reflectivity was
diminished by more than two orders of magnitude.

Our artificial thick gratings exhibit cold neutron
diffraction properties which are comparable to those of
monochromator crystals for thermal neutrons. One of the
possible neutron-optical applications became already
important in the context of the calibration of the new neutron
small-angle camera at the HM1 in spring 1993.
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Fig. I: Diffraction from а 1.8 mm thick sample
iifD-PMMA: DMDPE containing ti Laser-generated hologram.
ID and ln are diffracted ami incoming intensity, respectively.
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Similar gratings were prepared in undeuteratecl PMMA.
It has been shown in December 1993 that gratings of up
to 1600 nm lattice constant can be used to calibrate the
Bonse-Hart camera at ESRF |2|.

2D-Melting of a Langmuir Monolayer investigated
by Neutron Reflectivity

The melting and crystallization of monolayers of fatty
alcohols at the air-water interface has recently been
investigated using grazing incidence diffraction of
synchrotron radiation. For the series of l-alkanols ranging
from СцНщОН (Tm2D=2°C) to C I 6H3,OH (Tm2D=67°C).
these experiments have provided detailed information on the
2D crystalline structures but nothing on the properties of the
liquid phase which ought to be determined for a better
comprehension of the thermodynamics of the 2D melting
process.
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liquid phase (42 •a—••

0 0.1 0.2 0.3 0.4 0.5

Q (A-1)

Spreading monolayers of perdeuterated 1 -alcohols on top
of null-reflecting water, their changes in thickness and
density could be determined using the time-of-flight
reflectometer CRISP at the neutron spallation source ISIS.
Due to the relatively short length of these chain molecules,
we have explored a Q-range up to 0.5 A (with an incidence
angle of 1.5 deg).

Fig. 2 shows the changes in neutron reflectivity occuring
at 39 °C for 1-dodecanol and at 55°C for 1-tetradecanol [3].
The fitted curves (solid lines) show that the surface area per
molecule increases by about 30% at the melting temperature
due to decreases of both the thickness and the density of the
monolayer.

Local dynamics in polymer glasses

Side group and main chain deuterated and fully
protonated atactic polystyrene of high molecular weight was
investigated by time-of-flight and backscattering in a wide
temperature range around the glass transition temperature
(Т„=375К). In the glass an inelastic low frequency excess
scattering over the Debye contribution is observed [4,5]
which shows a weak effect on isotope substitution, i.e. is
shifting towards lower frequencies for deuterated
phenylrings. The dynamic response changes towards a more
quasielastic spectrum at already 200K below the glass
transition Т„. A partial deuteration of the samples allows the
conclusion that the phenylring dynamics changes al these
temperatures. This can be seen from Fig.3, where the
calculated mean squared displacement is shown as a
function of temperature. Clearly the fully protonaled sample
shows higher values of <u~> above about 150K. This has its
correspondence in the low frequency scattering which is
observed in this temperature regime below an energy

tefradecanol

0 0.1 0.2 0.3 0.4 0.5

Fig. 2: Neutron reflectivity of monolnyers of deuterated fatty
alcohols al two temperatures on hoth sides of the 2D melting point
(11) CI2D2SOH. (h) C,jD2VQH.
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Fig. 3: Menu squared displacements for PS-d5 ami PS-h8
calculated from the Q-depeiulence of the elastic scattering 141
to 2À'1 anil with lj.lv V energy resolution from INK) data.
The two straight lines are low temperature extrapolations
of the mean squared displacement. Data for PS-d5 measured
on IN13 ("') are shown for comparison.
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transfer of about 1.5 meV. If the temperature is increased
further close to T a . then the low frequency relaxation
process, which is well known tor very different types of
glasses, is observed to set in very rapidly. Thus two different
dynamic regimes are detected in polystyrene.

Another example where the side group dynamics of a
polymer could be separated from the main chain dynamics-
using partially deuterated samples is polyisoprene.
The dynamics of the methyl side group had been detected
far below the glass transition applying the fixed window
technique on IN10 and IN13 |6]. The first decrease of the
elastic scattering shown in Fig.4 is ascribed to the methyle
group dynamics and it levels off before, near the glass
transition temperature, a second decrease appears which is
related to the fast glass transition relaxation process. Model
calculations for methyl group jump models reveal that only a
distributioi! of relaxation times or activation energies,
having its origin in the local disorder, can explain the
relatively slow intensity decay with temperature.

Flow enhanced concentration fluctuations
in sheared, semidilute polymer solutions

Using light scattering and SANS with various scattering
geometries (different beam paths with respect to the shear
gradient direction) and shear flow geometries (Couette or
cone-and-plate), it has been observed by several groups that
the scattering intensity of a semidilute polymer solution is
strongly increased by shearing the system. Flow enhanced
concentration fluctuations have been found to be either
anisotropic with respect to the flow direction or to be
isotropic. A debate is centred around the question whether
shear induces a shift in the cloud point of the solution or
whether the concentration fluctuations in the entangled

100 200
temperature (K)

300

l-'iK. -t: Elastic scattering as a function of temperature
их uhsen'ed on IN10 for differently dettterated polyisoprenes.
The first relaxation step corresponds to the rotational dynamics
of the methyl groups and the second step corresponds to the onset
of a fast dynamic process near the glass transition.

polymer system are amplified and distorted by other
mechanisms, without a shift in the critical temperature for
phase separation.

Figure 5 (page 140) shows one of the results of recent
shear experiments performed at the SANS instrument PAXY
at LLB 171 with a semidilute solution of perdeuterated
polystyrene in the solvent di-octylphthalate (OOP) at
a concentration 9% w/ w. DOP is a theta solvent
for polystyrene at a temperature of Т = 22°C. These
SANS experiments have been performed at different
shear gradients V in the "strong shear" regime (Weissenberg
number Wi = у tc » 1, with tc being the longest relaxation
time of the system). Variation of the temperature, as a
further parameter, allowed tuning of the solvent quality;
hence, different regions of the phase diagram of the polymer
solution were explored, ranging from poor solvent
conditions at T=15°C in the vicinity of the phase boundary,
across the theta region around T=22°C to the good solvent
regime at T=50°C.

At rest, an azimuthally isotropic scattering pattern is
observed. Under shear, the pattern (see Fig. 5) becomes
slightly anisotropic at large momentum transfer q, with
a long axis perpendicular to the flow direction. At low q,
closer to the beamstop, a pronounced increase parallel to the
flow direction leads to a double winged shape of the pattern
which ressembles closely the "butterfly patterns", also
observed in deformed gels, rubbers as well as in polymer
melts. The effect is increasing with increasing shear.
Compared to the measurements in the theta region, it is in
the good solvent regime (T=50°C) smoother but still visible.
At temperatures below T=22°C, however, when approaching
the two phase region, a strong isotropic increase
of the scattering intensity is observed which superimposes
on the "butterfly" pattern.

Fig. 6 shows the radial intensity distribution,
corresponding to the raw data shown in Fig. 5 in directions
parallel and perpendicular with respect to the flow direction.
In perpendicular direction, the differential scattering cross
section (d£/dQ)^ of the sheared semidilute solution remains
within the statistical error identical to the isotropic scattering
at rest ((dl/d£2)jsl)), as being observed already with sheared
dilute solutions and with melts. On the contrary,
a pronounced increase of the differential scattering cross
section in parallel direction, (d£/di2)n is observed at the
lowest q values. In the theta regime at temperatures around
T=22°C and in the good solvent regime at T=50°C (data not
shown here), this increase in parallel direction can be
approximated by a power law of q"1'6. At larger values of the
momentum transfer q, however, the intensity in parallel
direction is lower than in perpendicular direction and al even
higher q the anisotropy vanishes.

A possible theoretical explanation considers
disintcrpenetralion of an assembly of regions of higher
concentrations and regions of lower concentrations in the
solution [8|, as proposed for the description of percolation
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So-

Fig. 6: Differential scattering crass section dZ/d£2=f(q)
of polystyrene in sheared semidilule solution following
from the raw data shown in Fig. 5. Evaluation in the directions
perpendicular (±) and parallel (\\) with respect to the flow
direction. The continuous line corresponds to the scattering
of the solution in the quiescent state.
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clusters of regions of high crosslinking ratio ai.er random
crosslinking of a semidilute solution, which is well suited to
predict the "butterfly" effect in uniaxially deformed swollen
gels. The deformation in the parallel direction acts as a
dilution of the high concentration regions (harder) inside the
low concentration regions (softer). These regions may be
highly "interpenetrated" in the quiescent state, i.e. their
screening length Ë; (observable by scattering) is much
smaller than their maximum size. Dilution, as equivalent for
instance to shear in II - direction, will increase the "visible"
size of the clusters. However, the sheared semidilute
solution is entangled but not crosslinked. This is similar
to the case where free mobile labelled chains are embedded
in a stretched matrix: "butterfly" effects are observed when
the matrix is crosslinked, as well as when it is a melt of long
chains, which are just entangled. In stretched gels a power
law of q at low q is both observed and predicted;
it is apparently observed also in the case of the sheared
semidilute solution as described above.

Secretary: Peter Lindner
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Public Relations

During 1993 the ILL saw the visits of two outstanding
personalities:

Professor Georges Charpak

The Nobel Prize winner, Professor Georges Charpak,
spoke at the joint ILL-ESRF Colloquium on 31 March 1993.
He received the prize in 1992 for his invention and
development of detectors in the field of high-energy physics.

Professor Charpak has been a member of the Instrument
Subcommittee of the ILL's Scientific Council.

Since 1959 he has worked at CERN where he invented
the multiwire proportional chamber. This work was
published in 1968 and led to the development of different
kinds of multiwire detectors.

In parallel, a technology of 2-dimensional multidetectors
for neutrons has been developed in collaboration by
LETI-ILL (Patent, April 1968, R. Allemand, J. Jacobé,
E. Roudaux) followed by industrial production.

A new improvement has been developed at the ILL by
using a technique of micro-strips deposited on glass plates
(Patent July 1986, A. Oed), which increases the counting
capacity and the 2-dimensional spatial resolution of such
detectors.

Dr. Gerhard Stoltenberg

On 15 September 1993, Dr. Gerhard Stoltenberg from
the Auswartiges Ami in Bonn, accompanied by Hans von
Hengstenberg, Generalkonsul der Bundesrepublik
Deutschland in Lyon, visited international research
institutions with German collaboration in Grenoble: the ILL,
ESRF, EMBL, IRAM and the High Field Magnet
Laboratory.

Dr. Stoltenberg signed the first German/French
Convention for the foundation of the ILL on 19 January
1967 in his then capacity as Bundesminister fur Forschung
und Wissenschaft.

Volker Knoerich, Ministerial-Dirigent in the
BMFT/Germany, also took part in the guided tours.

The lunch in the ILL-ESRF joint restaurant provided the
opportunity for G. Stoltenberg to meet personalities from
Grenoble public life: Joël Gadbin, Préfet de l'Isère;
Jean-Paul Watteau, Recteur de l'Académie de Grenoble,
Chancelier des Universités; Alain Nemoz, Président de
l'Université Joseph Fourier, Grenoble; François Gillet,
Directeur du Pôle Européen Universitaire et Scientifique;
Joël de Leiris, Maire-Adjoint de Grenoble, chargé des
Relations Internationales, des Universités et de la Recherche.

During the press conference concluding his visit,
G. Stoltenberg expressed his strong impressions on the
effective and intense scientific collaboration between
Germany and France and also at the European level in the
Grenoble region. He noted that this fruitful collaboration
merits greater support by the German and French
Governments.

As in 1992, the ILL participated in "La Science en fête",
initiated by the French Ministry of Education. Many
research laboratories from the Grenoble region manned
stands side by side in Place Victor Hugo in the centre of
Grenoble for three days, 4 to 6 June. The ILL-ESRF joint
stand was a great success. Directors, scientists and engineers
explained in personal discussions the activities of the ILL to
the public.

During the "Semaine Européenne de !a Culture
Scientifique" (basically organized by the ESRF) the ILL
participated in the European Press Day on 23 November, on
the ILL-ESRF-EMBL joint site. An international press
conference was held in the morning followed by guided
tours to the institutes in the afternoon. Several publications
appeared afterwards.

Bernd Maier, Scientific Secretary, took early retirement
in June 1993. Since the first activities of the ILL, he was
responsible for scientific coordination of the users'
programme and for public relations. Assisted by Gerry
Briggs and later by Herma Buttner he created a well
organized office. He produced many brochures and leaflets
about the ILL and regularly promoted articles in the press
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on the scientific achievements of the ILL. The ILL Annual
Reports produced by B. Maier were of high professional
standard and greatly appreciated by the readers. His heart
was devoted to the well-being of the Institut.

Since July 1993, with the new organization, H. Biittner is
head of the Scientific Support Group in the Science
Division, which includes scientific coordination.

The public relation activities were taken over by
B. Dorner for scientific matters. He remains a member of the
TAS Group in DS and is instrument responsible for INI. As
far as technical aspects and relations with local public-
authorities are concerned J. F. Veyrat, head of the Safety,
Medical and Health Physics Group, is in charge.

Bruno Dorner
Scientific Secretary

Safety, Medical and Health
Physics Group

Health Physics

1993 has been another year during which the work
of the Health Physics Service has been closely connected
with the work in the reactor.

Individual Dosimetry monitoring, checking the
radioactivity of all the equipment dismantled in the reactor,
evaluation of the active items to the radioactive waste
disposal.

Amongst this work, one operation has required the most
effort from the Service.

• The cleaning and decontamination of the reactor
swimming pool so as to provide satisfactory environmental
conditions for personnel working on the new reactor vessel.
The results were excellent, so that staff can work normal
hours in the pool.

Safety

Various measures have been taken:

• To decrease the number of industrial accidents;

• To follow up the safety of the work on the reactor:
preparation of safety plans;

• For the Safety Unit, a major project has been
monitoring the external and internal painting of the Reactor
Building;

• Training ILL staff on safety (fire extinguishers,
handling, electricity, first aid practice, etc);

• As the Head of Safety. Medical, Health Physics
and Environment (D.SPSE) is now also in charge
of problems relating to the environment, efforts have been
made to introduce a better system for collecting waste
(used oils, metals, papers, etc.).

Joint Works Medical Service

In addition to medical surveillance of ESRF and ILL
staff, the Joint Medical Service has directed its activities
to an enquiry of staff working on computer screens and risks
connected to conditions of work, particularly back problems.

The Joint Medical Service is fully operational in its new
premises in ILL 17.

Jean-François Veyrat
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How is science surviving in the third and lust year of neutron
drought? In normal conditions an ILL scientist often had to
restrict his activities because as a local contact he had to deal
also with the instrumental and technical aspects of an
experiment. Now many have found the time to delve deeply
again into scientific problems, to go back to previous
experiments, to treat more complex data. Results were put in
order and collated. Quite a number changed roles: they
travelled as users to Orphée, ISIS, HMI, Prague,
Brookhaven. NIST, Australia, and Japan and came home
with new results. We express our gratitude to those research
centres which welcomed our scientists for visils or even
longer periods. A few scientists managed to escape their
"neutrons-only" world and got acquainted with other
research methods such as synchrotron radiation, muons or
even material characterisation in an industrial environment.
Some scientists replaced neutrons by computer simulations.

The sudden neutron drought was of course most dramatic of
all for our thesis students. Without neutrons and with a
supervisor who might have left for another continent they
sometimes had to pass an independence test. They often
found neutrons elsewhere and changed their subjects to
some extent. I am happy to say they all made it.

Recently quite a few were busy tackling the n-body problem,
whelher the current reorganisation was a 1st or 2nd order
phase transition, as it shows features of both: it needs energy

but it exhibits critical fluctuations. In the new Science
Division, the reorganisation mainly concerns the instrument
groups which comprise all the experimental scientists and
instrument technicians. These groups are responsible for
further improvement of experimental methods and
particularly the development, maintenance and operation of
our instruments. Development of experimental techniques
and instruments has always been one of the strong points of
the Institut, a tradition which we want Io keep alive in the
future. This effort will be based on both the DPT and DS
divisions. While major instrument projects are completely
handled within DPT, the initiaiion of studies (PIAFE),
smaller projects (Laue Detector and -̂ He polariser) or even a
bigger project like GAMS5 are dealt with in DS.

The attentive reader may note that the traditional separation
of the annual report into reports from colleges and
instrument groups has survived the reorganisation. The
JLL's scientific life will continue lo he organised with a
minimum of regulations and a maximum of liberty within
the colleges. Being in a one-to-one correspondence with the
sub-committees, the colleges are also the natural connection
to our user community.

Reinhard Scherm
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Scientific Coordination Office
The office helped in the organisation of several

workshops in 1993, which were held at the ILL. The list is
as follows:

Workshop Organisers

"Neutrons & X-rays
in the Study of
Magnetism"

Dates 21 -23 January 1993

"Memorial Colloquium"
Walter Mampe
Dates 29 January 1993

G.H. Lander,
(EITU Karlsruhe),
W.G. Stirling, (Keele),
C. Vettier(ESRF),
J. Martinez (ILL/Madrid),
P.J. Brown (ILL)

M. Pendlebury

"Dynamics of Disordered
Materials II"

Dates 22-24 March 1993

A.J. Dianoux, W. Retry (ILL),
D. Richter (Jiilich)

"Quasicrystals"

Dates 2-4 June 1993

C. Janot

"Progress in Gaseous
Microstrip Proportional
Chambers"
Dates 21-23 June 1993

P. Geltenbort

Because of the reactor shutdown the ILL scientists and
thesis students had to apply for beam time at other research
centres. The ILL gave financial support to some
70 experimental visits to the following research centres:
LLB Saclay (F), LURE Orsay (F), ISIS Didcot (GB), PSI
Wurenlingen (CH), HMI Berlin (D), GKSS Geesthacht (D),
PTB Braunschweig (D), NIST Gaithersburg (USA), BNL
Brookhaven (USA), Chalkriver (Canada), JAER/ Tokai
(Japan), KEK Tsukuba (Japan). The most frequently visited
research institute was LLB Saclay.

Within a special agreement between JAERI (Japan) and
the ILL four ILL scientists were invited to work for several
months at the JRR-3M reactor in Tokai. Travel and living
expenses were covered by the JAERI Foreign Researcher
Invitation Programme.

Joint ILL-ESRF Library

Librarian: Christine Castets

1993 Scientific Literature Budget: 1348.2 KFF,
Excl. Taxes

ILL Share : 57.5% = 775.2 KFF, Excl. Taxes

In 1993, the 10 % increase in literature budget as planned
in the "Agreement for the Operation and Maintenance of a
Joint ILL-ESRF Library" allowed the library to operate in
good conditions and even to improve the service to users:

• It was possible to maintain the journals previously
subscribed to, despite the continuing increase in their costs,
and even to take out some new subscriptions.

• Book acquisition was increased by 10% compared
with 1992

• Several CD-ROM data bases could be purchased
and installed.

During 1993, the effort was concentrated on backlog
cataloguing expected to be completed in July 1994:
3300 new entries were registered thanks to equal additional
help from ILL and ESRF.

Allocation of literature costs in 1993.

Serials
6.25

Others
4.46 %

Binding
3.72 %

Books
9.23 %

Journals
76.34 %

• 1045 books were processed, of which 622 were
additional copies of existing books:

- 396 books for ESRF Departments or Divisions
- 100 for ILL Departments or Divisions
- 549 for the Joint Library ( 500 in 1992)

• 900 volumes of journals were bound.
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A CD-ROM station "libre service" was installed in
the reading room making it possible to load up to a total of
12 discs.

This is a major improvement in the service to users since
scientists can now search directly and at any time the
following data bases:

)INSPEC-On Disc Physics ( Physics Abstracts),
1989-1993. 5 discs loaded permanently

> Medline, 1982- i 993, 14 discs of which 6 loaded
) IS1 Science Citation Index, 1993, one disc loaded

The most used is of course 1NSPEC.

Current Contents on Diskette with Abstracts (Physical,
Chemical and Earth Sciences) installed on the network since
1992 remained a useful tool for current bibliographic
searches.

Publication files of ILL and ESRF were transferred onto
the LORIS/DORIS system of the library.

Publications:

For the II L, 339 publications were received
(compared with 600 in 1992).
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Publications received in 1993 by subject:

/ - Instruments ami Methods
2 - Theory
3 - Fundamental and Nuclear Physics
4 - Excitations
5a- Crystallograpliic Structures
5h- Magnetism
f> -Liquids, Disordered Materials
8 - Biology
9a- Chemistry- Small molecules
9b- Chemixtrv- Colloids and Polvmerx

Herma Biittner
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Nuclear and fundamental
physics (NFP) Group

PN1 Fission product separator LOHENGRIN on beam
tube H9 (H.R. Faust. G. Fioni, I. Gartshore)

PN3 Curved and flat crystal spectrometers GAMS2/3,
GAMS4, GAMS5 (project) on the through-tube
H6 - H7 (H. Borner. A. Williams. R. Oliver)

PFI Cold polarized beam at the end position of guide
H53 (J. Last, U. Mayerhoter, R. Bender)

PF2 Ultra-cold neutron source and distribution system
on level D using the vertical guide from the cold
source and neutron turbine
(W. Drexel. P. Geltenbort, H. Just)

PN1 Fission product separator
The installation of the reverse energy dispersion (RED)

magnet, which will provide a substantial reduction of the
background and an increase of up to a factor of 7 in the
counting-rate of the Lohengrin spectrometer, was completed.
The support frame was designed and manufactured. It was
mounted on an air-pad system to provide easy positioning
of the magnet and to give the possibility of having access
to the old focal plane.

The exit section of the spectrometer was considerably
modified: the beam tube was shortened by 25 cm,
the vacuum valve replaced and two additional diaphragms
were added. In the direction perpendicular to the Lohengrin
parabola, the size of the beam can be varied (maximum
opening 5 cm) with a rotating cylinder driven by an electro-
motor and remote-positioned by a PC. Thirteen shutters each
of them about 3 cm wide and remote-pneumatically
operated, give the possibility of sampling the 40 cm of the
Lohengrin parabola. The combined use of both diaphragms
is essential in the tests of the modified ion-optics
of the spectrometer and for experiments requiring a very
high-purity beam.

The experimental area and the data acquisition and
control rooms underwent significant improvements: a false
floor was laid down and a suspended ceiling was mounted to
provide a better working environment. The electronics used
to control the instrument was re-cabled to assure an easier
maintenance.

PN3 Gamma ray spectrometers
The upgrade of the GAMS2/3 spectrometer (Miinchen-

ILL collaboration) is nearly completed. The new optical
interferometers are assembled and aligned with respect to
the faces of a reference cube. The spectrometer is currently
being reinstalled at its original site in level С of the reactor.

dumond double
spectrometers flat crystal
GAMS ll/lll spectrometer

GAMS IV
D 2 0

double
bent crystal
spectrometer
GAMSV

source changer source P a ' r spectrometer

Fig. I : Implantation nfllte у-''iiy spectrometers GAMS2/3
and GAMS4 tit the Ho ami GAMS? at '.he H7 side, respectively,
of the tlimiif-li^oiiif; beam lube.

The 5.8 m DuMond spectrometer GAMS1 will be
replaced by a two-axis focussing spectrometer of focal
length ~ 17 m. This spectrometer, GAMS5. is currently under
construction (see section "projects"). Fig. I shows
schematically the intended implantation of the different
spectrometer set-ups on either side of the through-tube.
The high-resolution measurements can be complemented
by measurement of primary y-ray spectra using the former
pair spectrometer PN4. This spectrometer has been offered
as a CRG instrument.

The two-axis flat crystal spectrometer GAMS4 (NIST -
ILL collaboration) is currently stored in the second guide
hall (1LL22) where it is kept under running conditions.
Currently a new antivibration system is being developed for
this spectrometer at NIST.

PF1 Cold polarized beam facility
In December 1992 it was proposed to move PF1 from its

old location at H14-2 to the end position of H53 in the new
guide hall. This neutron beam had been used before in the
n-n experiment. After the general layout had been designed
this project was formally accepted in April 1993.

Since then, work has been done on infrastructure details
of the installation. The new facility not only features an
enlarged floor surface for experiments, but in addition,
an area for experiment preparation and testing (Fig. 2).
Future experimenlers will also appreciate the separation
of the experiment electmnics from the physicist's cabin.

At its exit in the EVA cabin H53b h;is an integrated
neutron capture flux of MO1 0 n-cm"2-s"' and a cross section
of 60x100 mrrr. This cross section will be maintained
throughout a 4 m long Ni extension guide between
(he EVA monochromuior and the PF1 polarizer. We hope
to have at least 80% of this flux available toi PFI.

At present there are no supermirror polarizers available
which can accept the lull beam cross-section but it is hoped
to be able to use two standard size polarizers on lop of each
other. In principle the use of a 3He spin filter would be an
elegant method of solving the problem of large area beam
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polarization but the application of this
technology to neutrons is still under
development.

Work on a focussing device is also
advancing. Some 100 silicon strips, each
5 mm wide and 70 mm long with a
thickness of 0.25 mm, were coated with
a non-polarizing supermirror. The
sputtering was done in Wurenlingen,
Switzerland.

Currently, the second magnet of the
former BILL spectrometer is being used
at the o!d PF1 site to measure the 177Lu
13-spectrum. Earlier runs revealed a halo
of electrons of arbitrary energy which are
scattered on the walls of the inner vacuum
pipe and find their way into the detector.
This leads to a significant electron
background around and above the electron
energy end point. To remedy this situation
S. Schônert from the University of
Munich has developed a new detector
which adds a segmented silicon detector
to the old wire chamber geometry. It is
thus possible to measure the energy of an electron
in coincidence with a wire chamber signal and to exclude
events where the electron kinetic energy does not correspond
to the magnet setting. At the time of writing, December
1993, the first data is being taken with the new detector
and electronics set-up.

PF2 The source of very cold
and ultracold neutrons

The source of very cold and ultracold neutrons
(VCN/UCN) on level D was operated in the context of ILL's
"Special Instruments" from its installation in 1985 until the
reactor shut-down in 1991. Under the reorganization of the
ILL in 1993 it became the instrument PF2 and is now one of
the regularly scheduled instruments in the nuclear and
fundamental physics group. Its applications range from
experiments in particle physics (search for an electric dipole
moment of the neutron, precise determination of the lifetime
of the free neutron) through optical experiments (neutron
microscopy, interferoinetry) to condensed matter physics for
experiments with extremely high absolute resolution
obtainable with UCN (neV). The high intensity is a result of
the design of the source that can be seen in Fig. 3 (page 140):
a neutron guide (TGV) made of metallic Ni dips with the
Aluminium entry window into the deuterium of the vertical
cold source and transmits neutrons within a velocity range
from about 30 to 200 m/s to the experimental floor on level
D. The beam is split into halves: one half supplies a beam
of VCN to the experimental floor, the other half is guided
to a neutron turbine. There, VCN are Doppler-shifted
to become UCN by reflections on the preceding blades

Echelle

0 Im 2m 3m 4m 5m

Fig, 2: The plan of a large part of the second neutron guide hall. 1LL22. The unshaded
ureas at the end position off/if H53 cold neutron guide show the region occupied
by the new intense cold polarized beam facility for fundamental physics called PFI.

of the neutron turbine (690 cylindrical Ni mirror blades
mounted on a wheel structure of 1.8 m diameter moving
at a peripheral speed of 30 m/s). The measured intensities at
the respective exit slits were:

VCN density: 0.25 cm'3 (m/s)"3 at 50 m/s

UCN fluxes: 2.6-104 cm"2 s"1 up to v, = 6.2 m/s

and 3.3-104 cm'V ' up to v7 = 7 m/s

These values show that PF2 is the strongest source of
VCN and UCN worldwide. Available for external proposals
are 1 beam of VCN, 3 high intensity beams of UCN in
a switch mode and one permanent UCN side beam of lower
intensity. For possible future needs a second beam of VCN
and another permanent beam of UCN can be made available.
This unique source 1ms been described in detail in ( I ).

During the reactor shut-down the second, curved part of
the above mentioned neutron guide has been renewed; it has
been fabricated by the Teclmische Universitat Miinchen
(TUM) under the supervision of H. Nagel. It was assembled
and leak tested successfully in autumn 1993 at the ILL and
its installation is scheduled for May 1994.

Experiments with direct ILL involvement concern
currently the neutron lifetime measurements and the neutron
EDM measurements:

MAMBO II:

It was shown by the experiments of W. Mampe et al. (2)
that UCN storage experiments can supply the most precise
values for the lifetime of the free neutron. Such experiments
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on the decay of the tree neutron give essential information
about the weak interaction coupling constants gA, gv .
A detailed analysis of the former bottle experiment showed
that it should be possible to improve the experimental
precision from ±3 s to below ±1 s with a more advanced
design. A new apparatus is therefore being constructed in a
collaboration between the TUM and the ILL in the context
of a doctoral thesis (3).

In bottle experiments UCN are stored in a trap of
variable volume and one counts the number of remaining
neutrons as a function of storage time. During storage,
neutrons are lost by the decay of the free neutrons and by
absorption or inelastic scattering on the trap walls.
Assuming that the losses on the trap walls are proportional
to the wall collision rate the neutron lifetime can be
determined by an extrapolation to zero of the ratio of wall
area to trap volume. Gravity enters as a correction, as wall
elements at different heights contribute differently to those
losses. Furthermore, it has been shown in the context of this
doctoral thesis that there exist non-vanishing energy
transfers during wall collisions - an effect that may not be
explained fully by mechanical vibrations of the trap walls.

