


Applications for the use of the ILL facilities 

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

February 15 and August 31 . 

The completed research proposal forms should be sent to: 

The Office of the Scientific Secretary 
lnstitut Max von Laue - Paul Langevin 
156 X 
38042 Grenoble Cedex 
France 
Tel. (76) 48.72.44 

48.71.79 
48.70.41 
48.70 .82 

Telex: 320621 F 

B. Maier 
G. Briggs 
K. Mayer-Jenkins (Secretary) 
A. Taffut (Secretary) 

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

Under normal circumstances the ILL makes no charge for the use of its facilities. However, special equip­
ment (other than the existing instruments, counters, standard cryostats and shielding requirements) must 
be provided by the user. This applies particularly to the experimental samples which must, in all cases, be 
provided by the user. Chemistry and Biology laboratory facilities are available for any necessary sample 
preparation. 

The ILL makes a limited contribution towards the travel and subsistence expenses for experimentalists 
coming from approved laboratories in the three member countries. (Details on request). 

Commercially exploitable results 

Visitors and ILL scientists may occasionally be involved in experiments which have possible commercial 
applications. If any scientist considers that this is the case, he should get in touch with the Scientific 
Secretary. 

FRONT-COVER PICTURE: 
Histogram of counts of the weakest reflection (051) from DKDP ( = KD2PO4 ) on the Position Sensitive Detector Prototype D 19 A. 
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the institut 
max von laue­
paul langevin 

The lnstitut Max von Laue-Paul Langevin (ILL) at Grenoble was formally founded in January 1967, with 
the signature of an intergovernmental convention between France and the Federal Republic of Germany. 
The aim was to provide the scientific community of the affiliated countries with a unique neutron beam 
facility applicable in fields such as the physics of condensed matter, chemistry, biology, nuclear physics 
and materials science. The construction of the lnstitut and its high flux reactor was undertaken as a joint 
French-German project, with a total capital investment of 335 million FF. The reactor went critical in 
August 1971 and reached its full power of 57 MW for the first time in December 1971 . The year 1972 
saw the start-up of the cold and hot sources, the first instruments and the beginning of the experimental 
programme. On January 1, 1973 the United Kingdom joined the lnstitut as a third equal partner, con­
tributing its share to the total capital investment. The corresponding intergovernmental convention was 
formally signed in July 1974 by the pertinent ministers from the three affiliated countries. On December 9, 
1981 a protocol was signed by representatives from the three member countries which extended the life 
of the ILL until December 31, 1992. 

The ILL is a non-trading company under French civil law. The three countries are represented by the 
following Associates: 

Kernforschungszentrum Karlsruhe GmbH, Germany 
Centre National de la Recherche Scientifique, France 
Commissariat a l'Energie Atomique, France 
Science and Engineering Research Council, United Kingdom. 

These Associates are represented on a Steering Committee, which establishes the general rules of the 
management of the ILL. The lnstitut is headed by a Director and two Assistant Directors, all with a five 
year tenure, the former to be nominated alternately by the German and the British Associates, the other 
two by the remaining Associates. A Scientific Council, nominated by the Associates, advises the 
Directors on the scientific programme and on practical aspects relating to its operation. 

The scientific users' community of the ILL is represented in 8 Subcommittees of the Scientific Council, 
which meet twice a year to select those research proposals which are to be carried out at the neutron 
beam facilities of the ILL. A further Subcommittee of the Scientific Council deals with questions of instru­
mentation, serving as a discussion platform between the ILL and its external users. 