In the new experiment (MAMBO II - Mampe bottle II;
see Fig. 4 (page 140) the storage volume is integrated in a
larger surrounding pre-s;orage volume. This pre-storage
volume allows the shaping of the energy-spectrum of the
UCN before they are transferred into the storage trap. The
design ensures furthermore that the UCN-spectra are
independent of the trap volume at the time when the UCN
are transferred into the storage volume. The construction of
the experimental apparatus is nearly finished and
experiments should begin immediately the reactor restarts.

Extensive analytical calculations have led to a detailed
understanding of this experiment. A Monte Carlo program
package has been developed in order to describe neutron
trajectories for any geometry which allows the quantitative
description of phenomena that cannot be treated
satisfactorily by analytical methods.

It has been shown that with this new apparatus it should
be possible to obtain a total error for the neutron lifetime of
about ±0.8 s, or it may be only +0.6 s - if the loss coefficient
can be proven to be sufficiently temperature independent.

New neutron EDM apparatus:

After an interruption of 8 months, on-site development is
now continuing. Concerning the built-in magnetometer
using '94Hg atoms, the f-number of the ultraviolet light
optical systems has been improved and the Hg nuclear spin
relaxation time in the polarizing vessel has been increased to
more than 100 s by applying a dotriacontane wax surface
coating. Following these changes, the aim of having an RMS
noise of les;: than 2 nanogauss for the 3 minute machine
cycle magnetic field strength measurements has now been
achieved. The next task is to examine the behaviour
of the magnetometer in strong electric fields.

The control of the EDM measuring instrument is being
reorganized so that it employs two PCs running under
LABVIEW.
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Very cold neutron beams at ILL
(Responsible: P. Ageron)

In recent years several different VCN beams have been
used for fundamental physics experiments with the
following guides on the cold neutron source (except for the
former SN5).

width height radius cut off À examples of use
Icm] [cm] [m] [Â]

SN5

H17

H18

TGV
extraction

7

3

3

7
3,4

7

5

20

7
3x2,4

9.8

150

25

13
3.5

69

12

28

60
68

reflectometry

UCN production
in He,, (A=9 A)

neutron electric
charge (A. = 20 A)

interferometer
(?L=100A)

Figure 5 shows the measured VCN spectra for the
following guides:

SN5 max (on the garland side)

SN5 mean (over the whole section) [ 1 ]

HIS mean [2]

Entrance to the turbine, level D, on the garland side max
at x = 0.2 cm mean at x = 3.7 cm [3]

From these measurements one sees that

• SN5, which is a thermal source, has brightness
50-100 times lower than the other guides which come from
the cold source;

• the vertical guide (TGV to level D) which penetrates
inside the cold source is clearly superior for the longest
wavelengths (>50-100 Л);

• the H18 guide and, a fortiori, the other cold guides
(HI7, H14 or H 53) are superior for the shorter wavelengths
(> 10-20 A).
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for the

VCN-UCN spectra at ILL

H I S
-a- D VCN max
-o- D VCN mean

SN 5 mean
D ucn
SN 5 max

100
wavelength A

1000

FiK. 5: VCN-UCN spectra at ILL. Shown are the measured UCN
spectra for the following guides: SN5 max (on the garland side).
SN5 mean (over the whole section). H18 mean, entrance
to the turbine, level D. on the garland side max at
x — 0.2 cm, mean at x = 3.7 cm.

To take VCN from these different cold guides in the
future, side deviators would be necessary, because end
positions are no longer available for VCN extraction.
Options for consideration are:

• deviation, and monochromation with ДАД = 10%

by artificial crystals, i.e., a multilayer film with bilayer

thickness d > 2 x 30 A or mica with d = 10 A. The deviation

oc = 20 Bragg and the selected wavelength A. are related

by К = 2d sin (a/2).

Their reflectivities at long wavelengths are still to be
investigated;

• deviation with a cut off X» = Vl-7-10"3(for Ni)

by multislit benders (with slit width w and length I).

The characteristic angle is given by:

They could be made like those of the feed guide in the
magnetic storage ring NESTOR [5] with many thin glass
sheets of thickness = 0.2 mm and length 300 mm bent to a
radius as small as 200 mm, separating channels of width = 3 mm
so that 1/w = 100. Monte Carlo simulations for the case
A, = 60 A and deviation a = 30° have shown, for an incident
solid angle of 10"2 steradian, an overall transmission of 60%
for natural Nickel coating (R = 98%) and 90% for
a supermirror coating (R = 95% in the SM region) where
R is the reflectivity.

Larger 1/w (about 1000) may be obtained if the neutrons

propagate inside silicon wafers coated with nickel

or supermirror, with a length of 100 mm and a thickness

of lOOjJm; the reflectivity of 99% at the interface has been

measured, but the inelastic scattering on silicon becomes

too severe for long wavelengths (k > 20 A) [4].

One can summarize the possible wavelengths in A

selected by these different systems as a function of two

choices for the deviation:

bender:

cut-off wavelength

crystal:
selected wavelength

deviation multislit multiwafer multilayer mica

1/w =100 1/w =1000 d = 60A d = ! O A

90°

30°

100

60

33

20

85

30

14

5

In conclusion, new Very Cold Neutron beams can be

obtained:

• for long wavelengths (A > 50 -100 A)

with multislit deviators or multilayer monochromator,

on the vertical guide at level D

• for shorter wavelengths ( 10 < К < 50 À )

with multiwafer deviators or mica crystals on the present

or modified horizontal cold guides H17, H18, H14 or H 53.

Hans G. Borner
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Diffraction (DIFF) Group

Dl A: High resolution powder diffractometer
(1/2 CRG) (J. Rodriguez-Carvajal, A.W. Hewat, P. Cross)

D2B: Very high resolution powder diffractometer
on thermal beam H11
(T, Vogt, A.W. Hewat. P. Cross)

DIB: Two-axis diffractometer with multidetector on
(CRG) thermal guide H22 (C. Ritter. B. Ouladdiaf,

K. Ben Saïdane)

D3B: Two-axis polarized neutron diffractometer
with lifting counter on hot beam H4 (F. Tasset)

CRYOPAD: Cryogenic Polarization Analysis Device
for Spherical Neutron Polarimetry on IN20
(F. Tasset. S. Pujol)

D4B: Disordered materials diffractometer sharing
the hot beam H8 with IN IB
(P. Chieux, P. Palleau)

D9: Four-circle diffractometer on the hot beam H3
(M.S. Lehmann, C. Ritter, J. Archer)

D10: Four-circle triple-axis spectrometer on thermal
guide H24 (G.J. Mclntyre, B. Ouladdiaf)

D15: Two-axis diffractometer with lifting counter
(CRG) on the inclined thermal beam (CRG) IH4

(P.J. Brown, M. Reehuis, G. Schmid)

D19: Multidetector diffractometer for protein
crystallography on the thermal beam H11
(S.A. Mason, J. Archer)

D20: High-flux multidetector on the thermal beam H11
(J. Pannstier, P. Convert, J. Torregrossa)

The new diffraction group is little changed from the old
diffraction group, except that with the reduced ILL budget,
instruments DIB, 'ADIA and D15 will be taken out of
service and hopefully operated by Collaborating Research
Groups (CRGs). These CRGs will be integrated so far as
possible into the normal activities of the group, and CRG
scientists will be given offices next to ILL scientists.
However, DIB will continue to be be used for scheduled
experiments until D20 is operational with its new detector.
DIA, which is presently operational at Saclay, will return to
ILL in July 1994, and D15 will be re-installed in the reactor
before being handed over to a CRG.

Apart from the new D20 detector, other major
improvements will include the new 2D position sensitive
detector for D19 and the use of the former D19 detector on
D10. New focussing monochromators will be available for
DIA and D2B, the latter using the new bent wafer
technique. D20 will also have a new pyrolytic graphite

focussing monochromator to provide very high intensity for
real-time experiments. Good progress has also been made
with cryopad-11 which will replace the original cryopad on
D3, and with development of the -̂ He polarisation filter (for
details, see the chapter "Projects").

Shortly after the re-organisation in July 1993, the
diffraction group moved from its somewhat isolated position
in the computer building to the first floor of the main
building. Space was also found on the first floor for the new
scientific computing group of Jane Brown, with whom we
expect to work closely. For the first time all diffraction
group scientists were brought together in the same building,
while instrument technicians were brought together in
ILL20.

The first priority of the new diffraction group is of
course the re-installation of the instruments; DIB and D10
in the guide hall (as well as DIA at Saclay) are already
effectively operational. The instruments in the reactor hall
will be replaced as soon as we have access to that area, with
the major task being the re-installation of D19, D2B and
D20 on the HI I beam tube. The re-installation of D3. D9
and D4 should be somewhat easier, except that in the case of
D4, the only instrument responsible, Pierre Chieux is leaving
under the early retirement plan. The absence of other staff on
detachment means that there will be only one experienced
scientist per instrument available for the re-installation of all
of the diffractometers in the reactor.

A second priority has been the modernisation of the
computer resources available to the group. All PDP-11
control computers are being replaced by (second hand)
micro-vaxes to simplify maintenance. Under the Unix plan,
three Silicon Graphics Indigo machines have already been
purchased (one second hand), and by the time the reactoi re-
starts we will have similar Unix machines available to all of
the diffractometers for data analysis. Instrument control will
however, remain with the micro-vaxes for the present, with
all computers communicating through ethernet, which will
also eventually be the link to instrument electronics and
make it easier to change instrument control computers.

The choice of Unix computers was determined by ease of
operation - the Indigo has a graphic user interface similar to
Windows-NT and Macintosh - and by the availability of
software for diffraction data analysis. In particular we have
purchased the CERIUS modelling package from the
Cambridge (UK) company Molecular Simulations, and also
make extensive use of the 3D data visualisation package Iris
Explorer, for which there are local centres of excellence in
Edinburgh and Oxford (NAG). Each of our Unix
workstations operates at about 10 times the speed of the
former central computer, which means that real-time data
collection can now also be analysed in real-time, allowing
the scientist to intervene more effectively in the experiment,
rather than simply to collect data blindly.
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As an example of the use of CERIUS, Fig. 1 on page 141
shows the structure of a small molecule inside a zeolite cage,
together with the neutron powder diffraction pattern
calculated for this structure. The molecule can be moved
around within the structure and the diffraction pattern
updated almost instantly to reflect the new geometry.
Alternatively, the likely positions for the molecule can be
calculated using the energy minimization module of
CERIUS. and this can serve as a starting point for the
Rietveld refinement module. The fast 3D graphics of the
Indigo make it very easy to examine complicated structures
and data.

Another example is shown in Fig. 2 on page 141. This is
data from a 'real-time' experiment on DIB. where a
diffraction pattern has been collected every minute as the
sample undergoes a phase transition on cooling. Iris
Explorer has been used to plot the diffraction surface in 3D.
and this surface can be spun around with the mouse pointer
to find the most interesting features. Other examples of
the visualisation of 3D electron and magnetic spin densities,
position-sensitive detector data etc are given in the
College 5 report.

D1A High Resolution Powder Diffractometer
on Thermal Guide H23

D1A was moved to Saclay as a complete working
instrument soon after the start of the ILL reactor long
shutdown, and will remain there until July 1994. shortly
before the restart of the ILL reactor. At the same time, the
DIA control computer was updated to a micro-vax running
the MAD diffraction data collection software. At Saclay,
D1A was installed on a cold neutron guide, the only suitable
position available, and has been working near the guide cut-
off of 2 A. The intensity on the medium (lux reactor is of
course several factors lower than it was at ILL, but is still
sufficient for many experiments, especially those on
magnetic structures. In fact, a great many different visitors
made use of D1A at Saclay under the guidance of Juan
Rodriguez-Carjaval, a scientist detached from ILL, with the
expert assistance of Peter Cross, an ILL technician. When
D1A returns to ILL, a new 25-delector/collimator bank will
be installed, and the machine will be half supported as a
scheduled instrument and half operate as a CRG.

DIB High Efficiency PSD Powder Diffractometer
on Thermal Guide H23

To bring DIB in line with most other ILL instrumenls as
regards instrument control and data acquisition, the PDP11
computer was replaced by a MicroVax II computer running
under VMS, and a direct ethernet connection has been
installed. The ILL standard control program MAD has also
been implemented.

Due to its great success in investigating magnetic
structures, phase transitions, kinetic in situ reactions and
texture studies, we think that the future of DIB will be

assured as a CRG instrument with the same field of interest.
However, DIB will operate as an ILL instrument until D20
is fully scheduled with its new PSD detector.

D2B High Resolution Powder Diffractor
on Thermal Beam HI 1

The highest priority for D2B improvement is the
construction of a new Ge monochromator that will improve
the line shape in the high resolution geometry. The present
monochromator is a composite of 30x10 mm slices
of squashed germanium, focussing a 300 mm high beam
onto a 30 mm high sample. This gives high intensity
(K)7 n.cm"2.sec"') at good resolution (1.5xH)~-\ but in the
high resolution mode (design limit 5x10"*) the peak shape is
too broad and not sufficiently uniform. These defects are due
to variations in both the mosaic spread of the squashed
germanium and in the alignment of the individual slices.
A new technique, developed at Brookhaven by Larry Passel
and others with the help of Tom Vogt from ILL. uses stacks
of thin wafers whose mosaic has been increased by bending
rather than squashing.

The ILL is using a similar technique to produce the new
D2B monochromator. However, instead of using
commercial wafers, as produced for the electronic industry,
the ILL is cutting the wafers from a large perfect crystal.
The advantage is that our wafers will all be perfectly aligned
with respect to each other, so that the stack of wafers will
permit reflections from any |hhl] plane giving us the usual
choice of wavelengths from the same monochromator. If the
wafers are misaligned around their normal, then only the
reflection corresponding to this normal can be used, with no
choice of wavelength.

D3B Two-axis Polarised Neutron Diffractometer

As was mentioned briefly in the 1992 annual report,
R. Papoular of the Laboratoire Leon Brillouin has made
important progress dealing with Fourier inversion of 2-D
single-crystal data of limited statistical accuracy and
resolution. This has applications to high-Tc magneti/ation
densities. In general, data collected on D3 with the normal
beam geometry compatible with large cryomagnets is
severely resolution limited in the vertical direction.

Recent developments of the Fourier inversion technique
with the CEN-Grenoble Neutron Diffraction Group means
that it is now possible to calculate the most probable
2-dimensional and 3-dimensional magnetization densities
from such an hybrid set of data see Fig. 3 on page 141.
This should offer our users a new systematic way of looking
at D3 data. This calculation is intensive because it proceeds
by iteration, but we have shown thai wilh (he new generation
of RISC processors it takes only 30 minutes on the best
table-top machine. E. Res.souchc, a long term visitor from
the CENG helping with the rebuilding of D3B. is working
on this technique with the aim of having it operational at
reactor restart.
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D20

Cryopad-II

Ordered in August 1992, the new cryostat tor
CRYOPAD was delivered in February 1993. Designed by
Serge Pujol it has a liquid helium autonomy of one week and
its most spectacular feature is the 19 cm diameter room
temperature RT-bore. large enough to host most sample
environments. The two niobium Meissner shields were
ordered and delivered in July to be mounted and tested
satisfactorily at low temperature in September. Using a
sensitive Gaussmeter in the RT-bore we could verify for the
first time the shielding efficiency of these opened cylinders
against an axial magnetic field. We are happy to say that it
matches the design calculations made in 1992 by Luc and
Michel Thomas.

Further calculations were made this summer using
ANSYS in order to establish the design for the precession
coils which are to be installed in the annular space between
the two shields. This original calculation of a magnetic coil
confined in a Meissner shield environment, which imposes
special limiting conditions for magnetic induction lines, has
been the subject of a stage "Mailrise Sciences el
Techniques" for Ivan Neyret. In the compromise made, the
simplicity of the device and ease of use was given high
priority, to little detriment of performance. The resulting
superconducting coil was ordered in October and will be
delivered in February 1994.

The Mu-metal shield needed to cancel the earth's field
during cooling is being manufactured. In the mean lime we
are studying a new design for the magnetic guide-fields
outside the cryostat (the so-called nutators) since they have
to provide good magnetic confinement, a requirement due lo
their proximity with the vertical opening in the zero-field
sample chamber.

We hope to have CRYOPAD-II ready for neutron tests
and calibration by summer 1994 when the IN20 host
spectrometer is back in operation.

D4 Disordered Materials and Liquids Diffractometer
on hot beam MS

After the completion of the new position sensitive
detectors on D19 and D20, the next priority is for a large
angle PSD on D4. The choice of construction technique will
depend on the results with D20, but already plans have been
made for a modular PSD consisting of eight individual PSD
elements. These future developemcnls will have to await the
new instrument responsible, since unfortunately Pierre
Chieux, the father of liquids diffraction at ILL, is leaving
under the early retirement plan. Because D4 time-shares a
beam with INI, and counts as only half an instrument, we
can appoint only one scientist in this area. The change over
of instrument responsible will therefore be difficult.

D9 Four-circle diffractometer on the hot beam H3

The instrument is scheduled to be ready for the start of
the reactor, and the assembly is planned for late spring.
During the complete reactor shut-down the instrument
technician J. Archer, was employed at the Hahn-Meitner
Institute, Berlin, and at his return late in the year the first
preparations began. The instrument itself is at present
located in the guide hall, while the monochromalor housing
and the electronic cabinets were kept near their original
locations. A few parts of the equipment have been on loan,
particularly the micro-Vax controlling the instrument and
vacuum-shield furnace, but they will all be relumed before
March 1994. The only outstanding part of the preparalion is
then a recabling of the monochromalor, which is now
underway.

At the startup D9 will therefore be equipped with
lemperature control units going from 15 К to about 1100 K.
Il will also, as before, have a small 32 by 32 pixel posilion
sensitive detector. The monochromalor for the start-up phase
will be the tradilional Cu(220) in transmission, but it is
planned as quickly as possible to continue the short-
w a v e l e n g t h tes t s of a hori/ .ontal ly curved Be
monochromator that were under way precisely at the time of
the reactor shut-down.

D10 Four Circle 3-Axis DifTractometer
on thermal guide H24

The main advantages of D10 for diffraction and
speclroscopic studies are its excellenl q resolution due to its
location on a neutron guide and Ihe small mosaic spread of
the monochromator, its very low intrinsic background,
full 3-D access in reciprocal space, temperatures from 1.6K
to 900K, optional energy analysis, either lo reduce Ihe
inelastic background or to study inelastic features (still with
full 3-D access), the easy change of instrument configuration
during an experiment, and strong sample table to support
heavy furnaces and cryostats.

The typical applications are to studies of 'conventional'
crystal and magnetic structures, of phase transitions, of
incommensurate structures, of quasi-elastic scattering
(Huang and critical scattering), of diffuse scattering, of
novel materials such as quasi-cryslals and multilayers, and
of inp'astic scattering.

During the reactor shutdown the new more-robusi
co-rotation turntable has been installed. This turntable can
support either the new offset open ^-circle, or ihe new fully
automated tilt stage for heavy furnaces, pressure cryostats
and cryomagnets. The co-axis has direct encoding wilh an
absolute error of less than 0.004°, small enough to take full
advantage of the excellent resolution of DID. The crystal-
orienting drives are now all equipped with five-phase
stepper motors which are virtually resonance free and allow
much faster and more accurate positioning. The automation
of the double-tilt singe means that, if the furnace or cryostat
permits it, several layers of reflections can be accessed under
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computer control. The offset ^-circle can accommodate the
new DIG four-circle dilution cryostat built by S. Pujol.
Under O.IK has been obtained routinely independently
of the setting for %. A very clear advantage afforded by this
cryostat is that it can be used in the same manner as
the previous 4He cryostat at temperatures above 1.6 K.
We eagerly look forward to using it in anger in 1994!

D10 is thus in very good shape to shoulder the load of
the single-crystal diffraction experiments immediately after
the start-up especially before D9 and D19 come back
on-line. It is therefore not planned to make further changes
to D10 until then. Eventually though, the present D19
position-sensitive detector will be installed on DIG to
improve efficiency of structural data collection and
measurement of diffuse scattering.

D15 Two Axis Diffractometer with Lifting Counter
on inclined thermal beam IH4

DI5 will become a CRG instrument from the restart of
the reactor, but ILL will first re-assemble it and the platform
on which it sits. DI5 has been a unique instrument for the
study of crystals at very low temperature; it is the only
machine which can accommodate very large cryostats and
magnets and still collect 3D data using its lifting detector.
It is ironic that at the same time as D15 is being taken out
of service, new instruments largely inspired by D15 are
being constructed at other reactor centres such as Saclay.
However, since several groups from all 3 associate nations
showed strong interest in continuing to use D15, it is hoped
that it will not be too difficult to support it as a CRG
instrument.

D19 High flux multidetector diffractometer
on the thermal beam Hll

DI9 is a four-circle single crystal diffractometer which at
startup will incorporate a larger (64°x20°) position-sensitive
detector (PSD). D19 works best in the wavelength range
1.2 to 2.4 A and is most efficient for larger unit cells
(>IO À on edge), but even for single reflections will give
improved intensity integration because of the detector's
spatial resolution of 0.2°x0.2°.

As in the past. D19 will share the Hll beam with the
powder diffractometers D2B and the upgraded D20, making
the HI 1 beam without doubt the most productive at the ILL.
D19 has the following features: high resolution due to a
maximum monochromator take-off angle of 90°; a choice of
up to four monochromators by rotation about a vertical axis
of an ILL turret monochromator mount (being re-built so
that it no longer interferes with D20's beam); vertical
focussing of the beam for graphite and Ge monochromators;
a C-shaped Huber Eulerian cradle on which a 2-stage I5K
Displex cryorefrigerator is routinely mounted. A Munich
mirror furnace has also been used by T. Vogt and Z. Mursic
up to 2500K.

The old vertically-mounted high pressure (8 atm He)
multiwire "banana" detector is set symmetrically about the
equatorial plane, with the sample at the centre of vertical
curvature. The detector rotates on a y-arm (7=26 in the
equatorial plane), on air cushions. The combination of an
Eulerian cradle and a large position-sensitive detector allows
data collection with a choice of geometries. Most
experiments have been performed with normal beam
geometry, and peak integration is usually by a learned
volume minimum variance method. The availability of a
wider PSD (20° rather than 4°) will further increase the
range of single crystal diffraction experiments possible with
thermal neutrons. Typical in the past were studies on phase
transitions in multi-domain samples, human haemoglobin,
organic molecules on the lysozyme surface, helium single
crystals, acetylene polymers, liquid crystals. Vitamin В12,
and a number of cyclodextrin complexes. In order to
mount the detector on D19, substantial modifications are
being made to the detector support, and new shielding is
being built. This is necessary because the radius of vertical
curvature of the new detector is 60 cm, compared with
115 cm before. For most experiments - all except those with
very small unit cells, which would more logically be run on
D9, D10 or D15 - the new PSD will give a real gain
in efficiency of up to a factor of six. For the experiments
for which D19 is primarily designed i.e. diffraction from
single crystals (or fibres) with larger unit cells, the large
gain in solid angle will lead to more extensive data sets
in shorter times.

Electronics and software modifications to read the extra
pixels (320 * 100, compared with 512 * 16 before) will be
made for the 1994 start-up without change of philosophy.
At present D19 is controlled by a dedicated Microvax.
The diffraction data are displayed and analysed on a
Vaxstation 3100 close to the instrument. Programs such as
G.J. Mclntyre's MULPLT for 3-d displays of raw data, and
fairly complete program systems, such as that implemented
at D19 for fibre diffraction by the University of Keele group,
run comfortably on the Vax-station. The change from these
computers (under VMS) to a Unix work-station will be
made after the reactor restart with the benefit of experience
from other diffraction group instruments. This will allow us
to commission the new detector - and compare it with the
old one - and gain extensive experience vith it before
changing computers.

D20 High flux multidetector on the thermal beam Hl l

(see the contributions of the Projects and Techniques
Division to this Annual Report, partly under Construction
of New Instruments, and partly under Multidetector Group)

The delay in the construction of the 160° Position
Sensitive Detector is mainly due to the departure to the
ESRF, at the end of 1992, of our technician M. Berneron,
who had made most of the developments for the banana
construction, and had the expertise for the realisation of
some critical parts in the detector. He has been back at ILL
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since October 1993. The detector is now ready to be
mounted after some adjustments to suppress instability in the
gas amplification.

The 52 pieces of the new HOPG monochromator are
at ILL and have been tested with neutrons and X-rays.
The mechanical support for the 4x13 elements of this
focussing monochromator is currently under study and will
be available in mid-1994.

The data acquisition system is complete and operational
except for the synchronisation module. A Silicon Graphics
computer has been purchased for the control and data
analysis of D20.

The 1994 reactor cycles will be used for instrument tests
and commissioning experiments. The diffractometer is
expected to become available for external users in the first
months of 1995.

Alan Hewat
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Large Scale Structures (LSS)
Group

Dl I Small-Angle Scattering DitTractometer on the cold
guide H16 (P. Lindner, L. Vuillard, K. Ibel,
A. Polsak)

D16 Four-circle Diffraclometer on cold guide H15
(J. Zaccai (IBS). V. Rodrigue/,)

D17 High Resolution Small-Angle Scattering
diffractometer and Ret'lectoineter on the cold guide
H17 (H.-J. Lauter, P.Timmins)

DB21 Diffractometer for very large unit cells on cold guide
H15 (E. Pebay-Peyroula (IBS). C. Wilkinson (EMBL))

D22 New Small-Angle Scattering Diffractometer on cold
guide H512 (R. May, R. Oeser. K. Ibel. R. Gay)

Laue detector
Collaborative project with EMBL and Freie
Universitiit, Berlin (M. Lehmann),
see "Small Projects in DS

The Large Scale Structures group was created as part
of the reorganisation of the ILL on July 1st 1993.
It comprises the above listed instruments which cover a wide
range of science from physics through materials science and
chemistry to biology. The common theme is the study
of particles or density fluctuations on a scale up to hundreds
of nanometres.

We are particularly fortunate in the group in that none
of the instruments has been dismantled for access to
the reactor. We are therefore in a good position to provide
working instruments immediately the reactor restarts.
The past year has been taken up with small improvements to
the instruments and their preparation for the start-up. Three
developments are of particular note. The new small-angle
scattering instrument D22 is in the final stages of completion
and after a short commissioning period should be available
for users in the second user cycle after the reactor start-up.
During 1993 a project was initiated by J.-B. Suck for placing
DI6 and D17 on straightened versions of the guides H17 and
H18. This is primarily to increase the flux of 3 - К) Л
neutrons on DI7 and hence to facilitate its conversion into
a reflectometer. Although it has not yet proven possible
to fund this project, studies are continuing with a view
to implementing it in the future. Finally, very important
advances have been made by EMBL and ILL in the
development of detectors for use in a future Laue-
diffractometer. For details see the chapter "Projects".

As a first step in the conversion to UNIX the group
purchased a Silicon Graphics Iris Indigo R50XZ computer
accompanied by the graphics software "Explorer". A further
UNIX machine will be purchased in 1994 in preparation

for the restart of the experimental programme, ensuring that
data treatment facilities will be available for some time
under both VMS and UNIX.

We are all waiting anxiously for the reactor to restart and
to be able to use and make available to outside users our
range of new and improved instruments.

Dl 1 Small-Angle Scattering Uiffractomcter
on the cold guide H16

A major change at Dl I in 1993 has been the replacement
of the old CAMAC electronics by VME. The hardware has
been successfully installed and tested, the instrument control
program is currently being completely revised.

A further improvement is the motorisation of the 2()m
collimation guide section: all collimution sections at Dl 1 are
now operated by motors and are under computer control.
Two more Cd sheets as attenuators have been installed
directly after the .selector position. Dl 1 now has a choice
of three attenuators, with attenuation factors of = 1/300,
I/I 100 and 1/2700 respectively. The process controller
of the compressed air pistons which place the chosen
attenuator into the beam is connected to the instrument
computer via the VME system.

A common security system for the three Dll selectors
(Adèle: ДА/Л = 4(W<. Brunhilde: ДА/А. = 9% and Constan/.e:
ДА./А. = \()'/t ) has been installed. The "standard" selector
after the restart will be the new light weight 10% selector
"Conslanxe" made from composite material. All selectors
are now driven by AC motors which themselves are
powered by a common, new REFU 317. Changing the
selectors will become a rapid and smooth operation in the
future as only one cable is used: each selector is identified
by an individual plug to which the standard cable is
connected. The selector speed will be changed by a control
program which directly addresses the REFU amplifier.

The optical sample alignment system has been further
improved by installing a compact small laser together with a
halogen lamp. The light beam is reflected from a neutron
transparent silicon wafer into the path of the primary neutron
beam. It will be operated by a switch at the sample position
thus avoiding opening of the collimation section in the
chopper casemate.

Further improvements before the restart are in progress
with respect to the sample environment. In particular, a new
sample table with a motor driven lifting device and standard
rack plates for common use on the sample changers of D11,
DI7 and D22 are under construction.

1)16 Four-circle Diffractometer on cold guide His

D16 is in the first group of ILL instruments to be
scheduled when the reactor restarts next summer. It is still
one of the very few neutron diffractometers in the world that
allow very good Q-re.solulion over a wide Q-range for
studies of crystalline or partially ordered systems with large
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unit cells. By February 1994, the instrument will be in full
running order. A number of small but important
improvements have been carried out; a complete recabling
of the instrument, checking and where necessary, replacing
motors, an overhaul of the electronics and tuning of the
multidetector. Work is in progress on the monochromator
axis - a re-designed carriage mount will be aligned to
facilitate wave-length changes during experiments.

D17 High Resolution Small-Angle Scattering
Diffractometer and Reflectometer
on the cold guide H17

D17 has undergone a series of small improvements in the
past year in preparation for the reactor start. A new power
supply has been installed for the velocity selector which will
be under computer control. An improved alignment system
is under construction and new attenuators, similar to those of
D17, have been installed. The instrument will restart in the
same configuration as it was at the reactor shutdown. Thus it
will run as a small-angle spectrometer and as a reflectometer
for experiments appropriate to its long wavelength. In the
medium term, after the commissioning of D22, the
instrument will be optimised and used predominantly for
reflectometry. The first step in this direction is to make
available the shorter wavelength "garland reflections" which
are present in a narrow beam close to the wall of the guide.
This will require an improvement of the translation of the
whole instrument and the installation of a multilayer
monochromator option. In a later phase it is foreseen to
straighten the H17 and H18.guides in order to produce a
greatly increased flux of 3 - 10Â neutrons.

DB21 Diffractometer for very large unit cells
on cold guide H15

DB21 is a low resolution diffractometer used for
exper iments of biological interest . Biological
macromolecules, i.e. proteins, assemblies of proteins with
nucleic acids such as viruses or ribosomes, are objects of
typical size varying from 50 to a few hundred Angstroms.
Low resolution for these experiments means less than 10 A.
A suitable wavelength of 7.53 A is obtained with a
potassium intercalated pyrolitic graphite monochromator.
The previous monochromator was broken at the reactor
shutdown. During 1993 new monochromators were made by
P. Touzaint at the "Ecole d'electrochimie". A 2 mm thick
HOPG was purchased from Union Carbide and then sliced
in three parts. Two of them have been intercalated with
Potassium (KC8 intercalation) and then pressed to reduce
the mosaicity which increased during the intercalation
process. The first one has been tested with neutrons at Siloe
(P. Flores) and with gamma-rays at ILL (A. Escoffier),
it showed a mosaicity of 1.7°. The second was pressed at a
higher pressure and tests are currently underway at Saclay.
The third monochromator will then be intercalated and
pressed according to these results (a suitable mosaicity
would be less than 1°).

In addition to the usual type of experiments, there is a
demand for increasing the resolution to about 6 A
(determination of domains with intermediate degree of
ordering ). This would require another monochromator
selecting a wavelength of 4.5 A (standard HOPG). In order
to change the wavelengths between two experiments easily
without closing the neutron guide, an automatic
monochromator changer has been designed and built
(G. Schmidt). It will be installed as soon as the electronic
work is ready.

The critical point of the instrument is the detector: for
long counting times (typically one data set is collected in a
week or longer), it is very important to have a good stability
of the detector. This stability is becoming increasingly
difficult to maintain due to the ageing of the photo-
multipliers. For this reason a multiwire 3He detector
has been designed (J. Jacobé) having a similar resolution
(1.8 x 1.8 mm) and an overall size of 20 x 20 cm.
Preliminary tests at low He pressure have been carried out
successfully and tests at nominal pressure will be carried out
in the near future.

D22 New Small-Angle Scattering Diffractometer
on the cold guide H512

1993 was a year of small, but important, steps forward
for D22, which visibly turned into a usable instrument.

The 1 x 1 m detector with 16K pixels of 0.75 x 0.75 cm
from CERCA, delivered just before the beginning of the
year, was installed in D22's vacuum beam tube of 2.5 m
diameter and 20 m length. It was subjected to first tests
using an AmBe source which allowed us to define the axes
in the memory and showed that all of the detector electrodes
are counting. The final adjustment of the amplifier gains
requires reactor neutrons. The pressure, humidity and
temperature detectors in the rear of the detector were

Fig. J.' Schematic view of the new Small-Angle Scattering
instrument D22 showing details of the velocity selector,
sample position and detector.
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connected to a cabinet which was added to the already
existing industrial process controller dealing with the
collimation and vacuum-pump supervision.

The last mechanical items were mounted in the course
of the year 1993. This concerns the attenuator disk, equipped
with new mechanics and with 3 different attenuator plates,
the box containing antiparasitic apertures of different size as
well as the tube which connects the latter with the end of the
collimation system and which carries the laser and halogen
light serving for alignment. The attenuator plates have
88 holes each with 0.1 mm (in 0.25 mm Gd), 0.2 mm
and 0.4 mm diameter (both in 1 mm Cd), and are expected
to reduce the neutron flux about 5000, 1200 and 300 times,
respectively. The sample table equipped with an electric
piston, an ХУФ-1аЫе and the sample changer were installed
in front of the detector entrance cone. Two prototype sample
racks are under test.

The Dernier velocity selector, turning at a maximal
speed of 28,300 rpm for neutrons of 4.5 A at a resolution
(ДАМ.) of 10 % (FWHM), was installed on a translation and
rotation table in its "casemate", where it was tested once
more successfully, together with its independent vacuum
pumps. Devices for monitoring its vacuum, vibrations and
temperature were also connected to the industrial process
control system.

All encoded movements were cabled to the VME data
acquisition and shaft-control electronics by the ILL
electronics group. With the exception of the four-pane
entrance aperture, all of these movements can be controlled
by the instrument computer, a Vaxstation 3200. which is
interfaced with the process controller and with a PC
compatible running the graphical supervision program
InTouch (under Windows). The instrument control program
SAS (compatible with that of Dl I and DI7) was further
adapted to the needs of D22 by K. Wotschack before he left
the ILL for early retirement in summer. First dummy
experiments moving the detector in the tube and counting
neutrons from the AmBe source were carried out and
showed where small modifications to the control program
are necessary. The instrument will be fully operational
for the second scheduled user cycle after the start-up.

Chemistry and Biochemistry Laboratories

Since the reorganisation of the ILL the chemistry
and biochemistry laboratories are under the responsibility
of the Large Scale Structures Group.

Chemistry Laboratory
(P. Lindner, P. Chenavas, M. Romero)

The ILL maintains a main chemistry laboratory on
the second floor of ILL20 as well as a smaller laboratory
in the neutron guide hall next to the small angle scattering
instrument Dl 1. Whilst the facilities are foreseen mainly for
visitors' sample preparation they are also used by in-house
scientists. As well as an extensive range of chemicals and
solvents, equipment sucn as glove boxes, furnaces, an I.R.
spectrometer and a density meter are available. Full details
of facilities may be obtained from the engineer-in-charge.
Mile P. Chenavas.

In 1993 the laboratory was also used by ESRF staff and
discussions are taking place with a view to the ILL
participating in the rather more extensive facilities being
built up in the ESRF main building.

Biochemistry Laboratory
(L. Vuillard, P. Chenavas, P. Romero)

The ILL also maintains a small biochemistry laboratory
on the second floor of ILL20. for visitors to carry out last
minute sample preparation. It is also used by in-house
scientists to support their own research. Standard equipment
includes a UV spectrometer, a fluorimeter, gel filtration
apparatus and chromatography equipment. More
sophisticated equipment, such as analytical centrifuges,
is available to ILL users in the EMBL laboratories. In 1993
the EMBL has been making plans to extend the ILL20
building to provide more laboratories which will be
available to ILL and to ESRF biological users.
The extension is expected to be completed in late 1994
or early 1995.

Peter Timmins
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Three-Axis Spectrometers
(TA$) Group

INI. INFB 3-axis and Be-filier spectrometer
on the hot source beam lubt H8
(B. Dorner and P. Palleau)

INS 3-axis spectrometer on the thermal beam lube
H10 (J. Bossy and D. Puschner)

IN 14 3-axis spectrometer on the cold guide H53
on the hori/ontal cold source
(R. Currat. S. Bramwell and A. Brochier)

IN2(! 3-axis spectrometer lor neutron polarization
analvsis and spin-echo option on the thermal
bea .1 tube H13 (J. Kulda. T. Baumbach
andC.M.E. Zeyen)

The above instruments are all located in the reactor hall.
Three out of four have been dismantled, between October
1991 and February 1992. in connection with the work on the
reactor beam lubes. Most of the instrument parts were stored
either in the reactor hall itself or in the new guide hall.
The dismantling of the IN 14 spectrometer, also located
in the reactor hall but looking at the horizontal cold source.
was under discussion for some time but eventually was
avoided. The instrument, including its heavy primary
shielding, was not affected by the work on the upstream
guide and on the leactor structures. It will thus be ready
for neutron tests at reactor start -up.

According to current plans, the reassembly of INI and
INS is to take place in early spring, after the corresponding
beam tubes have been remounted. Additional delays are
foreseen in the case of IN20, following the decision to use
the H13 beam tube as a reactor vessel vibration test site,
during the second half of June.

A limited programme of instrument development and
upgrading was pursued during the shutdown. The main
items in the programme are listed below.

The upgrading of the control electronics on INI and IN8
was budgeted in 1992 and 1993. All parts have now been
delivered but the completion dale of the project has recently
become uncertain due to technical manpower reductions
compounded with the unexpected departure of R. Taffut,
the electronics technician in charge of the project. Work will
continue throughout the first half of 1994.

A modification of the IN 14 monochromatic beam
geometry, aimed at reducing the inonochromutor-to-samplc
distance, is proceeding satisfactorily. The secondary beam
shutter and the Soller collimator (or polarising bender)
support arc now integrated into the primary protection.
Mechanical assembly and electronic adjustments are planned
for Jan/Fen. 1994.

The 3-axis spectrometer control program, the so-called
TAS program, is being entirely rewritten on the basis of the
MAD routines, a well-supported ILL standard system.
The program includes a CAMAC electronic library to be
used on ?N 14, IN20, IN3 and IN 12 as well as a VME library
for IN 1 and INS. The user interface and data file format will
remain essentially unchanged. The first version of the new
TASMAD program was produced by Ph. Blanchard
in Dec. 1993 and is currently under test on the IN 12 jiVax
compute r . The depa r tu re wi thout r ep l acemen t
of Ph. Blanchard at the end of 1993 introduces uncertainties
and delays for the final completion date of this project.

Another long-overdue project is the replacement of the
PDP11 instrument computers by more modern, network-
compatible machines. The choice was made to install
DEC-Alpha stations 3()()0-3()OL on INI, INS and IN 14.
A more powerful version is foreseen for IN20, where
additional computing capacity is required in the spin-echo
mode of operation for on-line magnetic-field profile
optimization. The new machines are expected to open new
possibilities for on-line data evaluation and interactive
optimi/alion of the measurement parameters.

In addition to the four instruments in the reactor hall, two
other three-axis spectrometers are located in the guide hall:
IN3. on thermal guide H24 and IN 12 on cold guide H142.
Both are now included in the list of instruments proposed for
CRG use. In preparation for the reactor start-up, a substantial
amount of mechanical and electronic maintenance work was
carried out on each of the two guide hall instruments. As a
result. IN 12 is now fully operational while additional
electronic maintenance work is still re'. ...'ed on IN3. With
regard to radiological safety, both instruments have been
re-equipped in order to meet the new ILL safety standards.

Problems have developed v/ilh the group's 6T
cryomagnet during operation at LLB-Saclay. Systematic
quenching is observed m the 4-6T range when the magnet is
first cooled after a room temperature warm-up ("training").
The magnet is presently under test at ILL in order to identify
the origin of the problem. A decision to send the magnet
for repair, or to use it as it is, will follow shortly.

A number of projects or possible improvements have not
been addressed due to manpower and budgetary constraints.
One such project is the rebuild of the IN8 primary
spectrometer, the design of which was dictated by existing
space limitations at the time of construction. With the
implementation of the HI I project in 1984, these limitations
have been relaxed, and a simpler and more efficient
spectrometer geometry will now be possible. A detailed
design study has been included in the 1995 group budget
requests.

Another important project is the redesign of the IN20
polarising Heusler monochromator, in order to extend the
useful incident energy range of the instrument to higher
energies. A preliminary study underlined the difficulties
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associated with the very limited space available in the
monochromator housing. Obviously, the project becomes
much more costly if the primary protection has to be
redesigned. On the other hand, the recent progress achieved
with the 3He polarising filter technique (see chapter
"Projects"), indicates that this latter technique may become
competitive in the not-so-distant future. When this occurs,
the Heusler crystal may be replaced by a non-polarising
crystal with good second-order discrimination and
comparable lattice spacing , such as Ge( 111 ) or Si( 111 ).

Another area where important developments can be
expected concerns the use of elastically bent perfect crystals
(as opposed to plastically deformed mosaic crystals) as
monochromator or analyser. J. Kulda has been active in this
field for many years, in collaboration with groups at PTB
Braunschweig, NPI Rez (Prague) and more recently
at JAERI (Japan). His report on recent tests on a series
of elastically bent silicon crystals is included below.

Elastically deformed perfect crystals and crystals with
a lattice spacing gradient are generally recognized as
suitable candidates for focussing monochromator or analyzer
applications, thanks to the fact that the beam propagation in
this case is deterministic (the beam trajectories can be
calculated for known strain fields). Up to now the
experimental as well as theoretical investigations in this
direction have concentrated mostly on silicon which
is available in perfect crystal quality for any required size
and orientation and exhibits, thanks to its covalent bonding,
an excellent long term mechanical stability under applied
loads. Its main disadvantage is the rather low scattering
length density, which can, however, be compensated for
by increasing the diffracting volume, thanks to the low
beam attenuation.

A series of test experiments has been performed at
different neutron facilities (PTB Braunschweig, JAERI, NPI
Rez near Prague) to assess the performance of elastically
bent perfect Si monochromator crystals in comparison to the
mosaic ones (PG, Cu, Ge) [I]. In most cases both direct
neutron beam flux delivered at sample position and powder
diffraction spectra with a suitable standard (АЦОз, Si) were
recorded. Horizontal focussing was suppressed with Si
crystals by rather tight collimation (20'), quite large bending
radii (-15 m) and beam cross-sections of about 20x20 mm2

at the sample position, in order to maintain equal conditions
for both types of crystals. Typical results of a comparison
between Si(331) and Cu(220) - both having dhk|=l.25A -
and between Si(422), Si(511) and Ge(5l 1) - dhk|=1.05A -
are displayed in Fig. I (a) and (b), respectively.

In general the presently available Si crystals provide
fluxes a factor 2-3 lower than good Cu and PG
monochromators (for reflections with similar d^t).
As expected this disadvantage diminishes rapidly whenever

4000

,3000

-§2000

x
=)

"~1000

Cu 220
Si 331 2x5mm
Si 331 1x5mm

0.8 0.9 1.0 1.1

MA]
1.2 1.3

2500

2000
Ж

§ 1500

о
^1000

500-

-Si 422 2x5mm
-Si 511 IxSmm
-Ge511 ILL
-Ge511 BNL

0
0.75 0.80 0.85 0.90 0.95 1.00 1.05

MA]

Fig. I : Directly measured output fluxes (scaled by cot6 to account
for differences in wavelength resolution) of mosaic Си. Ge
and i>f elastically bent Si (5mm single plate and 2x5 mm sandwich}
monochnnnator crystals with d/,f-/=l.25A (a) and with d/,y~l.05A (b).

focussing into a small volume in real and/or reciprocal space
is required. Silicon also becomes a competitive candidate
whenever Я/2 suppression is important: its performance is
about equivalent to that of plastically deformed Ge crystals
of the same thickness, while the excellent homogeneity
and reproducibility of the elastic deformation and low cost
of silicon single crystals should be an advantage. These tests
are to be continued at ILL after the reactor restart.

Roland Currat
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Time-of-Flight and High
Resolution (TOF/HR) Group

IN4C New TOP spectrometer w:th a BriJlouin option
on the thermal tube H12 (project) (H. Mutka)

IN5 Multichopper TOP spectrometer on the cold guide
H16 (G. Kearley, S. .enkins)

IN6 Focussing TOP spectrometer on the cold guide
HIS (A. J. Dianoux, S. Jenkins)

IN 10 Backscattering spectrometer on the cold guide
H15(J. Cook, P.Joubert)

IN 11 Spin-Echo spectrometer on the cold guide H i 41
(B. Farago, E. Thaveron)

IN 15 High resolution spin-echo spectrometer
for long wavelengths on the told guide H511
(project) (C. Lartigue (CNRS-Grenoble))

IN 16 New backscattering spectrometer on the cold
guide H53 (project) (B. Frick)

D7 Diffuse scattering instrument with polarization
analysis on cold guide H15
(O. Scharpf, I. Anderson, A. Murani, R. Rebesco)
Group Engineer: J.F. Barthélémy

Several members of the Group have spent a sizeable part
of their time at other laboratories: I. Anderson spent
two months at PSI at the beginning of the year. Since the
reorganization, his position is now in the Projects and
Techniques Division, but he is still co-responsible of D7.
B. Frick came back from NIST in August and B. Farago has
been half the time seconded to LLB. J. Cook left on March
1st for NIST where he will spend a year.

The TOF/HR group has acquired a Silicon Graphics IRIS
Indigo R4000 workstation as part of the UNIX plan. This
workstation is under the supervision of G. Kearley.
An extended-graphics option is included to enable rapid
manipulation of 3D images. Some of the group's software
has already been "unixed" and work is in hand to provide
more powerful visualization facilities for users. In the first
stage this workstation will form the main-stay of the group
computing activities but will eventually be supplemented
by other workstations providing similar service at the
instruments.

Dr. D.S. Sivia from ISIS spent two weeks at the ILL to
implement his programs for Bayesian analysis of inelastic
and quasielastic TOP data. The necessary modifications
were made to allow their operation under UNIX.

One instrument of the Group is being offered as a
CRG-A operation: IN 13, the backscattering spectrometer on
the thermal guide H24.

IN4C New TOP spectrometer with Brillouin option
on the thermal tube H12

Preparation of the site for receiving the new spectrometer
has started, and premstallation of the shielding elements is
foreseen in January 1994. The definitive installation of the
primary casemate will await the end of the reactor
remounting. The Fermi-chopper and the two background
choppers are to be delivered in the first half of 1994.
The assembly of the double curvature monochromator with
four faces is in progress in Italy (Istituto di Struttura della
Materia, CNR, coordinator Prof. F. Sacchetti, Perugia).
A central forward scattering detector will be constructed
by the Italian partner according to a design by the ILL
detector group.

Detector tubes for higher angles have been purchased
by the Italian partner who is also in charge of the detector
electronics. The control and acquisition electronics have
been conceived by the ILL electronics group and the major
part has been ordered.

Since the reorganization of the Institute the project has
been attached to the new Projects and Techniques Division
(see there for more information).

INS Multichopper TOP spectrometer
on the cold guide H16

The chopper-suspension system has been damaged by
a number of incidents since its installation 7 years ago.
This system is a prototype. Results of running/repairs
are generally unpredictable. So we have taken the opportunity
of the long shutdown to address some of these problems.

The axles for the magnetic suspension were installed
over the top of the original axles causing a rather flexible
axis and serious assembly/disassembly problems. We have
developed new stiffer axles which if successful will be fitted
to other choppers as failure occurs. We have also improved
assembly techniques within the bearing components since
several failures were associated with parts becoming
detached during normal operation.

The performance of the adsorbing Gd2O3/epoxy coating
around the periphery of the IN5 chopper disks has been
remarkable, since at other institutes smaller disks rotating at
considerably lower speeds have experienced several failures
of this coating. This is all the more remarkable since there
was an error in the original calculations made more than
25 years ago and recent finite-element calculations show that
the coating should fail at the actual operating chopper speed
of 20,000 rpm. The greatest stress is on the inner edge of
the Gd2O-;/epoxy band and two choppers have had slight
damage at this point for some time.

These disks should be repaired to eliminate background
problems, but in addition, the background could be further
reduced by coating bo'h sides of all disks and filling in one
of the two windows on each disk.
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The calculated stress at the weak point is 19.6 N/mm2

at 20,000 rpm and the best adhesion for epoxy resins found
after tests with various surface treatments is 17.9 N/mm".
This is in agreement with the manufacturer's claims.
One disk was repaired regardless, but duly failed under test
at 20,000 rpm. Disks run at up to 60 С and differential
expansion between the disk and the coating provides
an addition mechanism of failure.

We are now embarking on a test of a sputtered Gd2O4
coating on one disk in order to test the adhesion and
machinability of this coating and to assess the consequences
of any distortion of the disk.

IN6 Focussing TOP spectrometer for long wavelengths
on the cold guide HIS

The main improvement carried out has been the VME
chopper control and a new data acquisition program.
The mechanical operation of the triple monochromator has
been tested before putting it back in place. The instrument
should be fully operational at the beginning of 1994 and
the testing of the detection and acquisition system will be
carried out by using a neutron source. Several safety features
have been added to eliminate all possible risks of human
exposure to the neutron beam.

IN 10 Backscattering spectrometer
on the cold guide H15

The programme of modernization of the electronics
is nearly completed. The new motors and coders can be
directly controlled by the VME crate, thus permitting the
removal of the CAMAC controller. This upgrading was
necessary in order to be compatible with the new type of
operation, with a temperature scan of the monochromator,
called INI OB. The high temperature cryofurnace used
for INI OB is being assembled and tests will be done early
in 1994.

A new device permitting a fast exchange between
the doppler drive (INIOA) and the cryofurnace (INIOB)
has been put in place and is working satisfactorily. This has
necessitated some changes in the heavy concrete housing.

During the first tests of INI OB it was noted that some
electric noise was produced by the start-up of the motors
which are driving the motion of the lead curtain.
This problem has been fixed by using electronic static relays.

IN 11 Spin-Echo spectrometer on the cold guide H141

The NSE spectrometer received its new coils which have
a more precise winding and current connectors placed close
together to minimize the magnetic perturbation of the cables.
The marble was extended to allow an easy exchange of
the secondary spectrometer for INI 1C, the high angle
multidetector extension. The cabling is being reorganised
for the same purpose. The last big items for INI 1C (detector
protection, analyzer support) arrived in December 1993.

The He flight box and the equivalent of the "Fresnel" coils
should come in 1994. The main and analyzer magnets are
already mounted on the supporting mechanics and can now
be easily attached to the sample table axis. If the water
cooling is installed and if we have enough supermirrors
by the restart of the reactor, in principle neutron tests could be
started. The electronics part is being slightly modified
to handle the new configuration.

IN15 High Resolution Spin-echo Spectrometer
for long wavelengths on the cold guide H511
(cooperation ILL-KFA-HMI)

New sample cells with quartz windows for small angle
scattering in a temperature range of - 100° С to 300° С have
been designed and realized.

The multidetector has been renewed: the entrance
window deformation has been reduced from 7 to 3 mm,
the gas has been changed and the rear cover has been sealed.

It has been decided to replace the 16.5 m long
prepolarizing H511 neutron guide (FeCo coating on an
antireflecting layer). About 9 m of the new guide will be
coated with natural Ni while only 7.5 m will be coated with
the FeCo magnetic layer.

For the focussing option, new flat samples were tested.
First, samples similar to the first prototype: it is the
substrate, zerodur glass, which is polished to a ц-roughness
guaranteed less than 3 A (rrns) on the top of which a thin
layer (= 800 A) is evaporated or sputtered; Cu 6 5 ,
Cu 6 5 + AI (120 A on the top of Cu), Ni,. xMo x and С
coatings have been tested. A second type of mirror was also
investigated: it is the Ni-"Kanigen" thick layer (on an
aluminium substrate) which is polished to the same
(J.-roughness: = 3 A rms. The diffuse scattering at
the reflected beam has been measured on the neutron
reflectometer at BENSC-Berlin. A signal/noise ratio
of larger than 104 has been observed for all these samples
at Q > 0.0015 A"'. This was the sensitivity of the test in view
of a 5.IO"4 background level. The addition of a protective
layer, Al-layer, does not produce any extra scattering.
Surprisingly, the same quality is also achieved with
the Ni-"Kanigen" coating.

For the time of flight option, the permanent installation
of the 3 choppers in the vacuum container and the complete
cabling of the safety devices have been carried out.
The safety unit for the choppers, also for the velocity
selector, has been connected and tested. The group of
4 rotors can be driven and controlled locally from
a Macintosh. The software for the remote control is still
under development: ILL and ZEL-KFA-Jiilich collaboration.
The vertical Jink between the master crate of INJ5 and
the crate for the TOF-unit is still to be solved.
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IN16 New backscattering spectrometer
on the cold guide H53

Highest energy resolution in backscattering of better than
I цеУ is not available presently anywhere in the world. So
how should it be tested whether the IN 16 monochromators
and analyzers produce the desired energy resolution of about
0.2 fjeV? A more tedious way than using a backscattering
spectrometer was to modify a small angle instrument to
a backscattering spectrometer (especially tedious to explain
the long measuring times to SANS physicists). This is what
has been attempted again in another improved setup on the
8m-SANS at the NIST. Gaithersburg (Frick, Gehring,
Neumann).

The experimental setup is shown in Fig. 1. A good
collimation was used for passing with a roughly
monochromatic beam (from deflection by a graphite (002)
crystal) through a perfect, flat Si(l 11) crystal (0 = 2 cm)
mounted on a MoBbauer drive which was calibrated and
optimized to achieve low vibrational amplitudes with
an interferometer. The flat transmission crystal cuts
an extremely narrow gap into the wavelength band of the
incoming neutrons. Neutrons with wavelengths within the
gap are then missing for the backreflection on the test object,
the analyzer crystal. If the transmission crystal is moved
then this gap is Doppler shifted. Thus one can scan the
wavelength band of those neutrons which are backreflected
from the analyzer to a detector of 50% efficiency. Of course
this works only after a precise alignment.

Several crystals were tested: I) a perfect, flat Si(l ! 1 )
single crystal, giving 0.1 8 ± 0.01 ueV, probably the
resolution of our setup: 2) a spherical analyzer carrying flat,
polished Si(l 11) hexagons, glued according to the "classic"
INK) technique, giving 0.39 ± 0.034 цеУ and 3) a spherical
analyzer of IN 16. carrying smaller ( 4 x 4 mrrr) polished
Si(l 1 1) crystals, glued with a new technique, giving
0.38 +- 0.026 ueV. Thus about the same energy resolution
was measured for 2) and 3). For geometrical reasons one
would expect a better resolution for the smaller IN 16
crystals. However, the beam size might be the limiting factor
and for intensity reasons it was impossible to reduce it
further. Thus it is still an open question whether the
deformation of the crystals prevents obtaining a better
energy resolution.

Furthermore a whole set of purposely deformed crystals
fixed with different glues was tested. The spherical
deformation, i.e. the Sd/d which is enlarged by deformation,
should be tailored to get the desired instrumental resolution:
about I |4eV for the second analyzer set of IN 16 and about
0.7 [leV for the NIST backscuttering project. Clearly higher
reflectivity and a wider linewidth were measured (0.6 (JeV in
the case of a polished deformed 0.7 mm thick Si(l 11)
wafer). Further tests of the analyzer crystals and the
technique to fix them onto the backing plates have been
started at the Siloe reactor (Blanc, Frick, Magerl) and are
very promising. A Bonse Hardt camera setup is used and it
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Fig. I : Experimental setup used at NIST to test IN 16 analyzers.

appears that with the higher flux available at Saclay,
it should be possible to learn about the deformation using
beam sizes down to 4 x 4 mm2. This enables us to measure
only one of the small single crystals on the analyzer plate.
Such measurements are scheduled.

On the instrument itself several measures were
undertaken to comply with the health physics regulations
and to improve the background. The control programs and
the electronics are currently being reviewed by the
electronics and instrument computing group.

D7 Diffuse scattering instrument with polarization
analysis on cold guide H15

D7 is waiting for neutrons. In the last year some money
was spent on improving the safety of the instrument
according to the new regulations. The shielding can now be
closed by clamps on the front and rear. Also the doors at
the entrance of the beam tube must now be closed to enable
the shutter to be opened. In previous years it was easy to
forget to close these doors, resulting in a higher background.
The chopper has been equipped with a new drive and control
unit and the polarizer within the shielding has been equipped
with a step motor driven rotation table. This allows
adjustment to be made from outside, thus satisfying safety
regulations. We are now working with the new sputtering
machine to get an improved polarizer, which has a higher
transmission for the shorter wavelength of 0.31 nm. In this
way we hope in the future to gain a fac.or of up to ten
in intensity for this wavelength range.

Albert-José Dianoux
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GAMS5 Project :
Two-axis bent crystal spectrometer

Hans Borner

The promising progress which has been made in recent
years in developing very high performance crystal bending
devices has prompted the idea of using the ILL's reactor
shutdown to build a new crystal spectrometer that will
combine the outstanding resolving power which can be
obtained with the GAMS4 flat crystal spectrometer, and the
outstanding dynamic range obtained with the DuMond
GAMS 1,2/3 spectrometers.

Analogous to the two-axis flat crystal spectrometer,
successive Bragg reflections on two crystals situated behind
each other (with respect to the beam axis) eliminates direct
imaging of the source geometry which will then be no longer
critical in further improving the resolution.

The principle of operation of this new spectrometer may
be inferred from Fig. 1. If y-rays of a given wavelength A. are
successively Bragg-reflected by the two crystals, the second
crystal sees the y-rays as if they originated from the virtual
image produced by the first crystal. In this way the
characteristics of the crystals (diffraction width 9r, bending
with 0C) determine which portion of y-rays emerging from
the target is twice Bragg-reflected. And, as can be derived
also from Fig. 1, the target width 0S is no longer critical.

The basic layout of the GAMS5 spectrometer is very
much an analogue of the GAMS4 two-axis flat crystal
set-up. Likewise, it is equipped with high precision angle
interferometers. The distance between the two crystals is
70 cm. The crystal bending devices allow us to vary the
radius of curvature. All relevant interferometer parts which
support the optics are made from glass ceramics, exploiting
the extremely low thermal expansion coefficient of these
materials.

The first version of this spectrometer will be equipped
with the GAMS5T interferometer which has been built in
the frame of a Miinchen -ILL collaboration and is currently
being tested.

image 2

rowland 2 image 1

target

Fig. 1 : Schematic diagram describing the principle
of operation of the two- axis bent crystal spectrometer.
The Bragg angle ф shown here is highly exaggerated.
In realistic measurements ф is typically in the order
of several minutes to degrees.