The purpose of the ILL thus differs from other research institutes in so far as it is a central facility created 
so that chemistry, solid state physics, fundamental and nuclear physics, biology and metallurgy specialists 
from laboratories in the partner countries can use the unique power of neutron techniques to broaden the 
attack on their problems. Designing and operating instruments and helping the visiting users to carry out 
their experiments is thus the principal task of the lnstitute's own scientists. The experimental use of the 
instruments by ILL staff is subject to the same approval system as their use by external teams. 
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Great Britain 

Ell 

SCIENCE AND ENGINEERl~G 
RESEARCH COUNCIL (SERC) 

Egginton - (SERC) 
Hobbis - (SERC) 
Leadbetter - (SERC) 
Ottewill - (Univ. of Bristol) 

Pettet 
Millington 

.., 

France 

Associates of the I nstitut 

COMMISSARIAT A L'ENERGIE ATOMIOUE 
(CEA) 

CENTRE NATIONAL DE LA RECHERCHE 
SCIENTIFIOUE (CNRS) 

Steering Committee 
(at its last meeting) 

Cribier - (CEA) 
Horowitz - (CEA) 
Lehmann - (CNRS) 
Mercouroff - (CNRS) 

Audit Commission 

-., 

... 

Germany 

KERNFORSCHUNGSZENTRUM 
KARLSRUHE (KFK) 

Doll - (BMFT) 
Hofbauer - (BMF) 
Klose (Chairman) - KFK 
Simon - Max-Planck-Ges. 

.., 



Scientific Council 
(at its last meeting) 

Armbruster - GSI Darmstadt Fuller - Univ. Keele Ottewill - Univ. Oxford 
Benoit - CNRS Strasbourg Galy - CNRS Toulouse Rainford - Univ. Southampton 
Comes - Univ. Paris-Sud, Orsay Goodenough - Univ. Oxford Schmatz - KfK Karlsruhe 

Cowley - Univ. Edinburgh Hart - King's Coll., London Schofield - AERE Harwell 

Dachs - HMI Berlin Horner - Univ. Heidelberg Schult - KfA Julich 

Drifford - CEN Saclay Joly - CEN Saclay Stuhrmann - DESY, Hamburg 
Ebel - IBMC Strasbourg Lemaire - CEN Saclay Villain - CEN Grenoble 
Enderby - Univ. Bristol Miller - Univ. Oxford Winter - ILL 
Fender - ILL (Chairman) Mills - Univ. Reading 

SUBCOMMITTEES OF THE SCIENTIFIC COUNCIL 
(11 

,... 

I "II 

Fundamental and Structural Crystal and Liquids, Chemistry 

Nuclear Physics and Magnetic Magnetic structures Disorders and Biochemistry Large Surfaces and Instruments 
Excitations Defects in Mater. Molecules Spectroscopy 

- ~ 

Lynn Challis Coles Cheetham I Dupuy Blundell 

I 
Charvolin Conard Glaser 

Schult Cowley Day Fischer Durand Chabre Cotton Ehrhardt Nifenecker 
Shotter Hanke Fuess Galy Enderby Fuller Hoffmann Forstmann Pepy 
Signarbieux Horner Goodenough Hahn Hensel Giege Kilian Huller Press 
Specht Lajzerowicz Lemaire Marezio Schilling Janin North Lassegues Rainford 
Vinh Mau Lambert Plumier Pouget Schofield Miller Ottewill Mills Renouprez 

Rainford Prand~ Sim 

I 
Stewart Nierhaus Weill Thomas Schmatz 

Rossat-Mignot Souletie Suck Sanger Stewart 
Schmatz Schulz Steyerl 

I 
Stirling G. 

... I I ... 
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OFFICE OF THE SCIENTIFIC SECRETARY 

... Maier ... 

COLLEGES (College Secretaries) 
.. 