The PIAFE Project (Production, Ionisation
et Accélération de Faisceaux Exotiques)
Study on PN1

Herbert Faust

The PIAFE project was discussed by the Institut des
Sciences Nucléaires (ISN) Grenoble and ILL scientists about
three years ago. A collaboration has been established around
ISN with several European countries which presently is
working on a study. The aim is to use a thermal fission
source implanted in the PN1 beamtube of the ILL reactor to
provide neutron rich isotopes for transport via a beamline to
the SARA accelerator complex at the ISN, which is some
400 m from the reactor. After delivery, the isotopes will be
accelerated to energies which are sufficient to surmount the
Coulomb barrier so that they can enter into nuclear
reactions. For this project the LOHENGRIN facility would
have to be modified. In addition, this would offer the
possibility of studying very neutron rich exotic isotopes at a
beam port in the ILL reactor hall. A feasibility study shows
that with a neutron flux of 1014 n/cnrs in an internal source
arrangement, fission rates of 2.2 I0l4/s can be expected in
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a 6.3 kW source containing about 2g of enriched " " U .
The principles on the implantation of the thermal ion source
have been defined in an internal report (1). Ionisation
schemes, extraction and considerations on the isolator have
been addressed in this report too. Furthermore, the
radioactivity has been calculated. In follow-up work the
beam optical system has been designed, including a periodic
system of electrostatic einzellenses to confine the radioactive
beam to the axis of the beam-tube, and a first mass separator
with a deflection radius of 55°. Also the use of the BILL
magnet as a high resolution mass spectrometer with А/ДА>
5000 has been discussed (Fig. 1). Scientific aspects are
addressed in a report, which also reviews the possibilities
provided by a 30 keV exotic beam port at the ILL site (2).

References

( 1 ) H.R. Faust et al., internal report ILL 93FA9T.
(2) Piafe Project Physics case, H. Nifenecker editor,

submitted for publication, Annales de Physique.
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Fig. I: Implantation study of the PIAFE project in the H9 area
of the reactor hall. The beam is guided from the source near to the
fuel element by electrostatic lenses to a mirror, a mass separator
a/id the high resolution magnet BILL, which will be used as a mass
spectrometer. For purpose of acceleration, the particles can be
transported to the ISN.

The He Polariser Project
Francis Tasset

1993 has been another year of intense competition
between the two possible routes (Hyperfine coupling of 3He
with optically pumped Rb/Direct pumping on metastable
3He atoms followed by compression) toward the production
of high density spin polarised gas. Although applications in
fundamental physics (SLAC and MAMI) have up to now
provided the strongest motivations and tend to concentrate
the high level of expertise and funding required, several
neutron scattering groups (Los Alamos, KEK, NIST, HMI)
have begun significant investments into it.

At ILL, we have been following this development for
several years. We started with a neutron test made on D3
before the reactor shutdown, on a Rb pumped cell in
collaboration with the group of Professor T. Chupp. Despite
the subsequent serious reduction in the scientific staff and
the instrument development budget, the 3He project
remained funded at a reasonable level and we could continue
to work on it.

At the beginning of 1993, an experiment was done by
W. Heil et al. at MAMI, the Mainz Microtron, using
polarised electrons scattered on a dense polarised 3He target.
A Toepler compressor was used successfully showing that
the compression technique was possible, competitive and
much cheaper than the Rb one being used at SLAC. Using
funds from the European Community HCM programme

allotted to this development, I was able to spend 3 months
in Professor Otten's laboratory and work with R. Surkau and
W. Heil on the new 2-stage amagnettc compressor made
of large titanium pistons. The stay was very interesting
and quite successful, culminating in a target being filled at
3 bars and 25 % polarisation.

A detailed estimate for a duplication of this glass-metal
machine having shown that it is within the initial prevision
for this project, I reported on the project at the ILL Scientific
Council held in October with emphasis on the Mainz
technique.

A further decisive step in this direction has been
the arrival to Mainz, on 1 October, with the help of the HCM
Network, of H. Humbot, a research associate, who gained
experience in the field at Orsay in collaboration with
M. Leduc at ENS. His first task is to build an optimized
system for Neutron Spin Filters in Mainz. This system is the
property of ILL and will be transported to Grenoble as soon
as it becomes operational/useful for our polarised neutron
programme here.

Owing to this favourable arrangement, things are now
moving fast. Most of the optical parts, including the infrared
LNA laser, were ordered in a few weeks and were delivered
in 1993. We are now consulting prospective suppliers for
the mechanical parts.

In the meantime, decisive progress has been made in
the relaxation time in the high pressure cell. Being in Mainz
just before Christmas, I was delighted to see the following:
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a 150 cm~ cell was filled with 2 bars of polarised gas in
37 min. and then closed. The polarisation was subsequently
monitored every two hours by NMR. Two days later
Christmas was coming and I had to leave: the signal was still
strong showing a relaxation time of 43 hours!

It is true that hard work remains to be done in perfecting
the second stage of the compressor in order to reach the high
level of 3He polarisation which we know is necessary to
produce really intense polarised neutron beams. This is why
it is very important that we clearly show our interest and
needs to the people who are very skilled at it and probably
able to reach such high polarisations.

On the other hand, in a relatively short time, decisive
questions have been addressed with much success on several
aspects of this system. In a very pleasant venture with
atomic and fundamental physicists, the compact,
transportable, neutron spin filter is becoming a reality for
neutron scattering centres.

Laue-detectors
Mogens Lehmann

One of the instruments in the proposed modernization
programme for the ILL was a diffractometer for the study of
large unit cells. It was based on the use of the quasi-Laue
method with cold neutrons and a limited wavelength range.

Although no modernization programme has started,
the proposal has spurred a number of tests of new detector
types. The reason for this is simple. No neutron diffraction
instrument for macromolecular crystallography is of much
use without a large position sensitive detector, and
considering the eventual location of the instrument at
an end-guide new types of detectors have been examined.
These are combinations of neutron to light/y-ray converters
placed in front of suitable detectors.

Two approaches have been studied. In one case the
detector was a position sensitive photomultiplier while in
the other case image plate technology has been used.

For the photomultiplier (Hamamatsu R2487) a 1.5 mm
thick Li glass scintillator was placed in front of the 4.5 by
5.5 cm2 detector area. The 17x18 anode signals were
converted into two pulses for each axis using a resistor
chain. These four voltages were then recorded into a PC
using a fast ADC converter and the position was calculated.

The detector was tested at the DN4 of the Siloë reactor
in collaboration with staff from the EMBL and the CENG.
It showed the method to be feasible. Counting rates of up to
10 kcounts/sec could be handled and the overall counting
efficiency was 30 %.

The main difficulty seems at present to be the
background. This is undoubtedly due to a mixture of fast
neutrons and y-rays, and more work is now underway
to handle the discrimination against the latter.

Another more ambitious project is the construction of an
image plate for neutrons, presently being undertaken at the
EMBL outstation in Grenoble with support from the Freie
Universitat, Berlin.

Image plates are well-known to X-ray diffractionists.
They are normally made from flexible plastic sheets
containing BaFBr doped with Eu~+ ions. When irradiated
with X-rays, electrons can be trapped in isolated, metastable
states just below the conduction band. These states can be
released by photo stimulation with visible radiation with the
resultant emitted light lying in the blue region. The plate can
thus be 'read' by scanning the plate with a laser while
measuring the intensity and position of the emitted light.
After cleaning with an intense light source the plate can be
re-used.

Image plates for neutrons are obtained by adding Gd to
the system, either as a thin plate in front or as a component
of the plate. The high (n,y) capture cross section for Gd
ensures a good detection efficiency.

The prototype detector is a 40 cm long, 30 cm wide
aluminium cylinder with the axis in the horizontal plane.
The sample is placed in the middle of the cylinder, the beam
is orthogonal to the axis and enters the detector through a
small hole on one side. The diffracted neutrons pass through
the aluminium to be detected by the image plate which is
placed at the outside of the cylinder. After exposure this is
read off much like one reads a phonograph. The pixel size is
0.25 by 0.25 mm2, and the approximately 6 Mega pixels can
be read in 5 min.

At present the detector has been assembled, and first
tests are being done using X-rays. By the time of the reactor
start-up it should be ready for testing with neutrons. Again
an important part of the test will be to estimate the
background sensitivity. To minimize this the detector tests
should preferably be made at a location far from the reactor
surface, and preliminary measurements are therefore planned
to take place at the HI42 position about 110m from core.
This is a cold beam with highest flux in the range from 3 to
6 A, thus well-suited for the first Laue measurement tests.
These can be done with the whole spectrum, while the
detailed characterization is undoubtedly best done with
a narrower wavelength range.
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(DPT)
The Projects and Techniques Division (DPT - Division

Projets et Techniques) came into being on I July 1993.
The purpose of the Division is to provide engineering
services and project management support for all aspects of
the experimental activities, including the computing
infrastructure. It is responsible for improvements and
innovation in the areas of beam distribution, neutron optics
and detectors, sample environment and data acquisition.
The Division was formed from the three previously existing
Technical Departments - the Instrument Operation
Department (EDEX), the Instruments and Methods
Department (DIM) and the Computing Department (DI).
Some of the activities of these Departments were moved to
the Science Division (DS) and to the Administration
Division (DA). From EDEX, the instrument technicians
were transferred to the Instrument Groups in Science, and
responsibility for the Chemistry and Biology Laboratories
also passed to the Science Division; the Site and Building
Maintenance Service moved to Administration. While the
DIM remained within DPT, parts of the Computing
Department dealing with administration and office
computing, as well as Telecommunications, passed
to Administration, while some staff members of the
Department formed the nucleus of a new Scientific
Computing Group in the Science Division.

The remaining parts of these Departments have been
reorganized into two Branches: 'Instrumentation' and
'Development', and a Project Office. The Project Office acts
also for the Sc'ence Division and helps to coordinate the
activities of the two Divisions. It is the intention that, in the
future, major instrument projects are managed from within
the DPT in order to better coordinate the limited resources
which will be available. Where necessary the scientist
responsible will be detached to DPT from DS to act as
project manager. Initially this arrangement covers
developments of the neutron guide systems, the new lime-
of-flight spectrometer IN4C and the 'banana' detector
of D20. Other existing instrument projects remain
the responsibility of DS.

Although the DPT came into existence only in the
middle of the year, it is appropriate that the Annual Report is
presented in the new format of the new structure.
Nevertheless it should be recorded that the old departmental
structure survived until 30 June 1993. albeit with staff
widely dispersed, both in helping the reactor refurbishment
and on detachment to other organizations where their
technical skills could be used in the absence of experimental
activity at ILL. Some found the 'grass is greener on the other
side of the fence' and will not return. We wish them
a successful future.

The timing of the reorganization coincided with the first
departures under the FNE Convention (see Director's
Report). These included two of the Department Heads:
J-C. Faudou and D. Rimmer. under whose leadership
the DIM and the DI respectively had contributed so greatly
to ILL's reputation in technical innovation and in service
to the users. We are particularly grateful to both of them for
working hard to the last minute to ensure a smooth transition
to the new structure. A. Heidemann, previously Head
of EDEX, now heads the Instrumentation Branch and
C. Zeyen has taken charge of the Development Branch.

Despite the perturbations of 1993. progress has been
achieved both in preparation for the reinstallation
of instruments and in the various areas of technical
development. This work, of course, all started under the old
organization.

In this, my first and last contribution to the Annual
Report as Head of Projects and Techniques Division, I wish
to pay tribute to the skills, experience and dedication of all
the staff, which I am sure will carry them well into the new
life of the ILL after the reactor restart.

Peter Schofield
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Project Office (W. Kaiser)

The purpose of the office in the new organization is to
provide information, assistance and advice to all those
concerned with the management of projects in the Science
and the Projects and Techniques Divisions, on the allocation
and control of the resources, personnel, facilities and finance
of the various projects. The main activity was the update
of the financial situation of spending for the instruments
in 1993 and the preparation of the budget proposals
for investment on the instruments in 1994 and 1995.

Neutron Guides (W. Kaiser)
H1-H2 Neutron Guides

As pan of the refurbishment programme, 139 m of the
in-pile guides, in the swimming pool and in the casemate,
are being replaced. In addition, the opportunity is being
taken to carry out work in these areas to enable further
improvements of the neutron guides at a future date with
minimum disruption to the scientific programme:

• The in-pile part of two new cold guides NG12
andNG13.

• The replacement of 11 m of H25 by a supermirror guide.

The guides of the in-pile part of the H1-H2
refurbishment have been delivered and the H2 guides are
mounted in the mechanical support. The decision for the
new guides NG12-NG13 was taken in April 1993. The new
in-pile mechanical parts, allowing seven guides for cold
neutrons, have been delivered and will be equipped with the
guides before the end of the year (see Fig.l, page 142).
The supermirror guide for H25 is being manufactured.

The replacement of the electrical control for the vacuum
system of the H1-H2 guides has been finished.

H17-H18 Guides

The decision was taken to modify the geometry of these
guides for a radius of 27,000 m to allow the installation
of the diffractometer D16 on a new H17 guide and the
small-angle spectrometer D17 on a new HIS guide.
Therefore the H17 guide will not be refurbished in the out-
of-pile part, and the HIS guide will not be available for
the reactor restart. Major modification of the casemate of
the H1-H2 guides is necessary. Preliminary studies are
in progress.

H511 Neutron Guide

The present polarizing guide for the neutron spin-echo
spectrometer IN 15 has been coated with FeCo at HMI
Berlin. After the decision to replace 16.5 m of this guide,
a call for tender was prepared and the order will go out.
7.5 m of this guide will be coated again with FeCo at HMI.

IN4C Thermal Time-of-FIight Project
(H. Mutka)

In the new organization of the Institut, the IN4C
instrument project was attached to the Projects and
Techniques Division. This reflects the main charge on
the work, as roughly 4/5 of the manpower associated with
the project belongs to this sector.

At ILL the main progress has concentrated on the
choppers. For a while a rather uncertain situation prevailed
concerning the availability of magnetic bearings for the new
background chopper. Finally the initial idea of employing
the old choppers adapted for a vertical rotation axis, with
one new background chopper, was abandoned. A set of three
new choppers was finally ordered and it is certain that this
choice will be an advantage in the long term. The Fermi
chopper and the two background choppers are to be
delivered in the first half of 1994. The Italian partner
(Istituto di Struttura délia Materia, CNR-Frascati,
coordinator Prof. F. Sacchetti) has concentrated on the
mechanical design and fabrication of the curved
monochromator assembly. A successful working prototype
of a single row of eleven orientable elements has been
produced. The full design of the four-face assembly with
five of these rows on every face has been terminated and
fabrication will be completed before the end of 1993

Fig. 2: IN4C thermal TOP spectrometer: a perspective view
of the four-face monochromolor exchanger wider construction
in Italy. Each face has 5x11 orientable elements for obtaining
the double curvature.

128



114

PROJECTS AND TECHNIQUES DIVISION

(see Fig. 2). The graphite crystals for the monoehromator
have already been purchased and the Cu crystals are
in production at the ILL. The assembly will be available
for tests in the first half of 1994.

The Italian partner has received detector tubes which are
being lested. Work has also started on the detector
electronics according to the layout produced in the ILL
Detector Laboratory. The cooperation on the central forward
scattering detector is progressing, with some delay due to the
unforeseen departure of the Head of the Drawing Office,
who was in charge of the mechanical optimization. This
detector will be constructed by the Italian partner according
lo a design established by the detector group of the ILL.

Preparation of the site for the installation of the new
spectrometer has started, and pre-instullation of the shielding
elements is planned to start in January 1994. Definitive
installation of the primary casemate will wait until the end
of the reactor remounting.

The remaining design work consists of the details of the
secondary flight box and sample environment, for which
the concept already exists.

D20 High Flux Multidetector
on the Thermal Beam Hll (P. Convert)

The construction of the powder diffractometer D20 has
been dominated for many years by the realization of its
fundamental part, the large linear Position Sensitive
Detector, or Banana, covering 160° with 1600 cells
(see Fig. 3 on page 142).

At the end of 1992. we were faced with the departure
of our expert technician. M. Berneron, who had made most
of the developments for the banana construction and had
essential skills for the realization of some critical parts of the
detector. Fortunately we were able to arrange his return
to ILL in October.

1993 was used to carefully prepare the mounting
of the detector:

• Realization of several frames or supports for
the centring of the electrodes on their mechanical support,
and their precise positioning on the mechanics of the detector:

• Construction of guard electrodes to improve the
electrical field homogeneity at the ends of the detector /.one:

• Cleaning of the cabin built for the dust-free assembly
of the detector;

• Production of the 96-cell D20 prototype reproducing
exactly the conditions of the large banana; the complete set
of guard electrodes: gas filling of 3 bars 3He + I barCF4:
3 modules of 32 amplifiers; 3 units of 32 logics; 3 VME data
acquisition modules.

The 96-cell D20 prototype was successfully tested
in March at LLB. The electrodes were found to operate
perfectly: the electrode junctions have to be adjusted with
a precision of 50 microns, the guard electrodes work well:
the dedicated electronics are also working properly.

Following this, and after seven months of operation in
the laboratory with a neutron source, another test was made
in October-November at the Siloé reactor (CEN-G).
This revealed an instability in the gas amplification of the
electrodes. This question has now to be fully understood
before the mounting of the large detector can take place.
This will be completed as soon as the problem has been
resolved.

All the pieces for the dedicated electronics are available
(50 modules of 32 amplifiers. 50 units of 32 logics, power
supplies). The}' will be assembled at the beginning of 1994.

The data acquisition system is complete, tested and
operational, except for the synchronization module which
has been designed but still has to be made.

1994 will be very busy in order to complete
the instrument by the end of the year:

• Solving the problem of instability of the electrode
amplification:

• Mounting of the banana:

• Assembly and test of the dedicated electronics:

• Mechanical modifications of the old diffractometer
platform to receive the banana;

• Reinstallation of the HI 1 primary shielding:

• Shielding of the experimental area:

• Instrument control in VME standard
(motors, encoders);

• Software for the D20 control with the Silicon Graphics
dedicated computer;

• Production of the mechanical support for the HOPG
monochromator. and adjustment of the 52 blades.
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Instrumentation Branch

(A. Heidemann)

Introduction
As part of the new organization of the ILL the

Instrumentation Branch was set up in the Projects and
Techniques Division. This branch covers all activities
concerning the construction and maintenance of the ILL
instruments. It is responsible for the construction and
installation of the instruments, for the delivery of neutrons
to the instruments, for the design office and mechanical
workshops (Central Workshop. Hall d'Essai), for instrument
control and data acquisition, and for the computing
infrastructure excluding Management Information Systems.
The Instrumentation Branch consists of five Services:

• Neutron Distribution and Central Services.

• Mechanical Engineering.

• Electronics.

• Computing: Instruments and Network Infrastructure.

• Computing: Systems and Communications.
In addition the Branch has responsibility for managing

two major projects: the refurbishment of the beam shutters
and the programme for the reinstallation of instruments.

The Services have the following responsibilities:

Neutron Distribution and Central Services

• Systems for the supply of neutrons to the instruments
(neutron guides, beam shutters, beam stops, safety loops).

• Operation and maintenance of the experimental halls.

• Vacuum systems.

Mechanical Engineering Service

• Finite element calculations for the layout of instruments.

• Mechanical design of instruments by the Drawing
Office

• Preparation of new instruments by the 'Hall d'Essai'
and the Central Workshop.

Electronics Service

• Design, construction, testing and maintenance
of instrument control and data acquisition systems.

Instruments and Network Infrastructure Service

• Instrument computers and software
for the four condensed matter instrument groups.

• Hardware of the scientific computing networks.

• Coordination of the networks on the site, .ncluding
connections to ESRF, EMBL and externally.

Systems and Communications Service

• Administration and operation of central computing
facilities and of workstations.

• Data base and archives.

• Software libraries.

• Electronic mail.

• Micro-computing (PCs, Macintoshes).

• Instrument control and computing
for the Nuclear & Fundamental Physics Group.

It is hoped that despite the considerable reduction
in staff, of the order of 25 to 30 % during 1993 and 1994
compared to the situation in 1991, we will still be able
to provide reasonable technical support to the instruments.
In the following section we present the activities of the
Instrumentation Branch during the year 1993 in more detail.

Neutron Distribution and Central Services
(R. Mathieu)

The main activities have been as follows:

• Contribution to the project for modernizing
the beam shutters.

• Coordination of the work on the following instruments:
EVA, PF1, GAMS5, and studies for the acquisition
of the possible CRG instrument ADAM.

• Safety studies for certain nuclear physics experiments:
I V 7Luand l 9 8AuonPFl.

• Work on the experimental halls ILL? and 1LL22:
cleaning, painting, removal of old cables, etc.

• Contribution to the scheduling of the reinstallation
of instruments.

• Assistance to the construction teams on the reactor:
lifting, internal and external transport.

• Intervention work on instruments and the reactor.

• Production of poster boards to illustrate the function
and purpose of the instruments, which will be installed next
to the instruments after the restart.

• Assembly of an 'historical' exhibition in the old library
in ILL4.

• Coordination of sales of sample environment equipment.

Mechanical Engineering (M. Thomas)
Although the ILL's scientific activity was reduced during

the long reactor shutdown, the mechanical engineering
group's workload has not diminished, owing to the work in
progress for the ILL instruments and its contribution to the
reactor refurbishment programme.

Assembly Hall and Workshop

The assembly hall, with the assistance of the Neutron
Distribution and Central Services, undertook the project for
rebuilding the mechanical parts of the beam shutters and
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safety loops. Some of the more usual activities of the
assembly hall have continued, such as the assembly and tests
of the IN 15 choppers, the D22 velocity selector and the
rebuild of the controls of the Dl 1 velocity selector.
The workshop was able to assist with the reactor
refurbishment by responding very quickly to the
requirements of the project.

Drawing Office

Summer 1993 saw a change of engineer in charge
(departure of A. Bill ing ton end of July and arrival of
P. Malbert beginning of September) and a reduction of staff
by early retirement and detachment. The main activity was
concentrated on improvements for existing instruments and
on new instruments.

Improvement of existing instruments

• GAMS2/3: completion of the rebuild.

• New secondary spectrometer for IN 11
with a multidetector.

• Sample areas of the instruments Dl 1, D17 and D22.

• Continuation of the study for the installation
of the new multidetector for the instrument D20.

• Monochromators for D2B, D19 and D20.

• Multidetector modification for DI9.

New instruments

• Gamma spectrometer GAMS5.

• Continuation of intensive studies for the TOP
spectrometer IN4C.

• Study of the Brillouin spectrometer IID.

Preliminary projects

• Installation of instruments ADAM and PFI
on the H53 neutron guide.

• Installation of the instrument IN22 (previously IN20B)
on the H25 guide.

• Modification of the H17/H18 guide area in view
of the installation of the future reflectometer (rebuild of D17).

Calculation Laboratory

The most significant of the studies carried out were:

• Study of the static behaviour of the IN4C vacuum box.

• Stress and dynamics verification of the IN4C
Fermi chopper.

• Optimization of the housing of the IN4C multidetector.

• Characterization of elastic behaviour of flexure-based
rotation modules for the ultra-fine rotation stage of GAMS5.

• Non-linear contact analysis of elastic behaviour
of the reactor flange clamping collars.

• Magnetostatic study of neutron precession coils
with superconducting Meissner screens.

• Mechanical analysis of the anticlastic curvature effect
induced by the bending of a thin rectangular plate.

• Study of the elastic behaviour of a bilayered material
subjected to a transversal and time-dependent thermal gradient.

• Study of the IN5 chopper disks under the effect
of rotation (see Fig. 4 on page 143).

Electronics (R. Klesse)
The activity of the Electronics Service was concentrated

on the following topics:

Improvement of existing instruments

The three-axis spectrometers INI and IN8 are in the
process of being equipped with VME electronics.
The backscaîtering spectrometer IN 10 is now fully VME
controlled and has been recabled. Dll was changed from
CAMAC to VME within three months, and the electronics
were considerably reduced. T13C was mounted on a VME
plus Macintosh base and has become an independent
moveable device. The instrument was running satisfactorily
for the whole of 1993 at Orphée (LLB).

Preparation of the new instruments

IN15. IN16 and D22 are ready for commissioning in
1994. On D22 all motors are connected and running. Data
acquisition is done with a new VME-VSB histogramming
device which can handle more than 10 events per second.

Restart and tests of all the instruments
in the two neutron guide halls

Many problems have been encountered caused
by the two-year shutdown. Most of them have been solved.

Technical assistance to other ILL services and external
laboratories (HMI, ESRF, PSI, Thomson, etc.)

During the period of the reactor shutdown, staff have
been detached to other institutions, and work has been
carried out under contracts.

Computing: Instruments and Network
Infrastructure (A. Barthélémy)

The main aims of the Instruments and Networks Service
in 1993 were:

• To maintain the equipment correctly to facilitate
the restart of the instruments.

• To restart and test the neutron guide instruments
and to continue software developments on new instruments.

• To modernize and to standardize the older computing
equipment.

• To prepare the local network for decentralization
of computing.

• To maintain a high technological level.
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Maintenance

The instrument computers have remained connected.
In this way the number of breakdowns has been reduced,
but some units have had to be changed.

Restart of the Instruments

All the computers of the instruments on the neutron
guides are operational. With the replacement of certain
electronics systems, software developments have been carried
out. This change has made it possible to check the cabling.

Modernization of the Instrument Computers

The PDP11 computers have been or are being changed,
except on D3, D7 and INII. For D20 a Silicon Graphics
workstation has been purchased, and for the three-axis
machines a DECstation 3000-300L and a Hytec CAMAC
controller have been delivered.

The acquisition and control programs for a large number
of instruments have been modernized and standardized on
the MAD program (IN5. IN6, INK), IN 16, DIB. IN3. IN 12,
DIG, DB21, D16, Dl I. D17, D22).

Fig. 5 presents an overview of the types of computers
and electronics systems installed on the ILL instruments
at the end of 1993.

Changes in the Local Network

Considerable technical and financial efforts have been
made on the ILL local network:

• An FDD1 ring has been installed as part of the UNIX plan.

• A fibre optic Gigaswitch concentrator is operational;
its two main aims are to permit rapid access lo ILL servers
with a possible evolution towards asynchronous transfer mode
(ATM), and to prepare for changes in the computing centre.

• The asynchronous cabling has been updated with
elimination of unused cables, and the installation of new
terminal biprotocol servers and the gradual elimination
of the line concentrators (MJCOM. PDPI1 ) are in progress.

• A computerixed system for updating the cabling plans
is operational.

• Studies are in progress for a joint program of the ILL,
ESRF and EMBL networks towards RENATER planned
for 1994.

• Monitoring of the network has been improved by way
of the network management station and specific products
on Macintoshes and PCs.

INSTRUMENT COMPUTERS

VAX station
GPX CAMAC

micro VAX II
VME

Silicon Graphics
VME

LOCAL TREATMENT STATIONS
Silicon Graphics D2BD10
VAX station 3100D11 D17D19
VAX station GPX D7
HP stations 9000 PN1 PN3

PFIPF2

DEVELOPMENT SYSTEMS
Micro VAX II
PC Windows NT
DEC station 300Q300L
DEC station 5000-200
POP 11/24
VME OS9 systems

IOCAL NETWORKS SYSTEMS
VAX station 3100
PC Sniffer
Macintosh
Router CISCO
VAX station 2000

_ external
networks

FDDI

VAX station
GPX VME

PCs MS-DOS
CAMAC

PN3

PF2

PF1

PCs MS-DOS
GPIB

PN1

Fig. 5: Overview of the types ofmmputers find eleclronirs systems

initialled on the ILL instrument!! til the end i>/ /ЧЧЗ.

Technology Monitoring

The increasingly rapid development of computing makes
it necessary to be extremely vigilant about future choices.
A study of the possibilities of the Windows NT system
for operation of the Microsoft instruments has been initiated.

The new technologies of the local networks have been
studied in particular as the local, national and international
network has become fundamental in the context of modern
decentralized computing.

Computing: Systems and Communications
(M. Le Sourne)

At the end of 1992 we submitted lo the Steering
Committee at its request the broad outlines of a UNIX plan
providing for the progressive conversion of our computing
applications to a UNIX environment. This plan was accepted
as a whole, and an initial budget was provided for 1993.
A considerable part of our activities has therefore involved
the implementation of the investment plan and the
establishment of a first platform to permit this work to start.
The conversion to UNIX is a major operation, which will
require lime and effort from scientific and technical
personnel, and it is clear that in the context of the reduction
in staff this can only be implemented very gradually.
For this reason we have also worked on the development
of our central VAX system, so that for the immediate future
we can maintain a VMS service appropriate to our needs
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Fit;. (У : The stock <>j computing equipment available for scientific

applications at the end of 1993 shown schematically.

and our financial means. Fig. 6 shows schematically
the stock of computing equipment available for scientific
applications at the end of 1993.

UNIX

The first investments have been for the purchase of
workstations. To this end a study was carried out to compare
the main equipment on the market; after considerable debate
between ihe scientists and the computing staff, the choice
was made of Silicon Graphics (SGI) and Hewlett-Packard
(HP). Five instrument groups have received UNIX
equipment:

• 2 HP stations for the Theoreticians.

• 2 SGI stations for the Diffraction Group.

• 1 SGI station for the Large Scale Structures Group.

• 1 SGI station for the Time-of-Flight and High
Resolution Group.

• 1 HP station for the Nuclear Physics Group.

Reconfiguration has been carried out of one Dec
5000 station to act as server for X terminals and file server.

The graphics group initiated talks with the scientists
to define the broad lines for graphics support and conversion
to UNIX. This resulted in time investment in market
standards such as XI1, OSF/MOTIF, GKS, PHIGS,
in evaluation of graphical packages such as KHOROS, AVS,
etc., and in comparison of user interface builders (GUI's).
In parallel we have introduced in this rather heterogeneous
environment a few X terminals which were selected, after
evaluation, from the Tektronix range.

During the whole of this period the members of the
Service, with the aid of a number of training courses, have
acquired considerable experience in the management
of UNIX equipment and the organization of these systems
for client/server. For day-to-day operation a procedure has
been introduced to provide backups for these systems.
A study is in progress for the choice of a product for saving
and archiving in a heterogeneous environment.

VMS

There are several reasons, both financial and technical,
why UNIX cannot be introduced immediately in its entirety:

• The investment cost of UNIX-based systems
has to be spread over several years;

• The existing VAX instrument computers
will continue to work at the reactor restart;

• There is an enormous investment in users' data
treatment programs, written in older versions of VMS Fortran.

It was therefore found necessary to maintain a central
processing service operating under VMS for the time being,
in parallel with the installation of the UNIX computing
facilities. The decision was accordingly taken to lease a
DEC Alpha 3000 - 500 AXP computer which can run either
VMS or UNIX environment. It will enable a smooth
transition to be made at the time when a VMS central
service is no longer required.

Data Base and Archive

The database has been renewed for integration in the
UNIX environment. At present the VAX central system
stores experimental data in binary format. In parallel
a UNIX base will store the same experimental data in text
mode. This will be maintained on a UNIX server with a tree
structure permitting easy access to information. Some of the
treatment tools, represented by a library of subroutines,
have been made available to the users.

Software Libraries

One of the responsibilities of the Service is to provide
libraries, compilers and development tools on the stations
and servers.

• The Nag Fortran library has been installed on a UNIX
server. With a view to ensuring continuity, we have set up
the Harwell library for different types of stations.
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• For'ran 90: a new version of this compiler has been
installed and we have produced a document giving practical
advice for the conversion of programs written in VAX Fortran.
Fortran 90 compilers will be available from manufacturers
during 1994.

Communications and E-mail

The ILL IP network is an Internet domain named ill.fr.
Primary and secondary name servers have been installed on
two existing DEC - 5000 stations. A mailing gateway has
been defined, one of the functions of which is the
distr ibution of mail to UNIX stations and also
to Macintoshes and PC's. The service has also provided
considerable assistance to users to enable them to make full
use of the possibilities of Internet. The extension of our
communications on this network has made it possible
to eliminate the EARN link with Montpellier and the link
with the HEPNET network.

Micro-computers

The stock of micros at ILL may be estimated at the end
of 1993 at about 100 PC's and twice that number
of Macintoshes. For all these Micro-computers, the Service
has provided first level intervention work, which has made
it possible to reduce maintenance costs considerably.

Macintoshes, extensively used for word-processing, are
increasingly utilized in the scientific sector for various
functions such as the presentation of documents, emulation
of graphic terminals and X terminals, data treatment,
electronic mail on IP network and access to Internet servers.

As regards PC's, these are more oriented towards
specific tasks related to management applications and
technical applications, and for the control of Nuclear Physics
group instruments.

The aim has been to make these two environments
as uniform as possible for the use of printers, exchange
of documents, and their integration in the worlds of UNIX
and VMS.

Support for the Nuclear and Fundamental Physics Group

On the basis of the timetable and forecasts produced
in 1992, the group is firmly oriented towards the use and
integration of PC's for control of the Nuclear Physics
instruments PN1, PN3, PF1 and PF2.

The first few months were devoted to the overall study
of PC's in the DOS and Windows 3.1 systems, and in the
choice of software to be used both for experiment programs
and for publishing and data treatment supports. The main
direction is the choice of Microsoft software which, without
being the most powerful, resolves the problem of
compatibility between software, which goes in the direction
of efficiency and reliability. The group is currently
supporting the following software: DOS 6.0, Windows 3.1,
Word 2.0C, Excel 4.0, Visual Basic Pro 3.0, Access 1.0,

LAN Manager network and LABVIEW 3.0. For the
calculations we have adopted Fortran 90 from LAHEY,
which provides good compatibility with the VAX.

With a view to confirming the consistency of these ideas
and their applications, we contributed to a considerable
extent to the implementation of an experiment at ESRF,
in coliaboration with C. Vettier. This experiment operates
very well in accordance with specifications: four coded
movements and one acquisition system: monitor, timer,
detector with scans and graphs.

We also incorporated a CAMAC driver in Windows 3.1
in order to connect the electronics which will not be changed
in certain experiments (e.g. PF2). With the help of this driver
we have produced an acquisition program skeleton based
on object programming. In the context of the experiments
we also restarted the magnet of the spectrometer BILL
in collaboration with K. Schreckenbach (Munchen).

Another aspect of our activities has been the renovation
of the data acquisition system for the reactor (TCMS II),
including design study, drafting of specifications, selection
and ordering of hardware and software.

The aims for the coming year are: the restart of PF2,
planned for February 1994, then PN1 for March, PN3
for August and finally PF1 in the last quarter of 1994.

Coordination of the Reinstallation
of the Instruments (D.A. Wheeler)

The first objective, to have all the instruments in the
guide halls operational by the end of 1993, is well in hand,
although a few instruments will not achieve this due
to technical difficulties.

The second objective, to have all of the 25 scheduled
instruments operational in the middle of 1994, is dependent
on the date of installation of the reactor block as work on the
level С instruments cannot start until the reactor beam tubes
are installed. The reinstaflation of the instruments, which
will mobilize more than 60 persons from the Science
Division, the Administration Division and the Projects
and Techniques Division, should in large part be achieved
by the middle of 1994 as planned.

Beam Shutter Modernization (W. Kaiser)
The activity of the refurbishment of the beam-shutter

system under Quality Assurance was concentrated on
the H1-H2 neutron guides and the instruments in the ILL?
guide hall, which concerned 52 out of a total of 72 shutters.
The shutter mechanism, the electro-pneumatic and electrical
controls including supply of compressed air are completed.
The new interlock system with keys for gate and shutter
control is in place.
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Development Branch
(C.Zeyen)

With this year's reorganization of the ILL the following
activities were combined under the common label
'Development Branch': Monochromators, Detectors,
Multilayers, Cryogenics, High Temperatures and Pressures.
A new group 'Instrumental Techniques' was created, but its
activities could not start because the entire staff had to help
out in other areas of the ILL. The projected activity of this
group (B. HAMELIN) will aim initially at a more efficient
use of the reduced number of instruments as well as of
the reduced number of cycles. The Development Branch
staff had to show a great deal of flexibility this year since
in many instances laboratory and project activities had to be
done in parallel with help to other reactor or instrument-
related activities.

Monochromator Laboratory (A. Magerl)
Immediately after the present shutdown in 1991

the Monochromator Group transferred one of its neutron
diffractometers for crystal testing, T13C, to the
neighbouring Siloé reactor. This proved extremely valuable
for ongoing work of the group, and the long list of other
users underlines the need for general purpose instruments.
Nevertheless, the moderate beam quality and the limited
availability of the beam made it desirable to transfer this
year the complete second test diffractometer Т1 ЗА to a beam
position at a cold neutron guide at the LLB reactor at Saclay.
The instrument is now installed with a fixed take-off angle
of 90° for the primary diffractometer, but different
monochromators such as HOPG, and Si 111, Si 113, and
Si 115 made from oxygen-precipitated Czochralski crystals
offer a good choice of wavelengths and resolutions with
a very good beam quality. Monochromator components
measured so far include Si crystals for applications
in backscattering, HOPG for D20, Be-project, Ge for D2B,
and Cu for IN4C and for LLB.

The present strong request for diffraction techniques
other than neutrons puts a heavy demand on the group's
X-ray and y-ray diffractometers which have been heavily
used throughout the year. However, parts of these facilities
like the electronics and some mechanical components show
serious signs of wear. For the near future improvements/
investments need to be envisaged if these experimental
techniques are to be maintained, and alternative possibilities,
as offered for example by the proximity of the ESRF, should
be considered as well.

A new hot press for plastic deformation has been
constructed and built in collaboration with the ILL high
temperature laboratory. At present it is about to go into
the test phase. This device is mechanically much more stable

and precise than the old hot press, which has been in use
for about 25 years, but which now lacks completely the
mechanical precision and temperature homogeneity needed.

The work of the group was largely concentrated on the
manufacture of monochromators for IN4C (Cu), D2B (Ge)
and D20 (HOPG). These are three major and work-intensive
projects. For example, the IN4C monochromator needs 110
individual Cu crystals! A significant support was also
provided for IN 16. The particular question here is how
to cover the large spherical surfaces of 7 nrr for the
monochromator/analyser system with Si crystals which
should either be stress free to achieve highest resolution
or which should have well-defined stress conditions
to obtain, say, a 5-10 times increased neutron flux.

In addition the group is occasionally asked for urgent
assistance when installed monochromators fail. This year
the IN3 graphite monochromator was broken when the
instrument was modified, and the Ge monochrornator
of Dl A was destroyed due to an imploding guide at LLB.

This year the Be-project came to a formal end.
This project linked several major neutron scattering centres
(PSI, Switzerland; HMI, Germany; BNL, USA, and Tohoku
University, Japan) with the ILL and with the Max Planck
Institut at Stuttgart in an attempt to grow Be crystals suitable
for a neutron monochromator. It turned out that this goal
was much more difficult to achieve than expected in the
beginning. Nevertheless, there has been steady progress over
the years concerning both the growth of high quality single
crystals and the creation of an appropriate micro structure by
plastic deformation. These studies have been continued both
at Stuttgart and at the ILL within the framework of
a diploma thesis. It has been possible to produce a suitable
mosaicity for the required crystallographic plane with the
correct anisotropy. Recent investigations with 1 mm-thick
Be blades have shown that it is possible to approach for
larger areas the reflecting power of Cu crystals. Further
progress is expected from a continuation of the present
studies in the form of a Ph. D. thesis project which is being
carried out in collaboration with the TU Freiberg and the
MPI Stuttgart.

Another research project in collaboration with the INPG,
Grenoble, was continued successfully during this year.
it concerns the synthesis of Si | . xGe x crystals by a low
pressure CVD technique. The aim is to replace the mosaicity
of monochromator crystals usually employed by a gradient
in the lattice spacing for increased beam intensity.
The diffraction properties have been calculated recently
by a transfer matrix technique, and typical results are shown
in Fig. 7. It needs to be noted that full reflectivity over an
extended wavelength range can be built up in both Bragg
and Laue diffraction geometry by a proper choice of the
gradient of the lattice spacing. Some experimental results are
shown in Figs. 8 and 9 (page 143). Fig. 8 shows a neutron
diffractogram taken at the high resolution time-of-flight
diffractometer of the TU Miinchen for a crystal with
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deviation y from the Bragg-position

-10
deviation y from the Bragg-position

Fig. 7: Calculated diffraction profiles ofSii..flex crystals,
which have a width of the reflection profiles five times larger
than the Darwin widths of a perfect crystal, with optimized
gradients in Bragg and Lane geometry, respectively. The curves
presented are calculated for a crystal thickness often times
the extinction length. The reflection profiles for perfect crystals
of infinite thickness are shown in a deeper colour.

six Si,.xGex layers with x = 0.08, 0.14, 0.19, 0.24, 0.29, and
0.32. The main peak originates from the thick Si substrate
and the six additional maxima stem from the deposited
epitaxial layers. Their reduced intensity and increased width
is due to the fact that the thickness of the mixed layers
of about 15 цт is only about half the extinction length.
The peak position for x = 0.32 corresponds to a change
of the lattice parameter of Ad/d = 1.3 %! Fig. 9 (page 143)
shows a two-dimensional intensity plot in a colour code and
its one-dimensional projection into a longitudinal diffraction
scan of a Si].xGex crystal where the concentration was
varied continuously during crystal growth between
0 < x < 0.03. Such high energy У-ray diffraction data were
taken at both HASYLAB at DESY, Germany, and NSLS
at BNL, USA. Clearly the build-up of both mosaicity and
gradient of the lattice spacing can be seen for this crystal
whereas usual monochromator crystals after plastic
deformation only show mosaicity.

s: o.o

10 20 30

Germanium concentration x [%]

Fig. 8: Neutron diffraction scan of a Si/ .лСс\ with x = 0
(main peak from the Si substrate), midx = 0.08, 0.14. 0.19, 0.24.
0.29, and 0.32 (data taken at the high resolution time-of-flighl
diffractoineter at the FRM, Munich).

Finally it should be noted that a Workshop on 'Focussing
Bragg Optics' was organized jointly by the ILL and the
Physikalisch-Technische Bundesanstalt Braunschweig
in May. From all the contributions it became clear that there
is still a large potential for improved neutron optics relating
to new focussing principles and techniques to make
optimized use of neutron beams.

Detector Laboratory (A. Oed)
The detector laboratory staff was reduced, in the course

of the reorganization, from six to four. It was therefore not
possible to continue with all the projects which were
in progress. In particular, no further development of the new
neutron microstrip gas detector technique could be
undertaken. Nevertheless a large number of successful
microstrip proportional counter (MSPC) applications
in a variety of fields were reported at the MSPC-workshop
(Report ILL 93 GE 048) held at the ILL this year.

A position-sensitive two-dimensional MSPC detector
with charge division which was described in last year's
report was successfully tested at the PSI reactor. For the
moment the data acquisition rate is limited by the PC-based
data system to about 7 kHz. A modification of the software,
which is being implemented, will however allow data
acquisition rates of up to 20 kHz.

The prototype of the D20 large MSPC was extensively
tested, together with its VME electronics, at the Saclay
reactor last March. Very high data rates at a perfectly
constant detection probability over the entire detector
surface were recorded. Further tests during the rest of the
year were undertaken at the laboratory with a neutron
source. The latter tests revealed a modification of the
microstrip glass substrate, and hence of the detection signal
amplitude, in the course of the last nine months. To avoid
this problem in the future, a thin electronically conducting
glass coating is envisaged. Promising tests have already
been undertaken by the glass manufacturer. The general
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future solution to this problem will be the regular use
of electronically conducmig glass substrates, instead
of the ionic-conduct )T glass used in the D20 detector.
The two-dimensional MSPC mentioned above is already
equipped with electronically conducting glass substrates
for the microstrips.

The ILL cryogenic laboratory has designed and delivered
a • He distillation and purification unit which operates very
satisfactorily (see Fig. 10 and Fig. 14 on page 144).

The detector group is also involved in the construction
and further development of multiwire detectors. The
following detectors were renewed or repaired: the gas charge
of the IN 15 multidetector had been polluted and was
replaced. The opportunity was taken to pre-stress the entry
window using a double-electron-beam weld technique in
order to reduce its deformation. With the new filter gas
( 1 bar 3He + 03 bar CF4 instead of 1 bar 3He + 0.5 bar C,HS)
the window deformation is reduced from 7 to 3 mm.

The D15 multidelector has been reopened and two anode
wires were found to be slack. All the anodes were rewired.
After remounting and tests (D. FELTIN, Charactéristiques
du multidétecteur de D15. DIM-93/022-DF) this detector
was lent to HMI Berlin.

The Saclay mullideleclor was repaired at ILL (under
guarantee). The 128 x 128 cell detector (1.5 mm spacing) had
a deformed entry window and a cracked cathode glass plate.

Both this multidetector and the IN 15 one have passed
successful neutron tests and the detector casings are being
closed by welding.

Multilayer Laboratory
(I.S. Anderson, O. Schàrpf)

Both evaporators have been used continuously
throughout the year for the production of Co/Ti polari/.ers
and Ni/Ti supermirrors. In addition to meeting in-house
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Fig. Ill: Piil.w lieixln spectrum of the ''He detection miction
measured in the laboratory with tin Ant-Re neutron suture and 'fie
,t,'(/.v recovered ami purified using the new cryogenic unit.

demands, polarizing benders were supplied to the National
Institute of Standards and Technology, Washington D.C. and
the Physikalisch Technische Bundesanstalt, Braunschweig.
Supermirrors for a focussing device were also produced
in collaboration with the Technical University. Munich.

Although it had been foreseen within the modernization
programme to purchase a new sputtering facility, hopes
to improve the multilayer quality were dashed when the
modernization programme was stopped. Fortunately the ILL
has signed a collaborative contract with the University of
Evry. permitting the installation at ILL of a 'state of the art'
sputtering facility recently developed for X-ray multilayers
at the Laboratoire d'Électronique Philips (LEP).

The facility (see Fig. 11 on page 144), consisting of a
UHV chamber with four RF sputtering positions, load lock
module, on-line kinetic ellipsometry, quadrupole gas
analysis and a multitude of ancillary equipment was
dismantled by W. Graf together with the LEP staff
and delivered to ILL at the end of April. The installation
and commissioning of the primary functions: vacuum, water
cooling, RF power, ellipsometry, were carried out during
April and the first films deposited at the beginning of June
(see Fig. 12 on page 144). In addition to significant
improvements to the basic programs, notably
simulation/fitting of ellipsometry traces (see Fig. 13) and
PC-based control of the quadrupole gas analyzers, a number
of technical modifications have been made to the facility
to enable the deposition over 30 cm-long substrates.

deposition of an iron film
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и

-0.5
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Tan (\|/)
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rig. /.?: On-line ellipsometry essentially determines the complex
index of refraction of a film hy evaluating the ellipsicity of
polarised light after reflection. The variables 4/and Л characterize
the dielectric function of the deposited layer and its thickness.
The figure shows the ellipsomelry trajectory during the deposition
of an iron film onto glass. The deposition follows the direction
of the arrow, each point corresponding to a step of about I.5Â.
The first pan of the curve can he simulated hy an amorphous Fc
film containing a 20'/i mid fraction. At a thickness offiOA a sudden
step in the trajectory can he seen, corresponding to spontaneous
crystallization of the film. After crystallization the trajectory
can he well simulated hy growth of a dense film with the refractive
inde\ of pure iron.
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Presently (he hardware is being adapted lo cater for 20 cm-
wide samples and the optimization of the uniformity shields
is in progress.

Furthermore a series of ex-situ analysis techniques has
been set up to characterize deposited films including
mechanical profilometry, quartz thickness monitors,
spectroscopic transmission and X-ray reflection. We are thus
ready to achieve our aim: the production of significantly
improved supermirrors for the neutron optics of ILL.

Cryogenics (D. Brochier)
Standard Cryogenics

The campaign for repair, modernization, and tests
of standard ILL cryostats has been continued. The new
model of sample holder, with a much shorter response time,
is being generalized. Following previous development,
a pneumatic cold valve has been perfected and is
progressKely installed on all standard cryostats. The
assembly and testing of a special liquid nitrogen cryofurnace
has been carried out. The Cryopad 2 (for neutron
polarization analysis) has been assembled, tested and put
into service (for the standard cryogenics part). Assistance
has been provided for the drawings of the precession coils.

Assistance has been provided to other groups, for example:

• Construction, assembly and testing of a halogen mirror
furnace:

• Welding for the Reactor Division;

• Preparation of experimental devices for the ESRF;

• Temporary secondment of a technician for
the installation of the new beam shutters, and re-installation
of fluids distribution on experimental areas;

• Assembly of an ultra vacuum bench for 3He cells
(neutron polarization by polarized ^He project);

• Study, assembly, final testing of a cryogenic • He
purifier for large quantities of -'He, see Fig. 14 (page 144).
After some assistance for the commissioning, the Detector
Group routinely operates the system.

Very Low Temperatures

The SERC dilution insert has been repaired and re-tested.

The bottom section (heat exchangers, 1 К pot, still)
of the 5 mK dilution fridge has been recently delivered
by the CRTBT. It has been assembled with the thermometry.
It is currently being tested.

The collaboration with A. Benoit (CRTBT) on the
development of a new a-gravitational dilution technique
has been continued, and has shown very interesting results:

• Bolometers for the TESTA GRIGIA telescope have
been characterized, with N.E.P. of 10"16 watt Hert7/I/2.

• The system can be operated starting from temperatures
up to 10 K. This result is of great practical interest, as much
for space applications as for use on 4-circIe diffractometers.
Studies are being carried out to extend the system by using
standard cryo-coolers and thus saving liquid Helium.

Cryomagnets

• During a loan to the LLB, the TAS magnet has shown
a permanent decrease of performance, from 6 Т to 4 T.
Up to now the reason for this failure has not been identified.

• The two TASSE magnets (spin-echo) have been tested
satisfactorily, each for a period of one month. A system of data
acquisition and alarms is being developed, in collaboration
with the Instrumentation Branch.

• The Zeeman polarization cryomagnet has been
commissioned. Due to a leak, the cryostat had to be returned
to the factory (Oxford Instruments). The final performance
accords with the specifications.

• The study of a small asymmetric split pair cryomagnet
has been undertaken. A magnetic field of 2.5 Т or 3 Т is
expected, in a useful diameter of 50 mm, and a useful gap
of 40 mm + 5° for the neutron beam divergency, the zero field
point being out of the beam. This magnet would be mounted
in a standard 'orange' cryostat. A call for tender has been
issued. First replies give a clear indication of the feasibility
at fairly low cost.

Temperature Measurement and Control

Development of the new ILLSEC (ILL Sample
Environment Controller) has progressed. A prototype was
delivered in the middle of 1993 and since then the software
has been advancing steadily and hardware modifications
made as problems or errors were encountered. Some
manpower constraints mean that the projected delivery
timetable may be retarded but every effort is being made
to avoid this.

Contact has been made with the Laboratoire
d'Automatique de Grenoble and it has been agreed that
a newly qualified engineer will spend six months at the ILL
to help develop an auto-adaptive control algorithm
specifically designed around the ILLSEC. This will mean
that the instrument will take advantage of 'state of the art'
control theory.
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High Temperature - High Pressure
Laboratory

The activities of this group have been slowed down
because the staff have been directly involved in the reactor
refurbishment project.

Furnaces

The optical (quartz) furnace has been terminated and
tested. A new 2000 К furnace has been developed, built
and successfully tested. Three 2000 К furnaces together
with spare resistors have been built and delivered to HMI
and PSI. Several experiments with ILL furnaces have been
performed at LLB, HMI and DESY. Each time
the laboratory gave full technical support. A 1200 К furnace
including a 3 tonne uni-axiul pressure rig is under
construction for the ILL Monochromator Group.

High Pressure Sample Environment

Pressure equipment has been lent to the Labor fur
Neutronenstreuung ETH Zurich, in particular pressure cells,
a 15 kbar pump, an orange cryostat and a high pressure
He gas generator. During 1993 this equipment has allowed
former ILL users to perform experiments initially scheduled
at ILL for summer 1991. One ILL technician and one
engineer were on leave several times to PSI in order to assist
with the use of the high pressure He gas generator.
The results obtained have been published.

Instrumental Techniques (B. Hamelin)
The aim of this group is to assess the efficiency

of essential instrument components by simple diagnostic
devices, to propose and design improvements of the
instrument performance and of its user-friendliness.
We identify a variety of actions to focus our attention on:

• Analysis and better knowledge of neutron beam
divergence, spectrum and beam profiles;

• Improve sample-positioning techniques inside
environment devices;

• More general use of neutron imaging techniques
to ease aligning, sample quality checks by on-line topography;

• Use of a novel y-ray imaging technique (patent Bastie,
Hamelin) with a high-energy X-ray tube (200-400 keV)
as a source. This allows quasi instantaneous volume
characterization (mosaicity, parasitic grains) and easy
sample alignment and orientation, even inside a cryostat or
furnace. It will also prove valuable for the quick alignment
or checking of composite monochromators;

• More generalized use of modern robotics
on our instruments.

The Instrumental Techniques Group offers help to all
instrument scientists to improve the performance and
to optimize the use of beam-time of the instruments.
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Coll. 9h - Fig. 5: SANS pattern (raw ilutii) of и semidihite
/winner solution (polystyrene, Mn.=5I4000 g/mole,

solvent iïi-iiclylplithalate. concentration 9r/r n/ir.
température 7=25 °C), measured at PAXY, LLIi. Solution

in laminar shear flow at a gradient
of y =300 x~ ' (the light spot in thé mitlille

oj the detector is due to the primary neutron beam stop).
See report p. 98.

-D.V- NFP - Fig. 3: The UCN source.
See report p. 107.

I

^L
• I
^®

Mambo (I

Ф Storage Trap
@ Prestorage \folume
® Abtorblno Roof
<X Pteton
® MovabteSfctewall
ф DeadVbfcjme
&• Shutters
С Entrance Guide
® Neutron Guidée
là Detector for Stored Neutrom
ОТ MonrtorE>etector

-DS- NFP - FIK. 4: Schematic view of MAMBO II.
See report p. 108.
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—DS- DIP F - Fig. 1: Ethane molecule inside ч zeolite
cage visualised with the CERIUS cristallographie

software on one ofllie Diffraction Group Si/con
Graphics Unix workstations. See report p. III.

-DS- DIFf - Hi-. 2: Data from a 'real-lime'
experiment on Dill, where ч diffraction pattern
has been collected every minute a.\ lite sample
undergoes a subtle phase transition on healing,
as visualised in by Iris Explorer. See report p. III.

-DS- DIFF - Fig. 3: Iris Explorer
maps of the unpaired electron

distribution in KrfMnOj)->fn»n
polarized neutron diffraction data:

the maximum entropy re-construction
(fig. h) eliminates the spurious

oscillations in the standard Fourier
inversion (fig. a). See report p. III.
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DPT - Fig. I A: Family photograph of the neutron guides team.
From left to right: P. Ageron. W. Kaiser, J.L. Coquin, A. Cumin,
R. Gamtelli, P. Labonne (C1LAS), S. Machicoisne (CIIAS).
See report p. 128.

DPT - IB: Photograph of the new mechanical support
with the seven HI guides. The two new cold neutron

guides NGI2 and NGI3 are on the left hand side.
See report p. 128.

DPT- Fig. 3: The housing of the D20
banana mull/detector opens in two pieces:
Michel Bemeran stands at the side
of the front part on the final aluminium
support which will be used at D20
mi a 'Tanzboden'; the back part
is mounted on a special strong support
(yellow) used during the construction
phase for the mounting of the 50 glass
plates composing the 1600 cells,
for their precise adjustment and for
the operation of closing the housing.
See report p. 129.
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DPT - Fig. 4: Results of finite element calculations
of the chopper disk of the TOF spectrometer IN5:

disk rotating at 20,000 r.p.m. with a window at the
periphery. Fig. 4a shows the stress distribution.

Fig. 4b shows the deformations. The window opens
under the effect of rotation by O.IK mm which is

unacceptable for the INS resolution.
See report p. 131.

О/Т - Fig. 9: 2D diffraction profile (bottom)
and ID projection {top) taken by high energy X-ray

diffraction of a Si/.xGef gradient crystal
with 0<x< 0.03. G is the reciprocal lattice vector.

The green line is a Lorentzian fit to the instrumental
resolution function. The red model calculation has an

arbitrary vertical scale factor. See report p. 136.
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DP'/'-Пк. II: Werner Graf in /'mill
ofilie new \puiirring facility n/ienited
in collaboration with the University oj /;Yn.
See i'e/>tn'l />. 137.

Df'l - Fix. 12:

A view iiHiiile
the deposition chamber
with tin Argon pla.Miui
illuminating tile xnhstrate
currier. Нее report p. 137.

DPI - fit;. !•(•' Cryogenic le purifier
jur luri>c ytianiitU'b к/ '//с.

II.I
(Current I'ntvs)

/M - Table I:

The ILL Rtttiftt't 1979-1995.
See rc/wrt p. /55.
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(DR)

The organisation of the DR remains essentially the
same as last year. In the following the main emphasis is
on the reactor refurbishment. The Project Group acts as
client for the project and reports to the Head of the
Reactor Division. The complete structure is defined by
the following organisation chart.

Dismantling

Conditioning of the reactor block

The reactor block was removed from (he reactor
swimming pool on 24 November 1992 (Fig. I) and placed
on the cutting machine platform. Conditioning started in
position with the cutting off of the upper structure tubes with
the aid of special tools. This work continued during the

/•"/д. /: Transfer nftlic t/ltl rcacliir vessel to lite sltmtxe pool
with iisbislaiHV "JO. Hamiet, Л. Rimel, E. Manniiw,./. Correanl,
M. Selvii../. l-'imml, M. Mollier.
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whole of 1993. Fig. 2 shows the support which was located
in the storage pool. The upper part of the machine was
delivered and assembled during the first half of April and the
cutting work on the reactor block started on 19.4.93 (Fig. 3).
The cutting up eonti lued satisfactorily (Fig. 4). and was
completed on 16.12.93 by the removal from ihe storage pool
of the base flange of the reactor block (Fig. 5). At present

Fig. 2: The big turntable in the murage poi>l before
the old reactor vessel was placed on it for cutting up.

there remains only the conical base of the reactor vessel,
which will be positioned on a new platform and dealt with in
the storage pool early in 1994 (Fig. 6).

Waterproofing sleeves

The stainless .steel sleeves which cross the reactor
swimming pool, separating heavy from light water, were
removed after cutting up the bellows.

When the structures of the reactor block were removed,
geometrical readings were taken of the position of the different
items, waterproofing sleeve axis for the control rod, centre of
waterproofing sleeves for the chimney and the cold and hot
sources. These records are necessary at the reinstallation stage
to ensure the immediate identification of the geometrical
tolerances in relation to the previous system of axes.

Fig. 4: The cutting process in a very advanced state,
a) The upper anti-turbulence grid covered with sawdust,
h) The lower anti-turbulence grid, last piece to be removed.