College 2: THEORY 
Becker 

College 3: FUNDAMENTAL AND 
NUCLEAR PHYSICS 
Schreckenbach 

College 4: EXCITATIONS 
Paul 

College 5: CRYSTAL AND 
MAGNETIC STRUCTURES 
Bouillot/Burke 

College 6: LIQUIDS, DISORDERED AND 
DEFECT MATERIALS 
Dianoux 

College 8: BIOCHEMISTRY 

E 
Worcester 

College 9: PHYS. CHEMISTR't7POLYMERS 
... Pai nsig non/ Oberth u r J 

DIRECTORATE 

Fender Director 
Ruppersberg Co-Director 
Winter Co-Director 

SAFETY & HEALTH PHYSICS 

Salle 

INSTRUMENT GROUPS 

3 - AXIS SPECTROMETERS 
Dorner - Stirling 

-

INSTRUMENTS FOR FUNDAMENTAL 
AND NUCLEAR PHYSICS 
Gonnenwein - Borner 

DIFFRACTOMETERS 
Brown - Lehmann 

DIFFUSE SCATTERING AND TIME 
OF FLIGHT SPECTROMETERS 
Beaufils/ Ja not - Mezei/ Heidemann 

MON OCH ROMATORS 
Freund .... 

) LIBRARY 

Castets 

SCIENTISTS' SECRETARIAT -
Parisot 

.. 
DELEGUE TECHNIQUE 

Jacquemain 

DEPARTMENTS 

INSTRUMENT OPERATION 
DEPARTMENT 

Gonnenwein 

REACTOR DEPARTMENT 
Franzetti 

TECHNICAL DEPARTMENT 
Faudou 

DEPARTMENT OF COMPUTING 
Rimmer 

ADMINISTRATION 
Grillo 

... 



Extension of the Intergovernmental 
Agreement on the I. L. L. 

The extension of the Intergovernmental Agreement on the ILL until 31 December 1992 was signed by the Ambassadors of France 
and the Federal Republic of Germany as well as by a representative of the British Government in London on 9 December 1981. 
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Visits and events • 1982 

Mr. William Shelton, British Parliamentary Under-Secretary of State of the Department of Education and Science /second from left) 
visited the ILL on 7July 1982. In the picture he is talking to Dr. B.E.F. Fender /ILL) and Dr. A . Leadbetter /Head of the Neutron Division 
of the Rutherford Appleton Laboratories; at the right) . 

On the occasion of the Spring meeting of the Scientific Council and to celebrate the 50th anniversary of the discovery of the neutron 
by Sir J . Chadwick the ILL lecture hall was named " Chadwick Amphitheatre". The "baptismal ceromony" was directed by Prof. T. 
Springer and his colleagues Dr. B.E. F. Fender and J . Winter. 
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Or. 8.E.F. Fender succeeded Prof. T. Springer as ILL 
Director on 1 October 1982. 

The Scientific Counci7 during the meeting of 15 October 1982. 

Prof. H. Ruppersberg was appointed co-Director with effect 
from 1 October 1982. 
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On the open day of 27 March 1982 more than 950 guests from Grenoble and district visited the ILL premises and laboratories. 
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director's report 

I write this report on 31 December with a view from my office of a clear blue sky and the sun on snow-covered 
mountains. It is a holiday, but all the instruments are functioning over the New Year period and there are a 
good many ILL and visiting scientists who have interrupted their holiday to make use of scarce instrument 
time. The pressure on instruments is illustrated by the last round of applications to the Scientific Council in 
October, when 2243 days were allocated out of a total demand of 5724 days. 

1982 has been a pivotal year for the lnstitut. In conjunction with the Instrument Sub-committee and the 
Scientific Council, we have taken substantial steps in planning for the new cold source to operate in 1986, so 
that the range of instruments and facil ities we can offer in the latter half of the decade is now largely clear. 
1982 has also been the first year in which there have been substantial unscheduled interruptions to the reactor 
operation. After more than ten years of remarkably reliable service much work has to be undertaken to renew 
vulnerable parts. The steps necessary will reduce the operating time for the reactor in each of the next three 
years but we can then expect to return to full operation in 1986. The modernisation programme launched in 
1979 had as a major objective the redesign and reconstruction of the reactor face instruments. The first of the 
major new instruments are undergoing tests, and outline plans for improvements to the remaining instru­
ments, although now funded by the normal budget, have been agreed during the year. 