Fig. 3: The cutting machine attacks the upper pan
of the reactor vessel.
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Fig. 5: The bottom flange of the old reactor vessel wax taken mit in one piece. C. Sevos. G. Malouillot, J.L Beguet (from left to right).

Assistance and radiological records

Wherever there was a radiological risk, health physics
staff gave continuous assistance in the operations. It may be
noted that at all points involved in the work on the reactor
the human factor has been very important in obtaining
positive results.

Waste disposal

All the radioactive parts coming from the reactor zone
which are not intended for réutilisation are treated as
radioactive waste. Optimisation of the waste from cutting up
and from processing of chips resulting from the cutting up is
an everyday concern which requires intensive work and
reflection in order to obtain satisfactory results.

Radiological results

The doses for the operators were low, corresponding
to a small fraction of the legal limits.

Fig. 6: The' conical part of the reactor vessel.
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Reconstruction

In parallel to the work of removing the reactor structures,
1993 was characteri/.ecl by the work of reconstruction and
renovation. The most important work concerned the reactor
block and the swimming pool.

Reactor block

The different parts of the reactor vessel are being
assembled to form the reactor block, which will be delivered
to ILL early in 1994. Over the year 1993 the reactor block
was taking shape, identical to its predecessor, see front cover.

All the work took approximately 40 000 man-hours
during 1993.

Turned-down grid

The hydraulic studies necessary to define a new anti-
turbulence grid for the heavy water came up with a new
'turned-down grid' design with the advantage of the
possibility of easy replacement by removing it from the
reactor through a tube in the upper structure. This new «rid
(Fig. 7) was installed in the reactor vessel during
construction together with the fuel element support.

Beam tube thimbles

The reconstruction of the beam tube thimbles (Fig. 8) is
based on recovery and re-machining in the ILL workshops
(Fig. 9) of the rear parts recovered on dismantling and the
welding of the front parts (Fig. 10) as new replacements.
This operation started again in April 1993. and finished in
November 1993, and covered the production of 10 beam
tube thimbles. For the remaining positions existing beam
tube thimbles will be utilised.

/•'/.i;. Л': A hi'iim tube ihinible under leak test. J.I-'. Guriii-Ciichet.
J. Pellegriim. J.I'. Gonellu. C. YUCCH:.

Fig. 7: The tumed-dmvn
grid far lite ней' re.wl.

Fig. '/• Marc Liicalel/i in lite ILL workshop reshaping

a heiinitiihe iliiinhlf.

Coupling sleeves

The coupling sleeves are the link between the structure
of the reactor vessel and the external flange sysiem. After
numerous forming, welding and tensile tests on formed
convolutions and after metallurgical structure examinations,
ordering and manufacture of the bellows have been
completed. All the bellows have now been delivered.
The manufacturing processes and the welding procedures
have been qualified and the initial deliveries are expected
early in 1994.
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/•';.!;. 10ч: .1.1'. Gonella ami his colleague
././•". Gitrin-Citchcl M'cltl/nt* ti betimliihe thimble.

/•7,1,'. lOh: Close-up of the welding procedure.

Reactor .swimming pool

As a preliminary to any work in the reactor

swimming pool, the lining has hccn

decontaminated (see Fig. 1 I ), the ambient

radioactivity being now very low, such that

manual work can be carried out without any

particular radiological protection.

The lining was inspected in February/

March 1993, and no significant defect was

found in its structure (Fig. 12).

rig. 11: The swimming pool lining under inspection.

Fig. 12: J.P. Ganlier-Maiirin. .1. Gangi. L. Melesi. K. Slmpiano.
С Yocco- and li. I'oclel <it the bottom of the reactor swimming
pool after cleaning, lieamliolex can be seen in the background.
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I5e;mi tube H1/H2

The coupling sleeve, internal shielding and beam tube
thimble were tested on a trial installation (Figs 13 and 14),
followed by a hydraulic test of the H1/H2 swimming pool.
The coupling sleeve is currently at the final machining stage
for length adjustment. The beam tube thimble is with the
manufacturer for verification of leaktightness.

A new housing for the in-pile guides permitting
the installation of two additional cold neutron guides was
built (see also the contribution in the chapter on the DPT,
page 128).

Chimney

The manufacture of the new chimney is progressing
normally. The stainless steel part is currently at the
ultrasonic inspection stage, and the timetable and analytical
requirements have been respected. The zirconium part will
be delivered in accordance with the overall timetable for
reinstallation.

Stainless steel waterproofing sleeves

The waterproofing sleeves which ensure leaktightness
between the reactor swimming pool tank and the external
flange system have been cut up (Fig. 15), in order to change
the stainless steel bellows. The rear part has been recovered
and the nose flange welded and machined in the swimming
pool (Figs 16 and 17).

Fig. 13: Inner end of the H1/H2 beam tithe.

Fif>. 14: J.L. Durieit ami F. Sainl Sunlicc verify llie dimensions i>j'HI/H2 relative to a model of the reactor vessel.
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Work was completed in September 1993 with the replacement
of the boral shielding on the noses and the hydraulic test of the
swimming pool, which was completely satisfactory.

Painting of the reactor shell

Between August and November the metal shell changed its
appearance (Fig. 18). The sanding and the three coats of paint on
the external and internal parts were completed. Final acceptance of the
work and pressurisation of the annular space took place in
mid-December 1993.

Fig. IH: Repainting of the reactor shell.

Fig. 15: A new stainless steel bellows is welded to the outer purl
of the beam tube by S. Millier anil F. Millier.

V-

Fig. 16: P. Massafra welding
the inner pun of a new stainless
steel bellows from the swimming
pool side.

Fig. 17: F. Miiller verifying
the dimensions of a beam tube
in the reactor swimming pool.

Mechanical maintenance

In parallel with the replacement of the central
reactor structures, maintenance work on other parts
of the installation, such as circuits, handling
systems, safety devices and controls were carried
out in 1993.

Electricity, electronics

The long reactor shutdown has been utilised for
carrying out in depth maintenance on all the
electrical and electronic installations in the reactor.

A new electrical control installation for
primary and secon !ary beam shutters has been
installed for the neutron beams on guides HI, H2
and H5. The racks for safety circuits, safely rod
controls and high power safety circuits have been
reorganised and renovated.

Work is well advanced on a network to
improve fire detection and extinction in the reactor
building and the associated facilities.
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Studies and Metrology

Studies of metal seals

The parameters necessary to obtain leaktightness by
compression of metal seals (Fig. 19) have been determined
and fried out, and (he tightening procedures are now known,
ILL having carried out these tests.

Modelling studies

Models of the hot and cold sources and patterns for the
fuel element and safety rods have been built: these are used
for the geometrical verification of the equipment of the new
vessel.

Metrology

The geometrical checks on the beam tubes (Fig. 20) and
of the reactor block support made it possible to go back to
the original tolerances with very satisfactory results. The
equipment used made it possible to transfer the coordinates
of the swimming pool site to the supplier of the new reactor
block for the machining and assembly of the reactor block
(Fig. 21 ) before its despatch.

Fig. /9: Hydraulic tightening devices used to close the top
of the new reactor vessel.

Fig. 20: Geometrical checks on the beam lubes by F. Saint Saplice
and G. Signoretti.

Fig. 21: F. Saint Snplice am! A. Rimet verifying dimensiims inside
the new reactor vessel.

Budget and Timetable

The budget approved by the Steering Committee for the
reactor refurbishment project is still unchanged.

The timetable has been respected as a whole, and all the
major steps for the year 1993 were respected. A minor delay
is anticipated for the delivery of the reactor block. The
timetable for the restart of the reactor remains as originally
planned at the date of July 1994.
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Following the general development of the Institut, there
was a change in priorities for the Administration. Support
for the refurbishment of (he reactor remained the main task,
but during the year emphasis shifted to measures preparing
the resumption of the normal scientific programme with the
reactor restart, in particular the implementation of personnel
policy measures and the reorganisation of the Institut.

A new staff complement target of approximately 400 has
been accepted as the minimum necessary for normal
operation, and as the maximum possible within expected
contributions to the budget. Measures to reach this goal
included - for the first time in the Institut's history - a
limited number of redundancies for economic reasons for
staff above a certain age level (56 years and 2 months)
combined with an early retirement scheme. This step
enabled the Institut to proceed with the necessary
recruitments, in particular in the scientific sector, which has
decreased considerably in numbers under the non-
recruitment policy introduced during the reactor
refurbishment.

The reorganisation of the Institut on 1.7.93 affected all
sectors. Reorganisation took place in the middle of a
running budget year. While maintaining the old budget
structure for the whole year 1993, responsibilities for
expenditure authorisations were redefined for the period
between 1.7. - 31.12.93, taking account of the
reorganisation. This procedure proved to be effective.

In the course of the reorganisation the Administration
Division was augmented by a number of technical services
(Telecommunications, Management Information Systems,
Building and Site Maintenance). They were integrated into
the Division, which henceforth will be organised in four
services:

- Finance and Management Information Systems (MIS):
the MIS Group has been combined with the former Finance
Group (budget, accounting).

- Purchasing: this sector which is also responsible for the
stores, transport and customs, has now been organised as a
separate service.

- Personnel and Human Resources: in addition to its
previous tasks, this service will now also be responsible for
Telecommunications (telephone, fax).

- Building and Site Maintenance: this infrastructure
service has been transferred without affecting its internal
structure and purpose.

The Administration now comprises in addition to the
areas of personnel and finance all the technical support
functions of a general character. Within the future total staff
complement target of the Institut the Division will consist of
63 staff.

The Division provided the secretarial for the two
meetings of the Steering Committee on 1/2 June 1993 in
Abingdon (UK) and on 24/25 November 1993 in Grenoble.
The Subcommittee on Personnel Questions met on 7 April
1993 and the Subcommittee on Reactor Refurbishment had
three meetings (4 March, 24 June, 18 October 1993).

The Head of the Administration continues to meet
regularly with the Director of Administration of ESRF to
settle questions of common interest. There were also several
meetings with EMBL representatives to prepare the
extension of the ILL/EMBL building (ILL20), as planned by
EMBL. The legal instruments for the extension have been
finalised. Construction will start in 1994 and result in 800 to
900 in2 of additional laboratory and office space for the use
of EMBL. ILL and ESRF staff and users will have
possibility of access.
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Finance and Management
Information Systems
Implementation of the 1993 Budget

The first priority of the 1993 budget was the successful
continuation of the refurbishment of the reactor. The other
activities of the Institut aimed at maintaining the existing
scientific and instrument potential of the ILL, completing of
instrument projects and preparing for the restart, in particular
as regards the reinstallation of instruments. Total
expenditure is expected to amount to 323.8 MF, comprising
a normal budget of 229.2 MF and the setting up of a reactor
reserve of 94.6 MF, which alone represents 29 % of the total
budget. It is assumed that 60.7 MF of this reserve will be
spent in 1993, thus leaving a balance in the reserve of
33.9 MF at the end of 1993.

The following table shows the changes in expenditure
between 1992 and 1993:

Expenditure
1992

MF %
1. Staff costs
2. Fuel elements

Consumables
Long term supplies
and services
Short term supplies
and services
Travel
Miscellaneous
adm. costs
Taxes and fees

3. Operation
Buildings
Equipment
Instruments
Other investments

4. Total Investments
5. Normal Budget

(1-4)

173 759
9926

15739

6929

7048
2038

2874

945
35573
2950
2 133

11 761
4937

21781

241 039

Reactor refurbishment:
6. Setting-up ( 6 5 4 0 0 )

of reserve
7. Expenditure
8. Balance of reserve

at end of year
9. Additional reserve
10. Total expenditure

(S + 7 + 8 + 9)

38728

26672

2943
309 382

56.2
3.2
5.1

2.2

2.3
0.7

0.9

0.3
11.5
0.9
0.7
3.8
1.6
7.0

77.9

21.1

1.0
100.0

Estimated
expenditure

1993
MF %

167 561
7700

15455

6906

7798
1 797

2765

1374
36095

0
1695

10889
5297

17881

229 237

(94 600)

60700

33900

51.7
2.4
4.8

2.1

2.4
0.6

0.9

0.4
11.2
0.0
0.5
3.4
1.6
5.5

70.8

29.2

-
323837100.0

Change
92/93

%
-3.6

-22.4
-1.8

-0.3

10.6
-11.8

-3.8

45.4
1.5

-100.0
-20.5
-7.4
7.3

-17.9

-4.9

44.6

NC
4.7

Staff costs diminished by 3.6 % compared to 1992 as a
direct consequence of the personnel policy initiated by the
Management in order to adjust to the particular situation
during the refurbishment and to prepare for the resumption
of normal scientific work after the reactor restart in 1994 (cf.
section on personnel management and human resources
below). The total staff in post decreased from 421 at the end
of 1992 to 382 at the end of 1993.

Fuel costs were reduced by 22.4 % compared to 1992,
because there was less expenditure for the interim storage of
the 18 irradiated fuel elements at Cadarache (where major
expenditure on storage facilities had occurred in 1992). Fuel
element production remained at 1 element per year. As in
1992 there were no new uranium purchases, nor expenditure
for reprocessing.

Taking account of the reactor shutdown and the absence
of scientific experiments, operation costs remained
essentially at the same level as in 1992. The slight increase
of approx. 1.5 % compared to 1992 can be explained by an
increase in taxes and additional expenditure for the
reinstallation of instruments.

Investments within the normal budget decreased by
17.9 % compared to 1992. This decrease is due to a large
extent to the building sector where after the completion of
the guardpost and the joint ILL/ESRF building in 1992 no
new projects were undertaken. Scientific investments were
reduced by 7.4 % to 10.9 MF; main investment projects
were IN4C, PN2 (GAMS5), beamlines H1/H2 and the
development of the polarized 3He filter. The increase of
7.3 % in the sector of "other investments" is due mainly to
the UNIX conversion programme in computing.

As planned, the implementation of the 1993 budget
permitted the setting-up of a reserve of 94.6 MF for the
refurbishment of the reactor of which 60.7 MF will be spent
in 1993, thus leaving 33.9 MF at the end of the year to be
carried forward. The Management expects that the
anticipated overall external expenditure of 173.1 MF for the
refurbishment of the reactor will be respected. The project
will be finished in 1994. Expenditure in 1994 is fully
financed by the carry-forward of the reactor reserve
remaining from the years 1991, 1992 and 1993.

The normal budget decreased from 241.0 MF in 1992 by
about 5 % to 229.2 MF in 1993. This decrease affected
particularly staff costs, fuel elements and investments,
whereas operation costs increased slightly.
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Income - Comparison of 1992 and 1993 Budgets

Income

Collaboration
wilh ESRF
ILL's own income
Spanish
contribution
Swiss
contribution
Austrian
contribution
Associates'
contributions
Carry forward
92/93
Utilization
of interest
Additional carry
forward 92/93
Total

Income
1992

MF %

1469
11 687
4650

4650

1 550

287 250

- 1 874

309 382

0.5
3.8
1.5

1.5

0.5

92.8

-0.6

100.0

Estimated
Income

1993
MF %

1 450
3093
4859

0

1 620

304 062

2943

3936

1874

323 837

0.4
1.0
1.5

0.0

0.5

93.9

0.9

1.2

0.6

100.0

Change

%

-1.3
-73.5
+ 4.5

NC

+ 4.5

+ 5.8

NC

NC

-

+ 4.7

The contributions of the Associates amounted to 304 MF
which represented approx. 94 % of the ILL income. Among
the scientific members, Switzerland did not prolong its
contract with the ILL in 1993, due to the reactor shutdown.
Negotiations for a new contractual basis with scientific
members - Austria, Spain ar.H Switzerland - after 1.1.94
have been held in 1993 an.: !!•£ respective contracts are
expected to be signed soon.

As regards other sources of income, the 73.5 % reduction
in "ILL's own income" resulted from the request of the
Associates - following the practice at ESRF - to distribute
interest earned by the Institut to the Associates, unless the
Steering Committee decides to allocate them to the annual
budget. The Associates, however, allow interest earned on
particular funds (e.g. reactor reserve) to be credited to the
respective fund, and in 1993 they also agreed that 3.9 MF of
interest should be used to finance additional expenditure for
the early retirement plan within the normal budget.

Forward look

The year 1994 is characterized by the completion of the
reactor refurbishment project, the preparation for the
resumption of the normal scientific programme, including
reinstallation of instruments, the actual restart of the reactor
in the middle of 1994 and the pursuit of the personnel
policy, including the early retirement programme and a
major recruitment effort in the scientific sector. The 1994
budget adopted by the Steering Committee on
25 November 1993 with a total of 346,6 MF comprises a
normal budget of 264,0 MF and expenditure for the
refurbishment of the reactor of 73,7 MF.

Overall survey: the ILL Budget 1979 -1995

Table 1 (page 144) gives a survey of the development of
the ILL budget between 1979 and 1995 at current prices,
according to categories of expenditure. For 1994 the
approved budget and for 1995 the proposed draft outline
budget have been used. The survey shows in particular how
expenditure in the normal budget (staff costs, investments,
operation and fuel) has been reduced since 1991 to facilitate
the financing of the refurbishment of the reactor.

Management Information Systems

In the framework of the reorganisation on 1.7.93 the
Management Information Systems Group was transferred
from the former Computing Department to the
Administration Division where it is part of the Finance and
Management Information Systems Service.

On the technical side, the continued implementation of
the UNIX plan in the context of the client-server architecture
led to the installation of a new HP/UX server, the shutdown
of the MISSILL system (based on an old PDP11), the
introduction of an increasing number of PCs, incorporating
word processing functions and access to data bases, while the
stock of Macintoshes remained almost unchanged.

As regards applications, the interest of the "site" base led
to an increase in the number of access points (ILL and
ESRF) and the gradual connection of dependent applications,
particularly in the fields of personnel management, medical
surveillance and scientific work. Other developments have
been implemented using PC software such as Excel, Paradox,
Access, etc.

In the future a major task of the Management Information
Systems Group will consist in the introduction of a new
software system package for the finance/budget/ purchasing
sector. Preparatory work for this programme will start in 1994.
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Purchasing
The Purchasing Service was involved in all commercial

aspects of the reactor refurbishment project, and negotiated a
number of other purchases mainly in the scientific and
technical sectors.

Reactor Refurbishment

Purchasing continues to cooperate closely with the
Project Group for the reactor refurbishment. In March, two
major orders for the coupling sleeves of the reactor were
placed; one half with ROLLS ROYCE THOMPSON (GB)
and the other half with NEYRPIC FRAMATOME
MECANIQUE (F). The bellows which will be fitted to the
coupling sleeves have been ordered from WITZENMANN (D).

The last major orders for the refurbishment of the reactor
were approved by the Subcommittee Refurbishment in June
1992. These three orders were placed as follows:

- WORMALD (GB) for the fire protection system,

- FORWARD INDUSTRIES (GB) for the central
chimney,

- BARRIER (GB) for painting of the reactor building.

Several orders of smaller value were placed, notably, the
nuts and bolts for the reactor block have been ordered from
AUBERT et DUVAL (F). The contract for the manufacture
of the folded-down grid and its diffuser was awarded to
GIROD SISA (F); the grid was sent to ZEPPELIN (D) for
assembly into the reactor block.

Other purchases

Other major purchases for the Reactor Division were
financed from the normal budget; NOELL (D) were awarded
the contract to refurbish the rail of the overhead crane in
level D of the reactor building. The control system of the
reactor will be completely replaced; BULL (F) were selected
for supply of the computer system and SIEMENS (D) for the
programmable controllers.

The in-pile mechanical parts of the neutron guides HI -
H2 will be replaced before the re-start of the reactor. PINK
ENGINEERING (GB) was selected for the manufacture of
these parts.

For the instruments, the most notable purchases were for
the high priority "time of flight" neutron spectrometer IN4C.
GLACIER (GB) won the order for the magnetic bearing
suspension systems for 1N4C neutron choppers, whereas the
motors for these choppers are being supplied by AUX1LEC (F).

In the Computing area, the acquistion of a DEC - alpha
machine was most significant. By stopping the maintenance
contract on the VAX 8700 the resulting savings are being
used to lease the DEC - alpha computer thereby maintaining
the central computer services' capacity for VAX-VMS
processing and allowing a smooth transition to UNIX.

Distribution of purchases in the member states

Whenever possible, for major purchases, an international
call for tenders was carried out; offers were compared on an
ex works basis so as not to disadvantage British and German
firms compared with local suppliers. This, together with
negotiation of discounts from regular suppliers for routine
purchases, enabled us to achieve considerable savings.

The distribution of ILL purchases (orders exceeding
50 KF) in the first 10 months of 1993 is shown below.
The figure includes purchases for which a free choice
of suppliers was possible excluding therefore the fuel cycle,
electricity and small purchases less than 50 KF. To enable a
comparison, the relevant figures for 1992 are also indicated.
The fluctuations between 1992 and 1993 can be explained
by major purchases for the refurbishment project.

Distribution of ILL purchases (orders > 50 KF)

France

Germany

United Kingdom

Others

Total

1992

MF

33.2

44.2

14.8

1.8

94.0

%

35
47

16

2
100

1993

MF

18.3

4.1

15.0

2.0

39.4

%

46

10

38

6

100

Transport and Customs

The Single European Market came into force on
1st January 1993 thus removing customs controls at the
borders within the EEC. This has allowed a freer movement
of goods within the Community, but companies now have to
do monthly declarations of all their arrivals and despatches
on a standard form which is submitted to the customs
authorities. After some teething probiems, the system works
very well, and we are now considering installing a
computerised system for these monthly declarations.

Stores

A new and more efficient system for the supply of office
stationery was introduced in 1993. Suppliers now deliver the
goods directly to the secretaries' offices every fortnight;
consequently there is now virtually no stationery held on
stock in the stores.

During 1993 ESRF has set up its own store and therefore
no longer relies on ILL's general store. ESRF does,
however, continue to use ILL's raw material store with its
special cutting equipment.
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Personnel and Human
Resources

The Personnel and Human Resources Service consists of
three groups. Personnel Management, Human Resources and
- since the reorganisation of 1.7.93 - Telecommunications
and General Services.

Personnel policy

Personnel policy was determined by the aims of
supporting the refurbishment of the reactor, delevoping
scientific expertise and controlling the staff costs budget. In
1993 the emphasis moved to measures preparing for normal
operation after the reactor restart.

The Institut continued to involve its staff as far as
possible in the refurbishment of the reactor. This concerned
in particular the staff of the Reactor Division, but in many
instances also staff from other Divisions. In addition 24 staff
were transferred internally to support the refurbishment or
perform other important in-house tasks. These measures
helped to retain staff, to enhance motivation and to control
the external refurbishment costs.

Concerning the development of technical expertise the
Management encouraged the secondment or detachment of
scientists and technicians to other research centres (in
particular ESRF, CNRS, LLB, HMI, NIST) and in some
cases to industry (e.g. SGS-Thomson, Pechiney). Overall
there were 38 cases of detachment or secondment which also
helped to make considerable budgetary savings.

Since the beginning of the refurbishment project the
Management had initiated a policy of facilitating natural
departures to control staff costs. This policy was also
confirmed by the consideration that the Institut, in view of
the expected contributions after the reactor restart in 1994, is
obliged to aim at a new staff complement target of
approximately 400 (compared to 483 staff in post at the end
of 1990). As a final step within a whole range of measures to
achieve this target and to ensure a balanced composition of
staff to operate the Institut, the Management proposed a plan
for a limited number of redundancies for economic reasons
together with an early retirement plan ("Convention FNE -
Fonds National pour l'Emploi"). This plan was approved by
the Steering Committee on 2 June 1993 and the Convention
with the Labour Authorities was signed on 23 June 1993.
During 1993 14 staff members aged between 56 years 2
months and 60 left the Institut under this scheme, and further
departures are planned for 1994. A further 8 employees
between 55 and 60, who had done shift work, took early
retirement according to specific rules in 1993.

The resulting overall staff changes and the situation on
31.12.93 are given in the tables 2 and 3. Recruitment in 1994
and 1995 is essentially aimed at the scientific sector.

Staff complement situation at 31.12.1993

Staff movements in 1993 have slightly changed
the breakdown by nationalities (numbers in brackets indicate
the situation in 1992):

French

German

British

Others

64.8 % (63.2 %)

15.5% (16.4%)

12.8% (14.7%)

6.9 % (5.7 %)

Far a comprehensive survey see Table 3.

Average age

The average age at ILL on 31.12.93 was 44.7 years.
Table 4 shows the breakdown by age and staff category.

Salaries

A salary agreement was signed by the Management with
the SA-ILL and FO unions on 4 May 1993 providing for
general salary increases in 1993 as follows:

1 % on 1 May 1993

1.6% on 1 December 1993

A meeting of the signatories will be held at the beginning
of 1994 to review the application of this agreement. An
adjustment may be made as a function of the general
economic trends and the situation of the ILL.

500-

450

о

1

с
400

350
1990 91

Table 2: Staff movements.

93 94 95
end of year

96 97 98
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DIRECTOR'S SERVICES

SCIENCE DIVISION

PROJECTS &
TECHNIQUES
DIVISION

REACTOR DIVISION

ADMINISTRATION
DIVISION

TOTAL

Staff at 3 1 . 12.92

DIFFERENCE 92/93

CADRES

G

26

8

2

2

38

39

-1

В

8

4

2

14

19

-5

F

4

13

14

6

8

45

46

-1

0

13

1

14

11

3

Т

4

60

27

8

12

111

115

•4

Average
Age

51.2

44.2

51.4

49.4

47.1

46.9

THESIS STUDENTS

G

1

1

6

-5

&

3

3

5

-2

F

0

3

-3

0

1

1

1

0

т

5

0

0

0

5

15

-10

Average
Age

25.6

25.6

NON-CADRES

G

1

7

5

3

4

20

24

-4

В

1

6

9

12

4

32

38

-6

F

11

13

65

72

41.5

202.5

217

-14.5

0

1.5

3

3

4

12

12

-1

Т

13

27.5

82

90

53.5

266

291

-25

Average
Age

42.4

45.6

46.2

43.8

42.4

44.3

TOTAL

G

1

34

13

5

6

59

69

-10

В

1

17

13

12

6

49

62

-13

F

15

26

79

78

49.5

247.5

266

-19

О

0

15.5

4

3

4

26.5

24

3

Т

17

92.5

109

98

65.5

382

421

-39

Average
Age

44.5

43.5

47.1

44.3

43.2

44.7

G: German, В: British, F: French, О: Others, Т: Total

Table 3: Staff complement situation at 31.12.1993

Professional training

French legislation requires employers to assist in
financing professional training, and 1.5 % of the payroll
must be devoted to training costs. Part of this percentage is
paid directly to the State as a contribution to the organisation
of courses for young people and also to finance the system
of leave for training. The majority of training provided in
this context for ILL staff consisted of language and technical
courses. In 1993 the conversion to the UNIX system
required a specific training effort for computing staff and
users. In 1993, 205 staff attended training courses.

International schooling

Schooling for children continues to be an essential point
in the integration of families. ILL and the other employers
concerned in Grenoble, including ESRF, have set up an
Association (Association pour le Développement de
l'Enseignement International dans la Région Grenobloise -
ADEIRG) to develop and improve the system of
'international sections' set up by the French Ministry of
Education. The purpose of this Association is to be a single
representative spokesperson vis-à-vis the Education
Authorities, and to permit a frank dialogue on individual
cases and questions such as the contracts of the teachers
in this system.

120

100

a= 80
S
tn

Ъ 60
-f 40

g 20

0

a cadres
• thesis students
• пол-cadres

total

21-25 26-30 31-35 3640 4145 46-50 51-55 5 Ш 61-65
a g e interval l

Table 4: Breakdown by age and category at 31.12.1993

Communication

There have been two issues of the magazine 'La Boîte
à Neutrons' in 1993. The subjects covered are connected
with research, know-how and other subjects of general
interest at ILL.

Telecommunications and General Services

The Joint Telephone Service continued to provide
ILL and ESRF with te lephone l ines . The ILL
radiotelecommunication systems have been modernised to
give users a better and more efficient service.This group also
provides a number of general services to facilitate the work
of all staff as regards post, reprographics, photocopiers,
errands in town, etc.

158



145

-DA- BUILDING AND SITE MAINTENANCE

Building and Site Maintenance

The Building and Site Maintenance Service is in charge
of the maintenance and modifications of the ILL site,
buildings, technical installations (except the reactor) and
experimental positions. Its purpose is to provide the
necessary technical support in this field to all sectors of the
Institut. Under the new management structure implemented
on 1.7.93 the Service is attached to the Administration
Division.

Maintenance, Repairs and Improvements

The areas concerned are: ILL site (roads and car parks,
fences, drainage system and open spaces), buildings
(structure and fittings, waterproofing) and technical
installations (electricity, plumbing, heating, ventilation, air
conditioning, handling) associated with buildings and
experiments. Systematic maintenance is planned to prevent
breakdowns, repairs are executed to minimize "down time"
and improvements are made to increase reliability. The
interventions are carried out by the group's workshops or by
external contractors.

The Service also supervises the cleaning of buildings and
open spaces, the clearing of snow and waste removal, the
supply of furniture. Due to the reorganisation it had to
organise and carry out many transfers of offices.

Constructions and Modifications

The Service designs and follows up the construction,
renovation and modification of buildings, offices,
laboratories and technical installations. In 1993 the Service
was strongly engaged in the work for the refurbishment of
the reactor. It supervised the repainting of the interior and
the exterior of the steel shell of the reactor. It also managed
the renovation of rails and structures of the main crane in the
level D of the reactor building. The workshops of the
Service, in particular the main sheet metal workshop, are
continuously carrying out specific tasks for the
refurbishment project.