Second cold source 
The approval of a new horizontal cold source at the end of 1981 aimed at building on the I nstitut' s strengths in 
small angle scattering, high resolution spectroscopy and the application of polarised neutrons in solid state 
physics and elementary particle physics. It also implied a degree of specialisation appropriate to an era where 
there will be significant contributions around the world from pulsed sources. On of the major beneficiaries will 
be biologists so that it was appropriate that the year should begin with the European Molecular Biology Labo­
ratory's antenna moving into its new building on the ILL site. The increased scientific interaction arising from 
close proximity has been strongly evident throughout the year and we are now deriving full benefit from the 
pioneering work of Andrew Miller and Bernard Jacrot as successive Heads of the outstation. One product of 
the enhanced collaboration is an agreement to bu ild jointly a new diffractometer (DB 21) which will use the 
scattering contrast differences of H2O and D2O to elucidate (to 10-15 A resolution) structural features of 
biological crystals (e.g. viruses) with very large unit cells up to 400 A. However, nearly all the other main 
areas of science will benefit from the plans made during 1982. We have started planning an improved triple 
axis spectrometer (IN 14) which will cover both cold and thermal neutron ranges, which should make it an 
ideal instrument to study new systems where the lattice dynamics (or the magnetic behaviour) cannot be well 
predicted. Approval has also been given for the construction of an ultra-high resolution spin echo instrument. 
The existing instrument, IN 11, which will be further improved in 1983, gives the highest resolution of any 
neutron spectrometer - down to several neV - and is producing new results in fields as diverse as micelles 
and critical magnetic scattering. The aim of IN 14 will be to provide an improvement in energy resolution by a 
further order of magnitude, thus further narrowing the gap between the energy and momentum transfer 
ranges accessible by light scattering and NSE. Although the advantages of exploring polymer dynamics down 
to very small energy transfers are clear, so far the value of such studies in biology remains a tantalisingly open 
question. 

The importance of small angle scattering studies for biology, as well as polymers, colloids and nucleation in 
metals and glasses, is of course fully established, and the competition for time on the small angle scattering 
machines has been fiercer than ever w ith many good projects having to be rejected. The first steps in defining 
a new low Q instrument for the second cold source have been taken and further consideration has been given 
to the transfer of IN 10 to the new source. Proton tunnelling spectroscopy is now a fully fledged field of study 
and IN 10 one of the most valuable instruments for physical chemists. 

Detailed consideraition has also been given to the nuclear and fundamental physics programme. Mainly the 
experiments will be of the special beam type and may include a further search for neutron-antineutron oscilla­
tions; the investigation of angular correlations between the electron and antineutrino momenta and neutron 
spin by the study of free neutron decay as well as parity non-conservation of nuclear forces by the study of 
thermal neutron-proton interactions. 
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Reactor renewal programme 
The unforeseen events in the reactor operation were the rupture of the suction pipe of the heavy water cir­
culating system, and a small leak which developed in the H 12 beam tube IN 4. The former caused a halt of 
the reactor from 20 April to 30 June, the latter an interruption from 5 July to 27 July for the routine replace­
ment of a new tube. The damaged section of the suction pipe is inspected regularly by television cameras and 
shows no sign of further deterioration. Tests on the beam tube show that the leak arose from a very fine crack 
a few centimetres from the end of the beam tube. 

The first part of a revised programme of beam tube replacement has the approval of the safety authorities and 
will take place from February to May 1983. We plan to replace the remaining beam tubes in an extended shut­
down lasting perhaps as long as 12 months, beginning mid-1984. During this period the damaged suction 
pipe will also be repaired, the new vertical cold source installed and the hot source replaced. 

Modernisation programme 
The end of 1982 sees the first substantial benefits from the modernisation of the reactor face instruments. 
The triple axis instrument IN 1 B on the hot source is being tested, as is the liquids diffractometer D 4 B. 
PN 8, the coincidence fission spectrometer which measures both the velocity and kinetic energies of corre­
lated fragments in binary fission, is working and has achieved mass resolution of one on the lighter fragment. 