To prepare the restart of the scientific programme, the
Service installed new safety barriers around the experimental
positions, carried out a renovation of the electrical
distribution on these positions and constructed shielding for
IN4C, EVA, ADAM and PF1. The Service will continue to
participate in the reinstallation of instruments.

Another important project was the installation of the new
premises for the joint ILL/ESRF Medical Service.
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Seminars
College 2

Theory
"Quasiparticle currents in one dimensional Peierls and

Hubbard models".
S. MATVEENKO, Landau Institute, Moscow, Russia.

"Quantum localization transitions in generalized polaron
models".
J. PALMERI, ILL, Grenoble, France.

"Liquid helium films: structure, growth and dynamics".
B. CLEMENTS, ILL, Grenoble, France.

"Electrons in magnetic fields".
I. VAGNER, SNCI, CNRS, Grenoble, France.

"Théorie de gap de spin dans les supraconducteurs
à haute Te : discussion des expériences de diffraction
neutronique et de RMN".
M. LAVAGNA, DRFMC/MDN, CEN-Grenoble, France.

"Unified approach to the charge/spin density waves
electrodynamics".
S. BRAZOVSKII, Landau Institute, Moscow, Russia.

"Treatment of recoil in neutron scattering from classical
systems".
G.R. KNELLER, DBCM-SBPM, CEA-Saclay, France.

"Order by disorder and spin origami in strongly
fluctuating magnetic systems".
E. SHENDER, University of Ottawa, Ontario, Canada.

"Spin supercurrents in He В under an electric field".
V.P. MINEEV, Landau Institute, Moscow, Russia.

"Ondes de densité de charge bipolaroniques".
P. QUEMERAIS, ILL, Grenoble, France.

"Enroulement et localisation d'une chaîne polymère:
influence des interactions chirales".
B. HOUCHMANDZADEH, Spectrométrie Physique,
Université Joseph Fourier, Saint-Martin-d'Hères, France.

"Crossover from BCS superconductivity
to Bose-Einstein condensation".
R. HAUSSMANN, Univ. Miinchen, Germany.

"Superconductivity and superfluidity in Fermi systems
with repulsive interactions".
M. KAGAN, Kapitza Institute, Moscow.

"First principle theory in alloy surfaces".
A. PASTUREL, Maison des Magistères, Grenoble, France.

"Vérifications expérimentales des états polaroniques".
J. RANNINGER, CRTBT, CNRS, Grenoble, France.

"Two dimensional crystallization of organic molecules
at the water surface".
B. BERGE, Spectrométrie Physique, Université
Joseph Fourier, Saint-Martin-d'Hères Cedex, France.

"Sum rules and angular dependence in photoemission".
B. THOLE, Univ. de Groningen, Germany, and ESRF,
Grenoble, France.

"Finite size magnetization and scaling behaviour
in 2D x-y magnets".
P. HOLDSWORTH, ENS, Lyon, France.

"Reversible plasticity and surface phenomena
in perfect crystals".
A.F. ANDREEV, Kapitza Institute, Moscow, Russia.

"X-ray dichroism: more sum rules".
P. CARRA, ESRF, Grenoble, France.

"Exact map of Kondo impurities onto a semi
infinite chain".
N. SCHOPOHL, CRTBT, CNRS, Grenoble, France.

"Metals in a high magnetic field: a new universality
class of marginal Fermi liquids".
V. YAKOVENKO, Rutgers University, New Brunswick,
NJ, USA.

"Negative U extended Hubbard model for doped barium
bismuthates".
A. TARAPHDER, NEC + LEPES, CNRS Grenoble, France.
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"Modèle de Hubbard avec intégrale de saut dépendant
de l'occupation des sites".
M. AVIGNON, LEPES, CNRS, Grenoble, France.

"Superconductivity in incommensurate crystals".
V.P. MINEEV, Landau Institute, Moscow
and CEN-Grenoble, France.

"Singularités dans les écoulements incompressibles".
T. DOMBRE, CRTBT, CNRS, Grenoble, France.

"Renormalization effects of vortex fluctuations
in layered superconductors".
S. SCHEIDL, Univ. Munchen, Germany.

"Vortex bidimensionnels et lignes de vortex
dans les supraconducteurs lamellaires".
D. FEINBERG, LEPES, CNRS, Grenoble, France.

"Conductivity peaks broadening in the quantum
Hall regime".
B. SHKLOVSKI, Univ. of Minnesota, USA.

"Hydrodynamics of density wave crystals".
S. BRAZOVSKÎI, Landau Institute, Moscow and ILL,
Grenoble, France.

"Achille, la tortue et la croissance des cristaux".
J. VILLAIN, DRFMC/SPSMS/MDN, CEN-Grenoble,
France.

"Pinning phenomena in superconductors".
A. LARKIN, Landau Institute, Moscow and CRTBT,
CNRS, Grenoble, France.

"Statistics of conductance fluctuations in quantum dots".
K. EFETOV, M.P.I. Stuttgart, Germany.

"Liquides de spin sur le cactus de Husimi".
B. DOUÇOT, CRTBT, CNRS, Grenoble, France.

"Nearly ideal 2D Fermi gas in a magnetic field".
Y. BYCHKOV, Landau Institute, Moscow, Russia.

"Le mouvement Brownien retrouvé, ou, comment
calculer correctement le coefficient de friction
hydrodynamique".
J.P. HANSEN, ENS, Lyon, France.

"Paired electron crystal in the low density
electron limit".
K. MOULOPOULOS, LEPES, CNRS, Grenoble, France.

"Breakdown of Fermi liquid beyond 1 dimension".
P.A. BARES, ILL, Grenoble, France.

"Points de Néel et ondes spirales dans un cristal liquide".
P. COULLET, Institut Non Linéaire, Nice, France.

"The s-wave, d-wave controversy in high temperature
superconductors".
C.M. VARMA, A.T. and T. Bell Laboratories, Murray Hill,
NJ, USA.

"Ab initio molecular dynamics studies of fullerenes
and fullerides".
W. ANDREONI, IBM, Zurich, Switzerland.

"Light ys electrons: a survey of multiple scattering
transport".
B. van TIGGELEN, Maison des Magistères,
Grenoble, France.

"Ising simulations and nucleation in cellular automata".
G. GOMBOS, Res. inst. for Techn. Physics, Budapest,
Hungary.

"Formation de structures organisées à l'état solide
en métallurgie physique: exemples et nouvelles approches".
Y. BRECHET, LTPCM, Grenoble, France.

"Le modèle de Hubbard à 2D à faible remplissage de banH<>"
Anne-Marie DARÉ, Univ. de Sherbrooke, Canada.

Collège 3

Fundamental and Nuclear Physics
"Recent experiences in preparing to dismantle

a nuclear reactor".
C. BATES, University of Liverpool and Manchester, UK.

"Ultra-cold neutron projects at pulsed sources".
A.V. STRELKOV, J.I.N.R., Dubna, Russia.

"Production of defects by neutrino recoil observed
by perturbed angular correlation".
R. SIELEMANN, HMI, Berlin, Germany.

"Space and time reversal symmetry violation
and polarized eV neutrons".
Yasuhiro MASUDA, KEK, Japan.

"Progress report on the implementation
of a thermal ion source at the ILL (PIAFE)".
H. FAUST, ILL, Grenoble, France.

"Instrument neutron activation analysis at S51".
R. OLIVER, ILL, Grenoble, France.

"Antiprotonic X-rays as a probe of the hadronic interaction".
G. BORCHERT, KFA Jiilich, Germany.

"Error assessment for future neutron lifetime
measurements with MAMBO H".
V. NESVIZHEVSKY, PNPI, Saint-Petersburg, Russia.

"A simple phenomenology of pre-collective nuclei".
N.V. ZAMFIR, Brookhaven Nat. Laboratory,
Upton, LI, USA.

"Probing low-energy collective nuclear modes
with the inelastic neutron scattering reaction".
S.W. YATES, University of Lexington, Kentucky, USA.
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SEMINARS

"A future for electron spectroscopy at the ILL".
W.D. HAMILTON, University of Sussex, UK.

"Ion beam mixing of metal/metal and metal/Nitride
layers - New perspectives".
K.P. LIEB, Univ. Gôttingen, Germany.

"A tuneable monochromatic y-ray source
at the Gent Linac".
J. JOLIE, Univ. de Fribourg, Suisse.

"Recoil-ion momentum spectroscopy: a new tool
to probe collision induced atomic reactions".
J. ULRICH, GSI Darmstadt, Germany.

"Multilayer mirror interferometer for cold neutrons".
Y. OTAKE-TAKAHARA, Kyoto Univ. Japan.

"Quality and availability of highly enriched actinide
isotopes at VNIIEF".
S. VESNOVSK1, All Russia Scient. Res. Inst.
for Exp. Phys. Arzamas-16 (VNIIEF) Russia.

"The capability of the high flux pulse reactor BIGR
(Arzamas - 16) for high density UCN production.
V. SHVETSOV. A. STRELKOV, JINR Laboratory
of Neutron Physics, Dubna, Russia.

College 4
Structural and Magnetic Excitations

"On the valence of Praseodymium in Pr-Ba-Cu-O".
V. NEKVASIL, Czechoslovak Acad. of Sciences, Prague,
Czechoslovakia.

"Investigation of phonons in Cr-iO^ on the PRISMA
neutron T-O-F spectrometer".
T. MAY, Univ. Regensburg, Germany.

"Statics and dynamics in a model for modulated
phases in AiBX4 systems".
T. JANSSEN, Univ. of Nijmegen, The Netherlands.

"Fast convolution in four dimensions: a new method
for the interpretation of neutron scattering data".
W. SCHMIDT, ISIS, Rutherford Appleton Laboratory, UK.

The problem of the convolution of the Lorentzian
and the Lorentzian squared with the resolution function.
J.E. LORENZO, Brookhaven Nat. Lab., USA.

"Neutron scattering study of CsFeClj and CsFeBrç
in external magnetic fields".
B. SCHMIDT, ILL, Grenoble, France.

"A Monte-Carlo study of magnetic phase transitions
on an FexMg].xCb model. From pure metamagnet
to random field behaviour".
Laura HERNANDEZ, Inst. Nat. Sci. Appliquées,
Toulouse, France.

"Phase transitions in disordered Perovskite-Iike
single crystals".
S. VAKHRUSHEV, A.F. loffe Physico-Technical Institute,
St. Petersburg, Russia.

"Some structural and electronic properties
of monomolecular organic layers on semiconductors".
B.A. NESTERENKO, Acad.of Sci. of Ukrainia, Kiev,
Russia.

Lattice dynamics and Fermi surfaces in metals
and alloys investigated by neutron inelastic scattering".
A. IVANOV, Kurchatov Institute, Moscow, Russia.

"Recent advances in lattice dynamics".
D. STRAUCH, Universitat Regensburg, Germany.

"X-ray and neutron diffraction analysis of dislocation
structures in polycrystals".
P. KLIMANEK, TU Mining Academy Freiberg, Germany.

"Antiferromagnetic rare-earth ordering in the high-Tc

superconductors Rba2Cu3Ox (R = Yb, Ho), RBa2Cu4O8

(R = Ho, Dy) and spin-wave excitations in Bi?CuO4".
B. ROESSLI, Paul Scherrer Institut, Villigen, Suisse.

"Investigation des verres protoniques Rb].x(NH4)x

H2PO4 avec T12+ par résonance magnétique électronique".
V. IZOTOV, Univ. de Kazan, Tatarstan, Russie.

"Influence of dilution on the critical behaviour in the
frustrated 3D Heisenberg system CdCr2(1_x)In2xs4"-
Stéphanie POUCET, ILL, Grenoble, France.

"Magnetic ordering and excitations in quantum
antiferromagnets".
A. HARRISON, Univ. of Edinburgh, UK.

College 5
Crystal and Magnetic Structures

"The first steps in a new dimension: an introduction
to the silicon graphics workstation of the diffraction group".
A. HEWAT, ILL; G. McFNTYRE, ILL; A. FITCH, ESRF;
F. TASSET, ILL, Grenoble, France.

"Incommensurate magnetic systems:
a quantitative analysis".
D. SCHMITT, Laboratoire de Magnétisme Louis Néel,
CNRS, Grenoble, France.

"Flashes of Science" (I):
"The magnetic phase transitions of MnWO4".
G. LAUTENSCHLÂGER, ILL, Grenoble, France.

"The investigation of the surface superconducting region
in lead films using polarized neutron reflectivity".
M. NUTLEY, ILL, Grenoble, France.

"X-ray diffuse scattering from rough su
interfaces and volume defects".
V. HOLY, The Masaryk University, Czechos.o, "da.
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SEMINARS

"Neutron backscattering from vibrating silicon crystals".
R. HOCK, Univ. of Wiirzburg, Germany.

"Flashes of Science" (II):
"Magnetic structures of R2BaNiO5 compounds
(R = rare earth)".
E. GARC1A-MATRES. ILL, Grenoble, France.

"Etude du magnétisme des composes
Ce2Fe,7Hx (x = 0:5) and Ce2Fe17N3".
O. ÎSNARD, ILL, Grenoble, France.

"X-ray scattering from epitaxial multilayers
and surface gratings".
G.T. BAUMBACH, ILL, Grenoble, France.

"X-ray and neutron scattering studies of oxygen ordering
in YBA2Cu206+x".
V. PLAKHTY, PNPI-CEN-Grenoble and St. Petersburg
Nuclear Physics Institute, Russia.

"Electron and nuclear densities from maximum entropy
method analyses of X-ray and neutron diffraction data".
C. HOWARD, ANSTO Lucas Heights Research
Laboratories, Australia.

"Quantum theory of giant magnetoresistance
in multilayered structures".
A. VEDYAYEV, DRF, CEN-Grenoble, France,
and Moscow University, Russia.

"Magnetic properties of ternary phosphides
with ThCr2Si2 - and Zr2Fe12P7 - type structure".
M. REEHUIS, Hahn-Meitner-Institut Berlin, Germany
and ILL, Grenoble, France.

"Neutun scattering from cubic ZrO2".
D.N. ARGYRIOU, Australian Nucl. Sci. and Tech.
Organisation, Menai, Australia.

"Symmetry analysis of magnetic structures
of R2CuO4 (R = rare earth)".
I.M.VlTEBSKY, Inst. for Single Crystals,
Ukrainia Acad. of Science, Russia.

"How I spent my summer holidays - part I":
"Straight from the Seoul", A. HEW AT.
"Nipponese neutrons". C. ZEYEN.
"Neutron optics with bent perfect crystals".
J. KULDA, ILL, Grenoble, France.

"Surface anisotropies in epitaxial thin iron (110) films".
O.Mc GRATH, Lab. Louis Néel, CNRS, Grenoble.

"Numerical methods in micromagnetics: determination
of the magnetic structure in ferromagnets".
D.V. BERKOV, Inst. of Chem. Phys. Chernogolovka, Russia.

"Applications of non-contact ultrasound".
S.P. PALMER, Univ. Warwick, UK.

College 6
Liquids, Disordered Materials
and Metal Physics

"Density expansion spectroscopy:
light and neutron scattering".
F. BAROCCHI, Univ. di Firenze, Italy.

"Structural studies of highly corrugated surfaces
with He-beam diffraction".
E. KIRSTEN, MPI fur Stromungsforschung,
Berlin, Germany.

"Lattice dynamics of three dimensional quasicrystals".
P. GALLO, Univ. dell'Aquila, Italy.

"|iSR studies of hydrogen in metals".
F.N. GYGAX, ETH Zurich and PSI Villigen, Switzerland.

"Relaxation in glycerol:
Do neutrons and light see the same ?"
J. WUTTKE, TU MUnchen, Garching, Germany.

"Progress Report on Be".
C. MAY, ILL, Grenoble, France.

Colleges
Biological Structures and Dynamics

"Protein structure: analysis, prediction and design".
J.M. THORNTON, Univ. College London, UK.

"Une nouvelle famille de protéines riches en cystéines:
structure et modélisation".
F. BAUD, ILL-IBS, Grenoble, France.

Collège 9
Chemistry

"Neutron reflectivity and surface tension study
of a diblock copolymer at the surface of a selective solvent"
B.J. FACTOR, Institut Curie, Paris, France.

"Microstructure and rheology of soft matter -
Investigations using neutron scattering and other
techniques".
J.D.F. RAMSAY, Institut de Recherches sur la Catalyse,
CNRS, Villeurbanne, France.

"On thé application of polymer theory
to giant worm-like lecithin microemulsions".
P. SCHURTENBERGER, ETH Zurich, Switzerland.

"Weakly charged polyelectrolytes".
F. SCHOSSELER, Université Louis Pasteur,
Strasbourg, France.

"Fullerene intercalation chemistry
and superconductivity".
M.J. ROSSEINSKY, Inorganic Chemistry Laboratory,
Univ. of Oxford, UK.
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"Laminar and turbulent flow behaviour
of viscoelastic surfactant solutions".
H.W. BEWERSDORFF, Swiss Federal Institute
of Technology, Zurich, Suisse.

"Structural and spectroscopic studies
of rare earth oxy compounds".
J. HÔLSÀ, University of Turku, Finland.

"SANS and neutron reflectivity studies
of grafted copolymers".
W. DOZIER, Argonne Nat. laboratory, USA.

"Rotational tunnelling of ammonia molecules".
M. HAVIGHORST, IFF, KFA, Jiilich, Germany.

"Inelastic neutron scattering studies
of the proton transfer dynamic in high region bonds".
F. FILLIAUX, LASIR-CNRS, Thiais, France.

"An introduction to Bayesian model selection".
D. SIVIA, RAL, Didcot, UK.

Thursday colloquium
"L'organisation spontanée dans les plantes

vers des structures cristallines particulières".
S. DOUDAY, E.N.S. Paris, France.

"Modèles statistiques de l'évolution Darwinienne".
L. PELITI, Institut Curie, Paris, France.

"Physical properties of ultra thin films investigated
by X-ray reflectivity".
J.J. BENATTAR, SPEC, CE Saclay, Gif-sur-Yvette, France.

"Nuclear magnetic ordering in metals".
F. POBELL, Univ. Bayreuth, Germany.

"The complex Ginzburg Landau approach
to nonequilibrium pattern formation".
Wim van SAARLOOS, Leiden University, The Netherlands.

"High-Tc superconductors:
Present status of applications".
H. RIETSCHEL, Kernforschungszentrum,
Karlsruhe, Germany.

"Fluids in space".
D. BEYSENS, SPEC, CE Saclay, Gif-sur-Yvette, France.

"Giant, micelles, fluid membranes and reversibly
connected networks: towards a unified view of amphiphilic
polymorphism".
G. PORTE, USTL, Montpellier, France.

"High-resolution electron microscopy
and its application to high-temperature superconductors".
K. URBAN, Inst. fur Festkorperforschung,
Forschungszentrum, Jiilich, Germany.

"Morphogenesis of unicellular algae".
P. PELCE, Université de Provence - St. Jerome,
Marseille, France.

"The human genome project (HGP)".
V. NOWOTNY, Washington Univ. School
of Medicine, Missouri, USA.

"Liquid helium seen with neutrons".
R. SCHERM, ILL, Grenoble, France.

"Future neutron sources: reactors or spallation ?"
F. MEZEI, Hahn-Meitner Institut/BENSC, Berlin, Germany.

"Scars and isospectra: experiments in quantum chaos
and mathematics".
S. SRIDHAR, Northeastern University, Boston, USA.

"Hydrodynamics of quasicrystals".
P. KALUGIN, Landau Institute, Moscow, Russia.

"Recent applications of muon-spin-resonance-
spectroscopy to the study of magnetic properties
of heavy fermion compounds".
A. SCHENCK, ETH Zurich and Paul Scherrer Institute,
Zurich, Switzerland.

"Fluctuations in the C60 fullerene: aspects
of rotational and translational fluidity".
N. ASHCROFT, Cornell University, Ithaca, NY, USA.

"The onset of superfluidity in thin 4He films
adsorbed on graphite".
P. CROWELL, Cornell University, Ithaca, NY, USA.

"High pressure effects on 1-D transition metal
chalcogenides, fulJerenes and high-temperature
superconductors".
M. NUNEZ-REGUEIRO, CRTBT, CNRS,
Grenoble, France.
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Workshops organized or
sponsored by the ILL in 1993

Braunschweig, Germany, May 10-11,1993.
Workshop on Focusing Crystal Optics.

Organizers: MAGERL A., WAGNER V.

La Grande-Motte, France, May 17-19,1993.
Journées de la Diffusion Neutronique

Organizers: CHIEUX P., FRIES E.

Grenoble (ILL), France, January 21-23,1993.
International Workshop on the Use of Neutrons

and X-rays in the Study of Magnetism.
Organizers: BROWN P.J., LANDER G.H., MARTINEZ Jv

STIRLING W.G., VETTIER C.

Grenoble (ILL), France, January 29,1993.
Colloquium in memory of Walter Mampe.

Organizers: PENDLEBURY M., BOERNER H.

Grenoble (ILL), France, March 22-24,1993.
International Workshop of the Institut Laue-Langevin

(ILL) and the Institut fuer Festkoerperforschung (IFF)
der KFA Juelich on Dynamics of Disordered Materials II.
Organizers: PETRY W., RICHTER D., DIANOUX A.J.

Grenoble (ILL), France, June 2-4,1993.
Réunion Annuelle du Groupe Français d'Etude

des Quasicristaux. (Livre de Résumés 1 - 2)
Organizer: JANOT C.

Grenoble, France, June 21-23,1993.
Workshop on Progress in Gaseous Microstrip

Proportional Chambers.
Organizer: GELTENBORT P.

Stockholm, Sweden, May 13-17,1993.
Euroconference on Neutrons in Surface Science

and at Interfaces.
Organizers: BERMEJO F.J., COSTA M.M.R.R.,
DAHLBORG U., FONTANA M., GAMARI-SEALE H.,
SCHERM R., LOVESEY S.W., DAHLBORG M.

Book Published
BARUCHEL J., HODEAU J.L., LEHMANN M.,
REGNARD J.R., SCHLENKER C. [Editors]
Neutron and Synchrotron Radiation for Condensed Matter
Studies. Volume 1. Theory, Instruments and Methods.
(HERCULES: Higher European Course for Users
of Large Experimental Systems)
(Springer Verlag, Berlin/Les Editions de Physique,
Paris, 1993) ISBN 286883-185-0.

Conference Proceedings
Published as Books
or Journal Issues
Proceedings of the International Workshop on Dynamics
of Disordered Materials II.
DIANOUX A.J., PETRY W., RICHTER D. [Editors]
PHYSICA A 201 n° 1-3 (1993).

Proceedings of the ILL/ESRF Workshop on Methods in the
Determination of Partial Structure Factors of Disordered
Matter by Neutron and Anomalous X-ray Diffraction.
SUCK J.B., RAOUX D., CHIEUX P., RIEKEL C. [Editors]
(World Scientific Publishing, Singapore, 1993)
ISBN 981-02-1463-4.

Proceedings of the 7th Conference of the Liquids Section
for the European Physical Society on "Neutron Scattering
from Liquids".
TEIXEIRA J., WANDERLINGH F., GIORDANO R.,
DIANOUX A.J., BARNES A.J. [Editors]
Journal of Molecular Structure 296, n°3 (1993).

Proceedings of the Workshop on the Use of Neutrons
and X-rays in the Study of Magnetism.
LANDER G.H., STIRLING W.G. [Editors]
PHYSICA В Volume 192 , № 1-2 (1993).
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BOUDARD M.
Structure et propriétés dynamiques de la phase

icosaédrique AlPdMn.
Thèse, Institut National Polytechnique de Grenoble,

Grenoble le 30 mars 1993.

EDER K.J.
Das Superpendel - Ein neues System zur

Schwingungsisolierung fuer die Neutronenoptik.
Inaugurât Dissertation, Leopold-Franzens-Universitaet

Innsbruck, Mai 1993.

GUTSMIEDL E.
Erzeugung und Aufwaertsstreuung von ultrakalten

Neutronen in superfluessigem Hélium.
Dissertation, Technische Universitat Munchen, 1993.

LAUTENSCHLAEGER G.
Untersuchung der magnetischen Phasenuebergaenge

des Manganwolframats, MnWO4.
Inaugurât Dissertation, Technische Hochschule

Darmstadt, 1993.

NOELDEKE C.
Anordnung und Anregungen des Ammoniaks

in Ytterbiumliexaammin.
Inaugurât Dissertation, Christian-Albrechts-Universitaet,

Kiel, 1993.

SCHMIDB.
Inelastische magnetische Neutronenstreuung an den

quasi-eindimensionalen Singulettgrundzustandssystemen
CsFeCl3 und CsFeBrç unter dem Einfluss eines aeusseren
Magnetfeldes.

Inaugurât Dissertation, Universitaet Regensburg, 1993.

STUHR U.
NeutronenspektrokopischeUntersuchungen

der Diffusion und der optischen Schwingungsmoden
von Wasserstoff in Metall-Wasserstoff-Systemen.

Dissertation, Technische Hochschule Darmstadt, 1993.

TORRELLES ALBAREDA J.
Estudio de la relajacion estructural inducida

termicamente en aleaciones vitreas del sistema Ge-Se
mediante diffraccion de neutrones.

Memoria para optar al grado de Doctor en Ciencias
Fisicas Universitat Autonoma de Barcelona, Febrero 1993.

WEBER M.
Untersuchungen zur Vibrationsdaempfung an den

hochaufloesenden Gammaspektrometern GAMS 2/3 und
GAMS 4 am ILL Grenoble. Kemspektroskopie an | 7 7 Т т
und 177Lu.

Inaugurât Dissertation, Technische Universitaet
Muenchen, 1993.

ion
ing
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CONFERENCE CONTRIBUTIONS

Conference Contributions
ABINGDON, UK: ICANS-XII International

Collaboration on Advanced Neutron Sources -

1993/05/24-28

ANDERSON I., BOENI P., BUFFAT P., ELSENHAUS O.,

FRIEDLI H.P., GRIMMER H., HAUERT R., LEIFER K.,

MENELLE A., PENFOLD J., SOECHTIG J.

Recent progress in supermirrors at PSI. (Contributed paper)

ALICANTE, Spain: 2nd International Discussion

Meeting on Relaxations in Complex Systems -

1993/06/28-07/08

DIANOUX A.J., SAUVAJOL J.L., SMITH J.,

KNELLER G.R. Dynamics of cis- and trans-polyacetylene:

a combined inelastic neutron scattering and computer

simulation analysis. (Invited talk)

FRICK В., RICHTER D., ZORN R., FETTERS LJ. The

fast relaxation process near the glass transition in amorphous

polymers with different microstructure. (Contributed paper)

ANTIBES/JUAN-LES-PINS, France: 9th International

Colloquium on Plasma Processes - 1993/06/6-11

ANDERSON I., ELSENHAUS O., BOENI P., BUFFAT P.,

FRIEDLI H.P., GRIMMER H., HAUERT R., LEIFER K.,

SOECHTIG J. Artificial multilayer supermirrors for

neutron optics. (Contributed paper)

ASCONA, Switzerland: 2nd International Conference

on Magnetoelectric Interaction Phenomena in Crystals

(MEIPIC - 2) -1993/09/13-18

MCINTVRE G.J., VISSER D., COLDWELL T.R.,
GRAF H., WEISS L., ZEISKE TH., PLUMER M.L.
Magnetic ordering in the stacked triangular antiferromagnet
СзМпВгз in the presence of an electric field. (Talk)

BEIDAIHE, China: Neutron Scattering Satellite

Meeting, NSS-93 -1993/08/17-19

CHATTOPADHYAY T. Modulated magnetic phases.
(Invited talk)

KULDA J., LUKAS P., MIKULA P., VRANA M.
High-resolution neutron diffraction study of internal
stresses. (Poster)

KULDA J., STRAUCH D., ISHII Y. Experimental study
of inelastic structure factors in silicon. (Poster)

MCINTYRE G.J. Geometrical aspects of single-crystal
diffractometry with position-sensitive detectors. (Poster)

MCINTYRE G.J., PTASIEWICZ-BAK H. Phases
of magnetic structure factors of non-centrosymmetric
magnetised crystals by polarised-neutron diffraction. (Poster)

MIKULA P., KULDA J., L UKAS P., VRANA M.,
WAGNER V., SCHERM R. Recent developments of the
neutron monochromators based on bent perfect crystals.
(Invited talk)

MIKULA P., LUKAS P., KULDA J., STRUNZ P.,
SAROUN J., VRANA M., WAGNER V., ALEFELD B.
Applications of curved crystals in many-crystal settings.
(Poster)

BEIJING, China: XVIth International Congress
of Crystallography -1993/08/21-29

BAUMBACH G.T., GAILHANOU M., MARTI U.,
SILVA P., BESSIERE M., REINHART F.K., ILEGEMS M.
Characterization of quantum well wires and surface gratings
by X-ray diffraction reciprocal space mapping.