Steady progress has also been made on other major projects: the diffraction instruments D 19 B, D 2 B, 
D 20 (to replace D 8, D 1 A and D 2) ; and the polarisation analysis instrument IN 20 (which will replace 
IN 2). Plans have been drawn up to considerably improve the flux on D 9 and IN 4. 

Important advances have also been made on D 7 B where supermirrors are now used routinely for the 
analysis of neutron spin. Full polarisation analysis not only allows magnetic and nuclear contributions to be 
separated, it separates incoherent and coherent contributions and so allows the individual motions and collec­
tive motions to be separately studied. Pioneering studies on liquid sodium and on a molecular crystal have 
begun in what promises to be a whole area of exciting studies. 

Scientific programme 
The strength of the lnstitut's scientific programme is the variety provided by its many visitors. But the interac­
tion with lnstitut scientists frequently shapes the particular direction of individual projects. Often this is 
through the instrumentation which is why I have laid emphasis on the instrumental progress and plans. Fre­
quently, however, it arises from scientific discussions and collaborations with in-house scientists or from col­
laborations between visitors from different laboratories (often in different countries) which the ILL catalyses. 
Many examples are provided in the following pages, but striking examples are the UK-French-German-ILL 
collaborations, which have led to considerable advances in our understanding of magnetism of transition met­
als; the CERN / Padova/Rutherford Laboratory/ILL search for baryon violations which has placed a limit on 
the neutron-antineutron oscillation time of 106 sees.; and the Berlin-ILL collaboration on the mapping of pro­
tein distribution and shapes in ribosomes. Quantitatively the vigour of the lnstitut's scientific life is seen from 
the publications by ILL staff: 

Personnel 

1978: 300 
1979 : 250 
1980: 375 
1981 : 281 
1982 : 340 

On 1 October 1982 Prof. T. Springer left the lnstitut to return to J ulich after 5 1 / 2 successful years as Assis­
tant Director and then Director, and Prof. H. Ruppersberg succeeded him as the German Assistant Director. 

Monsieur P. Nozieres was elected to the French Academy of Science, Monsieur F. Mezei to the Hungarian 
Academy of Science, Monsieur C. Janot arrived in July as the Senior Scientist with an interest in metal 
physics and disordered systems. 

College 7 has disbanded; College 6 now deals w ith defect and disordered materials as well as liquids and 
amorphous solids. The magnetic interests of College 7 are expressed in Colleges 4 and 5. The Technical and 
Computing Departments have been reorganised to allow the former to deal more readily with instruments and 
methods, and the latter to respond more easily to the changing balance between data acquisition and data 
treatment. 

B.E.F. FENDER 
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bericht des direktors 

lch schreibe diesen Bericht am 31. Dezember 1982 und blicke dabei von meinem Buro aus auf einen klaren , 
blauen Himmel und sonnige, schneebedeckte Berge. Es ist Feiertag . Doch die Experimentiereinrichtungen des 
lnstituts stehen deshalb nicht still. Eine beachtliche Anzahl der ILL-Physiker und der Gastwissenschaftler 
haben ihren Urlaub unterbrochen, um uber die Neujahrstage wertvolle Messzeit zu nutzen. Wie gross die 
Nachfrage nach Messzeit an den Experimentiereinrichtungen ist, wird durch die letzte Sitzung des Wissen­
schaftlichen Rates im Oktober illustriert : Von insgesamt 5 724 beantragten Messtagen konnten nur 2 243 
zugeteilt werden. 

1982 ist fur das lnstitut ein entscheidendes Jahr gewesen . In gemeinschaftlicher Arbeit mit dem Wissen­
schaftlichen Rat und dem Unterausschuss fur lnstrumentierung hat das lnstitut die Planung der neuen, vor­
aussichtlich 1986 betriebsfertigen Kalten Quelle in betrachtlichem Masse vorangetrieben, mit dem Ergebnis, 
dass jetzt Typ und Anzahl des in der zweiten Halfte der Achtzigerjahre zur Verfugung stehenden Angebots an 
lnstrumenten und Einrichtungen weitgehend feststehen . 1982 ist auch das erste Jahr gewesen, in dem der 
Reaktorbetrieb durch unerwartete Unterbrechungen beeintrachtigt worden ist. Nach uber 10 Jahren ausser­
gewohnlich reibungslosen Servicebetriebs kommt jetzt eine grosse Arbeitslast auf uns zu, da anfallige Reak­
torkomponenten ausgewechselt werden mussen . Die in diesem Sinne zu ergreifenden Massnahmen werden 
einen reduzierten Reaktorbetrieb in den nachsten drei Jahren zur Folge haben ; jedoch wird der Reaktor aller 
Voraussicht nach 1986 wieder voll in Betrieb sein. Eines der Hauptziele des im Jahre 1979 begonnenen 
Modernisierungsprogramms ist es, die direkt am Reaktor befindlichen lnstrumente neu zu konzipieren oder 
umzubauen . Die ersten dieser Experimentiereinrichtungen werden gegenwartig erprobt. Fur die ubrigen 
lnstrumente sind im Laufe des letzten Jahres Entwurfe fur Verbesserungsvorschlage ausgearbeitet worden, 
welche allerdings jetzt uber das Normalbudget finanziert werden. 

Zweite Kalte Quelle 
Ende 1981 ist die neue horizontale Kalte Quelle mit dem Ziel genehmigt worden, die Vorherrschaft des lnsti­
tuts in der Kleinwinkelstreuung, der hochauflosenden Spektroskopie und der Verwendung polarisierter Neu­
tronen in der Festkorper- und Elementarteilchenphysik weiter auszubauen. Dieser Beschluss bedeutet einen 
gewissen Grad an Spezialisierung, der sich in einer Epoche, wo Spallationsquellen weltweit bedeutsame For­
schungsbeitrage erbringen, als durchaus notwendig erweist. Unter anderem profitieren davon hauptsachlich 
die Biologen und es war daher angemessen, das Jahr mit dem Umzug der Aussenstelle des European Molecu­
lar Biology Laboratory in das fur es bestimmte neue Gebaude auf dem ILL-Gelande zu beginnen. Die geogra­
phische Nahe hat sich das ganze Jahr uber fruchtbar auf die Zusammenarbeit der beiden Institute ausgewirkt, 
so dass die zukunftweisenden Arbeiten von A. Miller, dem ehemaligen Leiter des EMBL und seinem Nachfol­
ger B. Jacrot jetzt ihre voile Wirkung erzielen. Ein Ergebnis dieser verstarkten, wissenschaftlichen Zusamme­
narbeit ist das gemeinsame Projekt zum Bau eines neuen Diffraktometers (DB 21 ). Mit Hilfe der Kontrastme­
thode H2O/ D2O (bis zu einer Auflosung von 10-15 Al sollen hier die strukturellen Eigenschaften biologischer 
Kristalle (z.B. Viren) mit sehr grossen Einheitszellen bis zu 400 A untersucht werden. Jedoch werden auch 
nahezu alle ubrigen wissenschaftlichen Hauptgebiete von den 1982 gefassten Planen profitieren. So hat zum 
Beispiel die Planung eines verbesserten Dreiachsenspektrometers (IN 14) begonnen, das sowohl kalte als 
auch thermische Neutronenenergien umfasst, wodurch es wahrscheinlich zu einem idealen Instrument fur die 
Untersuchung neuer Systeme werden wird, in denen die Gitterdynamik (oder das magnetische Verhalten) 
nicht sehr prazise vorausgesagt werden kann . Ebenfalls genehmigt wurde der Bau eines hochstauflosenden 
Spin-Echo Spektrometers. Das vorhandene Instrument, IN 11, das 1983 noch weiter verbessert werden wird, 
erzeugt die hochste, bis jetzt an einem Neutronenspektrometer erreichte Auflosung -bis zu mehreren Nano­
Elektronenvolt- und es werden damit Ergebnisse auf so verschiedenen Gebieten wie Mizellen und kritische 
magnetische Streuung erzielt. Mit dem neuen Instrument soil eine Verbesserung der Energieauflosung 
um eine Grossenordnung erreicht und so der Abstand zwischen dem Energie- und lmpulsubertrag noch 
verkleinertwerden, welcherder Lichtstreuung und der Spinechomethode zuganglich ist. Obwohl die Vorteile der 
Untersuchung des dynamischen Verhaltens von Polymeren bis zu sehr kleinen Energieubertragen bekannt 
sind, bleibt der Wert solcher Untersuchungen im biologischen Bereich bis jetzt noch eine drangende, offene 
Frage. 
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Die Bedeutung der Kleinwinkelstreuung fur die Biologie sowie fur Polymere, Kolloide und der Nukleierung in 
Metallen und Glasern ist !angst kein Geheimnis mehr und der Wettbewerb um Messzeit am Instrument fur 
Kleinwinkelstreuung ist intensiver denn je, mit der Folge, dass viele gute Forschungsprojekte zuruckgewiesen 
warden mussen. Die ersten Schritte zum Entwurf eines Spektrometers mit niedrigem 0 -Bereich fur die zweite 
Kalte Ouelle sind bereits getan und Oberlegungen zur Oberfuhrung des Instruments IN 10 an die neue kalte 
Ouelle wurden angestellt. Die Proton-Tunnelspektroskopie ist nunmehr ein voll entwickeltes Forschungsge­
biet. IN 10 wurde deshalb eines der wichtigsten lnstrumente der Physikalischen Chemie. 