CHATTOPADHYAY T., BROWN P.J. Sudden
disappearance of three-dimensional magnetic ordering
in Gd2CuO4. (Poster)

LEHMANN M.S. Protein diffraction around the sulfur
K-absorption edge using 5 A X-rays from a storage ring.
(Talk)

LEHMANN M.S., CIPRIANI F., DAUVERGNE F.,
GABRIEL A., WILKINSON C. An image plate detector
for quasi-Laue neutron diffractometry. (Poster)

LEHMANN M.S., WILKINSON C., GABRIEL A.,
ALLIBON J., DAUVERGNE F. Position sensitive
photomultiplier tube neutron detector. (Poster)

MCINTYRE G.J. Empirical and calculated thermal-
diffuse-scattering corrections for single-crystal diffraction
data collected with a two-dimensional position-sensitive
detector. (Poster)

MCINTYRE G.J., OLOVSSON I., PTASIEWICZ-BAK H.
Chemical bonding and temperature effects in the charge
and spin densities of NiSO4 6 H 2 O and NiSO4 7 H 2 O. (Poster)

REEHUIS M., OULADDIAF В., VOMHOF T.,
JEITSCHKO W. Magnetic order in the phosphides
Ho 2 Fe| 2 P 7 , Nd 2 Co ) 2 P 7 and Ho 2 Co l 2 P 7 . (Talk)

BEIJING, China: XVIth International Congress
of Crystallography. Synchrotron Radiation Satellite
Meeting -1993/08/31-09/03

LEHMANN M.S. Protein crystallographic measurement
on the Troika undulator beam line of the ESRF. (Talk)

BENEDIKTBEUREN, Germany: BMFT Verbundtreffen
Neutronen -1993/10/18-20

DORNER B. Magnetische Anregungen in den quasi
I-D Systemen CsFeCI3 und CsFeBr, im Magnetfeld parallel
und senkrecht zur Kettenrichtung. (Talk)

LISS K.D., MAGERL A., SPRINGER T.
Beugungseigenschaften von Si|. xGe x Gradientenkristallen.
(Poster)
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CONFERENCE CONTRIBUTIONS

MAGERL A., ZULEHNER W. Optimierte
Sauerstotïpraezipitation in Silizium: ein Beitrag der
Neutronenstreuung zum Gigabit Bauelement. (Talk)

MAY R.P. D22, ein neues Instrument fuer
Neutronenkleinwinkelstreuung am ILL. (Poster)

RITTER C., MONDAL S., CYWINSKI R..
KILCOYNE S.H., RAINFORD B.D. A study of the
transition between intrinsic and induced Mn moment
in the system Dy|.xYxMn2. (Poster)

STOELKEN S., BARTSCH E., SILLESCU H.,
LINDNER P., ANTONIETTI M. Kugelffoermige
Polymermikronetzwerke - neuartige Materialien als
Bindeglied zwischen Polymeren und Kolloiden. (Poster)

BRAUNSCHWEIG, Germany: Workshop on Focusing
Bragg Optics -1993/05/10-11

DORNER B. Comparison of gradient and mosaic crystals
by means of k-distributions in reciprocal space. (Talk)

KULDA J.. WAGNER V., MIKULA P., SAROUN J.
Comparative tests of neutron monochromators using
elastically bent silicon and mosaic crystals. (Talk)

LISS K.D., MAGERL A. Can a gradient crystal compete
with a mosaic crystal as a monochromator in neutron-
or X-ray diffraction? (Talk)

MAGERL A., LISS K.D., DOLL C., MADAR R.,
STEICHELE E. Will gradient crystals become available
for neutron diffraction? (Contributed paper)

MIKULA P., KULDA J., LUKAS P., VRANA M.,
WAGNER V., SCHERM R. Bent perfect crystals
in asymmetric diffraction geometry in neutron scattering
experiments. (Talk)

MUTKA H. Coupled time and space focusing
for time-of-flight inelastic scattering. (Talk)

BRISTOL, UK: Vllth ECIS Conference -1993/09
TERECH P. Surfactant aggregation in organic solvents:

physical gels and living polymers. (Poster)

BUDAPEST, Hungary: Workshop on the International
Use of Centres of Excellence and Joint Projects -
1993/03/26-27

HEIDEMANN A. The ILL: An international neutron
research center. (Poster)

CARGESE, France: NATO-ARW on Hydrogen Bond
Networks -1993/08/16-22

DIANOUX A.J., HARRIS K.D.M., GUILLAUME F.
Molecular motions in urea inclusion compounds.
(Contributed paper)

CARRY-LE-ROUET, France: International Workshop
on Electron Crystals - 1993/06/02-04

CURRAT R., LORENZO-DIAZ J.E. Neutron study of
phase transitions and low-frequency excitations in (MSe4)nI
compounds. (Invited talk)

COMO, Italy: NATO Advanced Study Institute
"Modern Aspects of Small-Angle Scattering" -
1993/05/12-22

LINDNER P. Polymers in solution. Flow techniques.
(Invited talk).

MAY R.P. Small-angle neutron scattering of biological
macromolecular complexes consisting of proteins and
nucleic acids. (Poster & Talk)

DRESDEN, Germany: Workshop on High-Resolution
Spectroscopy of Fission Fragments, Neutrons and y-Rays -
1993/03

GELTENBORT P., MUELLER A., GOENNENWEIN F.,
KAUFMANN J., PETROV G., DUERING I.. MAERTEN
H., RUBEN A., OED A. Cold fission studies using
a double-ionization chamber. (Contributed paper)

DUBNA, Russia: 3rd International Conference on
Surface X-ray and Neutron Scattering -1993/06/24-29

BAUMBACH G.T., HOLY V. Umweganregung excited
by specular internal reflection and strong asymmetric X-ray
diffraction.

BAUMBACH G.T., HOLY V., PIETSCH U.,
GAILHANOU M. The influence of specular interface
reflection on grazing incidence diffraction and diffuse
scattering from superlattices.

SCHAERPF O. Surfaces and interfaces and their role
in supermirrors. (Invited talk)

EUGENE, USA: 20th International Conference
on Low Temperature Physics -1993/08/04-11

MARTINEZ J.L., GARCIA-MATRES E..
GARCIA-MUNOZ J.L.. RODRIGUEZ J.
Magnetic properties of RiBaNiOs oxides. (Poster)

FLORENCE, Italy: 2nd Liquid Matter Conference -
1993/09/18-22

SUCK J.-B., CHIEUX P., DUPUY-PHILON J..
JALJ.-F..MORKELC.

Collective atomic dynamics in mixtures of liquid metals
and molten salts. (Contributed paper)

FRIBOURG, Switzerland: 8th International Symposium
on Capture Gamma-Ray Spectroscopy and Related
Topics -1993/09/20-24

BOERNER H.G., PENDLEBURY J.M. New
developments for the nuclear and fundamental physics
facilities at the high flux reactor of the ILL Grenoble.
(Invited talk)
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DRISS1 S., DÉLÈZE M., GARRETT P.E., JOLIE J.,
KERN J., MANNANAL S.J., TERCIER P.A., VORLET J.P.,
WARR N., MOUZE G., YTHIER CH., BOERNER H.G.,
JUDGE S., SCHRECKENBACH K., WILLIAMS A.
Complete level structure of ' l2Cd and the SU(5) dynamical
symmetry. (Invited talk & Contributed paper)

JUNGCLAUS A. The gamma-ray induced Doppler
(GRID) broadening method: a status report. (Invited talk)

GAITHERSBURG, USA: The Eighth International
Meeting on Ferroelectricity -1993/08/08-13

KAMBA S., PETZELT J., ZELEZNY V., SMUTNY F.,
DVORAK V., HLINKA J., QUILICHINI M., VOLKOV A.A.,
GORSHUNOV B.P., KOZLOV G.V., CURRAT R.,
LEGRAND J.F. Dynamical studies of fully deuterated
BCCD. (Contributed paper)

GARCHY, France: Rhéophysique des Suspensions
Colloïdales -1993/12/15-17

TERECH P. Polymères vivants en milieu organique,
exemple d'un complexe organométallique dans le cyclohexane.

GIF-SUR-YVETTE, France: Formation Jeunes
Chercheurs "Frustration Géométrique en Matière
Condensée" -1993/12

CHARVOLIN J. Films d'amphiphiles. (Invited talk)

GLASGOW, Scotland: IXth International Conférence
of Virology -1993/08/08-13

TIMMINS P. A. The architecture of tomato bushy stunt
virus: Distribution of RNA and protein. (Contributed paper)

TIMMINS P.A. A decapsidation mechanism for turnip
yellow mosaic virus. (Poster)

GRENOBLE, France: International Workshop on the
Use of Neutrons and X-rays in the Study of Magnetism -
1993/01/21-23

KULDA J. On the cross-section of the thermal neutron
coherent inelastic scattering. (Poster)

MCINTYRE G.J., PTASIEWICZ-BAK H., OLOVSSON I.
Chemical bonding and covalency in NiSO4.6H2O
by measurement of charge and spin densities. (Poster)

OULADDIAF В., BALLOU R., LEKIEVRE-BERNA E.
Magnetic phase diagram of TbMn^ (Poster)

RITTER C., CYWINSKI R., KILCOYNE S.H.,
MONDAL S., RAINFORD B.D. Volume anomalies and
thermal expansion in the system Dy(.xYxMn2. (Poster)

SCH AERPF O. Use of a multidetector in neutron
polarization analysis of magnetic scattering. (Poster)

SCHAERPF O. Absolute cross-section determination
of magnetic scattering from a La2CuO4 single crystal above
TN . (Poster)

GRENOBLE, France: HERCULES Course -
1993/02/14-04/02

LEHMANN M.S. Neutron crystallography
of biological molecules. (Invited talk)

TIMMINS P.A. Virus structure. (Invited talk)

GRENOBLE, France: Workshop on
"Dynamics in Disordered Materials II" - 1993/03/22-24

BUCHENAU U., LINDER K., FRICK B. Debye-Waller
factors in amorphous polymers. (Poster & Contributed paper)

DUVAL E., ACHIBAT T., BOUKENTER A., FRICK В.,
GARCIA N., SERUGHETTI J. Comparison between light
and neutron inelastic scatterings. The frequency linear
behaviour of the light-vibration coupling coefficient.
(Contributed paper)

FERRAND M. Thermal motions and function
of bacteriorhodopsin in purple membranes: effects
of temperature and hydration studied by neutron scattering.
(Poster)

FERRAND M., DIANOUX A.J., PETRY W., ZACCAÏ G.
Dynamical transition of bacteriorhodopsin in purple
membranes revealed by neutron scattering: a relation between
structure, dynamics and function. (Contributed paper)

FRICK В., RICHTER D., TREVINO S. Inelastic fast
relaxation in a weakly fragile polymer glass near T g .
(Contributed paper)

ZORN R., RICHTER D., FRICK В., FARAGO B.
Neutron scattering experiments on the glass transition
of polymers. (Invited talk & Contributed paper)

GRENOBLE, France: IAEA Interregional Training
Course on Nuclear Methods in Materials Research -
1993/05/10-21

ANDERSON I. Multilayer design and production
for neutron optics. (Talk)

CONVERT P. Thermal neutron detection. (Talk)

HEW AT A.W. High T c superconductors studied
by neutron powder diffraction. (Talk)

KEARLEY G. Molecular spectroscopy and catalysis.
(Talk)

LINDNER P. Polymers in solution. Flow techniques.
(Talk)

PANNETIER J. Studying chemical reactions by neutron
powder diffraction. (Talk)

RITTER C. Materials research on DIB. (Talk)

GRENOBLE, France: BEST, INPG, ENSPG Summer
Course "Neutrons and Synchrotron Radiation" -
1993/09/14-24

DORNER B. Inelastic neutron scattering. (Invited talk)

TIMMINS P.A. Neutrons in biology. (Invited talk)
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HELSINKI, Finland: Nordic Structural Chemistry
Meeting-1993/01/11-13

MCINTYRE G.J., OLOVSSON I., PTASIEWICZ-
BAK H. Spin and charge density in NiSO4.6H2O. Bonding
deformation and superposition effects. (Poster)

JUELICH, Germany: Neutron Scattering Seminar -
1993/10/11-12

TRAMPENAU J., DUBOS O., HENNION В., PETRY W.
Strongly anharmonic phonons in monoatomic bcc phases.
(Invited talk)

KOCHI, Japan: Meeting of the Japanese Physical
Society Section on Elementary Particles -1993/10/04-06

PENDLEBURY J.M. Electric dipole moments
and CP violation. (Invited talk)

LA GRANDE-MOTTE, France: Secondes Journées
de la Diffusion Neutronique -1993/05/17-19

BALLOU R., DEPORTES J., OULADDIAF B.
Effets de substitutions de Tb et Al sur l'hélimagnétisme
à longue période dans le composé YMn2. (Poster)

BALLOU R., DEPORTES T., OULADDIAF B.
Dimorphisme structural, instabilité magnétique et frustration
topologique dans la série (Dy|_xLax)Mn2. (Poster)

CURRAT R. Etude par diffusion de neutrons
des transitions de phase dans les composés quasi-
unidimensionnels (TaSe4)2I et (NbSe4)3I. (Poster)

DIANOUX A.J., KNELLER G.R., SAUVAJOL J.L.,
SMITH J.C. Densité d'états vibrationnels du polyacétylène:
simulations de dynamique moléculaire et comparaison
avec les résultats de diffusion des neutrons. (Poster)

MUTKA H. Diffusion Brillouin aux neutrons. Instrument
inélastique aux petits angles. (Poster)

MUTKA H., ECCLESTON R., MOLINIE P., PAYEN C.
Effet de la température sur la dynamique de spins
de la chaîne antiferromagnétique de Heisenberg S=l :
étude par la diffusion inélastique des neutrons
de AgVP2S6. (Poster)

LONDON, UK: Third London Conference
on Position-Sensitive Detectors -1993/09/6-10

GELTENBORT P., OED A. MicroStrip gas chambers
at the Institute Laue-Langevin. (Talk)

LOUVAIN-LA-NEUVE, Belgium: Workshop on
Symmetries in Semi-Ieptonic and Leptonic Weak
Interactions -1993/06/4-7

LAST J. Cold, ultracold and polarised neutrons.
(Invited talk)

PENDLEBURY J.M. Improving the neutron electric
dipole moment measurements. (Invited talk)

LUNTEREN, Holland: European Research Conference
on Dynamical Properties of Solids - 1993/09/26-30

CURRAT R. Neutron study of phase transitions
and low-frequency excitations in modulated crystals.
(Invited talk)

SUCK J.-B. Collective excitations in topologically
disordered systems studied by neutron inelastic scattering.
(Invited talk)

MAINZ, Germany: Spring Meeting of the German
Physical Society, Section Hadrons and Nuclei -
1993/03/21-26

ABELE H., HELM G., KANIA U., SCHMIDT C.,
LASTJ., DUBBERSD.
Verlustfreie Messung von 35S und 63Ni fi-Spektren,
und der Ursprung der 17 keV Neutrino-Signale. (Talk)

FIONI G., HESSE M., FAUST H. Eine neue
lonisationskammer fuer das erweiterte Massenspektrometer
LOHENGRIN am ILL Grenoble. (Poster)

GELTENBORT P, OED A. Features of micro strip
proportional counters (group report). (Talk)

MINNEAPOLIS, USA: 38th Annual Conference on
Magnetism and Magnetic Materials -1993/11/15-18

BRAMWELL S.T. Order by disorder in an anisotropic
pyrochlore antiferromagnet. (Talk)

BRAMWELL S.T. Weak ferromagnetism
in a Kagome lattice antiferromagnet. (Talk)

CHATTOPADHYAY T., BROWN P.J., ROESSLI B.
Disappearance of three-dimensional magnetic ordering in
Gd2CuO4. (Talk)

CHATTOPADHYAY T., ROSOV N.. LYNN J.W.,
KAESTNER J., WASSERMANN E.F., BACH H.
Temperature dependence of the magnetic excitations in
ordered and disordered Рез?!. (Talk)

ISNARD O., MIRAGLIA S., GUILLOT M.,
FRUCHART D. High field magnetization measurements of
Sm 2Fe| 7, Sm 2Fe I 7N 3, Sm 2 Fe| 7 D 5 and Pr2Fe,7, Pr2Fe,7N3.
'Invited talk)

MITO, Japan: 5th International Symposium
on Advanced Nuclear Energy Research -1993/03

DORNER B. Inelastic neutron scattering
and polarized neutrons. (Panel contribution)

KULDA J., STRAUCH D., ISHII Y. Refinement
of phonon eigenvector phases from intensities of neutron
inelastic scattering in Si. (Contributed paper)

MONTE VERITA, Switzerland: 2nd International
Conference on Magnetoelectric Interaction Phenomena
in Crystals (MEIPIC - 2) -1993/09/13-18

MCINTYRE G.J., VISSER D., COLDWELL T.R.,
GRAF H., WEISS L., ZEISKE T., PLUMER M.L. Magnetic
ordering in the stacked triangular antiferromagnet CsMnBr3
in the presence of an electric field. (Talk)

171



157

CONFERENCE CONTRIBUTIONS

ce

g-

ter

MONTERREY, USA: 20th RERC -1993/08
MARTINEZ J.L., SAEZ PUCHO R., HERNANDEZ J.,

RODRIGUEZ;., GARCIA MATRES E. Magnetic
properties of novel R7BaCoO.;.

MONTPELLIER, France: Journée de Biochimie
Structurale -1993/12/02

TIMMINS P.A. Etudes structurales de macromolécules
biologiques par diffusion des neutrons. (Invited talk)

NATHIAGALI, Pakistan: Seventeenth Internationa)
Workshop on Condensed Matter Theories -
1993/06/18-24

CLEMENTS B.E. Dynamic excitations in Bose liquid
films. (Invited talk)

NEW LONDON, USA: Gordon Conference on X-ray
Physics -1993/08/09-13

LEHMANN M.S. Protein crystallography with soft
X-ray near the K-absorption edge of sulfur. (Talk)

OAK RIDGE, USA: Workshop on Fundamental Physics
at the Advanced Neutron Source -1993/11/09-10

BOERNER H.G. Precision gamma ray measurements:
a review. (Invited talk)

PENDLEBURY J.M. Ultracold neutrons: a review.
(Invited talk)

OKA YAMA, Japan: Meeting of the Japanese Physical
Society Section on Atoms and Molecules -1993/10/11-13

PENDLEBURY J.M. Fundamental physics with
ultracold neutrons. (Invited talk)

PREDEAL, Romania: NATO Advanced Study Institute
"Frontier Topics in Nuclear Physics" -1993/08/24-09/04

JUNGCLAUS A., BOERNER H.G., JOLIE J., LIEB
K.P., ULBIG S. Lifetime measurements with the gamma ray
induced doppler (GRID) broadening method. (Talk)

REGENSBURG, Germany: 13th General Conference
of the Condensed Matter Division. European Physical
Society -1993/03/29-04/02

BAUMBACH G.T., PIETSCH U. Grazing incidence
X-ray diffaction and its interdependence on the specular
X-ray reflectivity in the case of a semiconductor superlattice.
(Abstract)

DIANOUX A.J., GUILLAUME F., EL BAGHDADI A.
Dynamics of alkyl-type chains in crystals. (Contributed paper)

LISS K.D., MAGERL A., SPRINGER T., MADAR R.
Fabrication and diffraction properties of Si|.xGex gradient
crystals. (Poster)

SCHAERPF O. A neutron multidetector with spin
analysis applied to measure absolute magnetic cross-sections
on high Tc materials. (Talk)

VOIT J. Charge-spin separation and the spectral
properties of Luttinger liquids. (Talk)

VOIT J., BARANOWSKI D., BUETTNER H.
Electronic correlations and electron-libron coupling
in polyaniline. (Abstract)

RIS0, Denmark: Users' Meeting -1993/01/08-09
LINDNER P. Semidilute polymer solutions under shear.

(Poster)
MAY R.P. D22, the new small-angle neutron scattering

facility at the ILL. (Poster)

ROSKILDE, Denmark: RITA Workshop -1993/08/28
KULDA J. Elastically deformed versus mosaic

monochromators. (Talk)

ROUEN, France: Réunion Annuelle du Groupe Défauts
Ponctuels -1993/06/24-25

RANDL O. Lacunes, phonons et diffusion atomique
dans des alliages intermétalliques. (Talk)

SACLAY, France: Conférence on Membrane Structure,
Dynamics and Interactions via Neutron and X-ray
Scattering -1993/04

CHARVOLIN J. Membranes in chloroplasts
and etioplasts. (Invited talk)

SACLAY, France: IXth Internationa] Conférence
on Small Angle Scattering -1993/04/27-30

LINDNER P. Semidilute polymer solutions under shear.
(Poster)

MAY R.P. D22, the new small-angle neutron scattering
facility at the ILL. (Poster)

MAY R.P. Geometrical optimisation of neutron
small-angle scattering instruments. (Poster & Talk)

TIMMINS P.A. Small angle neutron scattering
from solutions and crystals of biological macromolecules.
(Invited talk)

SACLAY-LLB, France: Réunion Thématique
"Dynamique et Spectres de Phonons" -1993/03/11-12

SUCK J.-B. Generalized vibrational density of states
and total dynamic structure factor of icosahedral alloys.
(Invited talk)

SAN DIEGO, USA: Fifth International Conference
on the Crystallization of Biological Macromolecules -
1993/08/08-13

TIMMINS P.A. The organisation of detergents
in solution and in crystals of membrane proteins.
(Invited talk & Abstract)
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SAN SEBASTIAN, Spain: QUENS'93 Quasielastic
Neutron Scattering - 1993/09/27-28

DIANOUX A.J., EL BAGHDADI A., GUILLAUME F.,
BOYSEN H., CODDENS G. Translational and rotational
motions of n-alkane molecules within the channels
of urea inclusion compounds. (Contributed paper)

HEIDEMANN A. Directions in instrumentation
for quasielastic neutron scattering. (Invited talk)

MUTKA H. Energy-resolved small-angle thermal
neutron scattering: a challenge for instrumentation. (Talk)

SAN SEBASTIAN, Spain: NATO Advanced Research
Workshop - "The Physics and Mathematical Physics
of the Hubbard Model" -1993/10/3-8

VOIT J. Charge-spin separation and the spectral
properties of Luttinger liquids. (Invited talk)

SANDBJERG CASTLE, Denmark: Nordic School
on the Application of X-ray Synchrotron Radiation -
1993/06/25-07/03

LEHMANN M.S.
Anomalous scattering in biology. (Talk)

LEHMANN M.S.
The noble art of proposal writing. (Talk)

SEATTLE, USA: American Institute of Physics
Spring Meeting -1993/03/22-26

BRAMWELL S.T. Critical properties
of ultrathin films. (Talk)

BROWN P.J. Magnetic correlations in La2_xSrxNiO4.
(Invited talk)

CHATTOPADHYAY T., SUMARLIN I.W.,
LYNN J.W., BARILO S.N., ZHIGUNOV D.I.
Magnetic excitons of Pr in Pr2CuO4. (Talk)

NEUMANN D.A., KAMITAKAHARA W.A.,
FRICK B. Neutron scattering from vibrational modes
in carbon solids. (Contributed paper)

NGAI K., FRICK В., TREVINO S.F., RICHTER D.
Excitations in glassy polymers. (Contributed paper)

TRIESTE, Italy: Workshop on "The Liquid State of
Matter: Opportunities from New Radiation Sources" -
1993/07

CHIEUX P., DAMAY P. Accuracy in neutron scattering
determination of the structure of disordered materials.
(Invited talk)

CHIEUX P., DAMAY P. Is neutron small angle
scattering an appropriate tool for the study of criticality ?
(Invited talk)

TROIS-RIVIERES, QUEBEC, Canada: Sixth
International Conference on Organized Molecular Films -
1993/07/04-09

LEGRAND J.F. X-ray grazing incidence studies
of the 2-D crystallization of monolayers of 1-alcohols
at the air-water interface. (Poster)

ULM, Germany: 28th Europhysics Conference on
"Transitions in Oligomer and Polymer Systems" -
1993/09/27-10/1

FRICK В., BUCHENAU U. Boson peak and fast
relaxation process near the glass transition in polystyrene.
(Contributed paper)

VELDHOVEN, Holland: Europhysics Industrial
Workshop EIW-9 - "Nanometer-scale Methods in X-ray
Technology" -1993/10/11-13

BAUMBACH G.T., GA1LHANOU M. X-ray diffraction
from simple and epitaxial multilayered surface gratings.

BAUMBACH G.T., HOLY V. X-ray reflection from
rough periodical multilayers.

VILLEURBANNE, France: Colloque S.F.M.E. -1993/04
CHEYNET M.C., SOLAS D., ANTONIADIS A.,

BERRUYER J., FILHOL A. Microanalyse des ségrégrations
en soluté dans les PFZ formés aux joints de grain
d'un alliage AI-Zn-Mg. (Contributed paper)

WARSAW, Poland: Polish Academy of Sciences Course
on Structural Biology -1993/01/21-24

TIMMINS P.A. Neutron scattering for the study
of biological macromolecules. (Invited talk)

TIMMINS P.A. Virus structure. (Invited talk)

SHEFFIELD, UK: UK Neutron Beam Users Meeting •
1993/09/01-02

TIMMINS P.A. Neutrons in biology. (Invited talk)

STRASBOURG, France: E-MRS 1993 Spring Meeting -
1993/05/4-7

BAUMBACH G.T., GAILHANOU M., FISCHER H.,
MARTI U., SILVA P.C., REINHART F.K., ILEGEMS M.
X-ray diffraction reciprocal space mapping of III-V gratings.

WINDSOR, UK: Conference on Quantum Molecular
Tunneling in Solids -1993/07/12-15

HEIDEMANN A. New methods in neutron
spectroscopy. (Invited talk)

ZUOZ, Switzerland: Summerschool on Neutron
Scattering -1993/08/15-21

DORNER B. Structural excitations. (Invited talk)
TIMMINS P.A. Neutron scattering in biology.

(Invited talk)
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PUBLICATIONS - ILL-REPORTS

Publications -
ILL-Reports 1993

This list groups publications received during 1993 resulting
from the research at the ILL.
ILL-Reports are listed first. They are followed by the list
of publications in journals, conference proceedings, books
with ILL authors and co-authors and by publications related
to experimental work performed by visiting scientists at the
ILL but without ILL co-authors.

ILL-Reports
(Code number I to 9)

93CO01G
COOK J.C. Monte Carlo simulation of the energy resolution
function of the backscattering spectrometer INIO.
ILL-Report.

93PA02T
PAPOULAR R.J., RESSOUCHE E., TASSET F.
Comparison on various computers and workstations: runtime
necessary to compute a crystallographic inverse Fourier
transform using maximum entropy.
ILL-Report.

93MA03T
MA YERHOFER U. User's manual: a short guide
and introduction to the hp9000/710 of college III.
ILL-Report.

93NE04T
NESVIZHEVSKY V.V. Error assessment for neutron
lifetime measurement with MAMBO-2.
ILL-Report.

93PEOST
PENDLEBURY M., BOERNER H. Colloquium in memory
of Walter Mampe. Grenoble (ILL), France, January 29,1993.
ILL-Report.

93GE06T
GELTENBORT P. Workshop on Progress in Gaseous
Microstrip Proportional Chambers. Grenoble (France),
June 21-23 1993.
ILL-Report.

93JA07T
JANOT C. Réunion annuelle du Groupe Français d'Etude
des Quasicristaux. Grenoble (France), 2-4 Juin 1993.
(Livre de résumés 1 - 2)
ILL-Report.

93JA08T
JANOT C. Conférence Quasicristaux. Commande de travaux
sur mémoire MS/SC n°92-1552/AOOO/DRET/DS/SR.
Fiche de synthèse, Ministère de la Défense -
Direction des Recherches Etudes et Techniques.
ILL-Report.

93FA09T
FAUST H., AGERON P., FOGELBERG В., JACOBSON
L., PINSTON J.A., BENABED A., LIATARD E., PIAFE
COLLABORATION. Principles on the implantation
of a thermal ion source in the H9 beam tube of the ILL.
Progress report.
ILL-Report.

Papers published in Scientific periodicals,
Books and Conference Proceedings:

1. With ILL authors & Co-authors
(Code number 101 to 400).

93FE101
FERNANDEZ-DIAZ M.T., MARTINEZ J.L.,
RODRIGUEZ-CARVAJAL J., BEILLE J., MARTINEZ В.,
OBRADORS X., ODIER P.
Metamagnerism in single-crystal Pr2NiO4

Physical Review В 47, 5834-5840 (1993).

93JU102
JUNGCLAUS A., BOERNER H.G., JOLIE J., ULBIG S.,
CASTEN R.F., ZAMFIR N.V., BRENTANO P. V.,
LIEB K.P. Absolute B(EI ) values in the shape transitional
l 4 X - | 3 2 Sm isotopes.
Physical Review С 47, 1020-1026 (1993).

93LA103
LANGAN P., FORSYTH V.T., MAHENDRASINGAM A.,
PIGRAM W.J., MASON S.A., FULLER W. A high angle
neutron fibre diffraction study of the hydration of the A
conformation of the DNA double helix.
Journal of Biomolecular Structure and Dynamics 10,
489-503(1992).

93VE104
VERGNAT M., HOUSSAINI S., MARCHAL G., MANGIN
P., VETTIER C. Hydrogen diffusion and densification
in amorphous silicon.
Physical Review В 47, 7584-7587 (1993).

93МШ05
MUTKA H., PA YEN C., MOLINIE P.
One-dimensional Heisenberg antiferromagnet with spin
S = 3/2. Experiments on AgCrP2S6.
Europhysics Letters 21, 623-628 (1993).
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93BE106
BEAUFILS J.P. Structural study, by surface differential
diffraction of neutrons, of the surface of a nickel powder
covered with deuterium.
Surface Science 280, 197-207 (1993).

93RI107
RICHTER D., FARAGO В., BUTERA R., FETTERS L.J.,
HUANG J.S., EWEN B.
On the origins of entanglement constraints.
Macromolecules 26, 795-804 (1993).

93FA108
FANJAT N.. LUCAZEAU G.
Magnetic properties of Ре2Наз(РО4)з-1. Calculation
of magnon dispersion curves in a complex structure.
Journal of Physics and Chemistry of Solids 54, 1 87- 1 96
(1993).

93DO109
DOENNI A., FURRER A., FISCHER P., HAYDEN S.M.,
HULLIGER F., SUZUKI T.
Magnetic properties of the dense Kondo compound CeSe
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