Fur das Forschungsprogramm der Kern- und Grundlagenphysik sind ebenfalls sehr ausfurliche Oberlegungen 
angestellt worden. Es wird hauptsachlich spezielle Strahlexperimente betreffen : Eine eventuelle Fortsetzung 
der Suche nach Neutron-Antineutron-Oszillationen, sowie die Winkel- Korrelationen zwischen dem Elektron 
und den Anti-neutrino-Drehimpulsen und dem Neutronenspin mittels der Untersuchung des Zerfalls des 
freien Neutrons, und die Nichterhaltung der Paritat von Kernkraften mit Hilfe der Untersuchung der Wechsel­
wirkung von thermischen Neutronen und Protonen. 

Erneuerungsprogramm des Reaktors 
Die beiden unvorhersehenen den Reaktorbetrieb beeintrachtigenden Ereignisse waren ein Bruch im Ansaug­
rohr des Schwerwasserkreislaufs und ein kleines Leck im Strahlkanal H 12, der das Instrument IN 4 mit Neu­
tronen versorgt. Das erste Ereignis verursachte einen Reaktorausfall vom 20. April bis 30. Juni 1982, das 
zweite eine Betriebsunterbrechung vom 5. bis 27. Juli 1982 zur Ausfuhrung des Strahlrohrersatzes. Die 
beschadigte Stelle des Ansaugrohres wird nach jedem Reaktorzyklus regelmassig mit einer Fernsehkamera 
inspiziert und zeigt bisher keine Verschlimmerung des Schadens. Die soweit am Strahlkanal H 12 durchge­
fuhrten Untersuchungen haben ergeben, dass das Leck auf einen kleinen, einige Zentimeter vom Ende des 
Strahlrohres entfernt liegenden Riss zuruckzufuhren ist. Der erste Teil eines geanderten Strahlrohraustausch­
programms ist von den Sicherheitsbehorden genehmigt worden und wird anlasslich des von Februar bis vor­
aussichtlich Mai 1983 vorgesehenen Reaktorhalts durchgefuhrt werden. Die restlichen Strahlkanale sollen 
wahrend eines langen voraussichtlich Mitte 1984 beginnenden und bis zu 12 Monaten dauernden Reaktor­
stillstands ausgetauscht warden. In diesem Zeitraum soll auch das beschadigte Sammelrohr repariert sowie 
die neue senkrechte Kalte Qualle und der Ersatz der Heissen Ouelle installiert warden. 

Modernisierungsprogramm 
Ende 1982 wurden die ersten Erfolge der Modernisierung der direkt am Reaktor installierten lnstrumente 
sichtbar. Das Dreiachsen-Spektrometer IN 1 B und das Flussigkeitsdiffraktometer D 4 B beide an der 
Heissen Ouelle werden gegenwartig erprobt. PN 8, das Spaltprodukt-Koinzidenz-Spektrometer, das sowohl 
Geschwindigkeiten als auch kinetische Energien korrelierter Spaltprodukte bei der binaren Spaltung misst, ist 
in Betrieb. Es sind damit Auflosungen an leichteren Spaltprodukten von 1 Masseneinheit erzielt worden. 

Die Durchfuhrung der anderen grosseren Projekte schreitet ebenfalls stetig voran : Die Diffractometer 
D 19 B, D 2 B, D 20 (als Ersatz von D 8, D 1 A und D 2), sowie das Dreiachsenspektrometer mit Polarisa­
tionsanalyse IN 20 welches IN 2 ersetzen wird. Oberdies liegen Plane zur Erhohung des Neutronenflusses an 
D 9 und IN 4 vor. Bedeutende Fortschritte sind auch an D 7 B zu verzeichnen, wo jetzt routinemassig Super­
spiegel zur Analyse des Neutronenspins verwendet warden . Mit Hilfe der Polarisationsanalyse konnen nicht 
nur magnetische und nukleare Streuung voneinander getrennt werden, sondern auch koharente und nicht 
koharente Beitrage, was die getrennte Untersuchung individueller und kollektiver Spin-Bewegungen ermog­
licht. Pionierarbeit wird auch seit kurzem mit der Untersuchung von flussigem Natrium und eines Molekular­
Kristalls geleistet, ein hinsichtlich seiner Forschungmoglichkeiten hochst vielversprechendes Gebiet. 

Wissenschaftliches Programm 
Die Starke des wissenschaftlichen Programms des lnstituts beruht auf der Vielfalt des von den Gastwissen­
schaftlern am ILL durchgefuhrten Experimentierprogramms. Doch tragt die Wechselwirkung mit den ILL Wis­
senschaftlern ebenfalls haufig entscheidend dazu bei, einzelnen Projekten eine bestimmte Richtung zu verlei­
hen. Oft geschieht dies bei der Definition der lnstrumentierung und deshalb habe ich auch gerade besonderes 
Gewicht auf instrumentelle Planung und Fortschritt gelegt. Haufig nimmt ein Projekt erst bei wissenschaftli­
chen Gesprachen und in der Zusammenarbeit mit ILL-Wissenschaftlern oder durch den lnformationaustausch 
zwischen Gastforschern aus verschiedenen Laboratorien (und oft aus verschiedenen Landern) Gestalt an, 
wobei das ILL als Katalysator wirkt. Dies wird auf den nachsten Seiten an zahlreichen Beispielen illustriert : 
Besonders eindrucksvoll ist die britisch-deutsch-franzosische Zusammenarbeit mit ILL-Wissenschaftlern, die 
zu entscheidenden Fortschritten in der Kenntnis des magnetischen Verhaltens in Obergangsmetallen gefuhrt 
hat, sowie die gemeinsame Suche der Laboratorien CERN, Padua, Rutherford, ILL nach der Verletzung der 
Baryonenzahl, wobei fur die Neutron-Anti-Neutron Oszillationszeit eine Grenze von 106 Sekunden erreicht 
wurde oder die Zusammenarbeit zwischen Berlin und dem ILL zur Ermittlung der Proteinverteilung und 
-gestalt in Ribosomen. Rein quantitativ gesehen zeigt die Anzahl der von ILL-Wissenschaftlern verfassten 
Veroffentlichungen die intensive wissenschaftliche Tatigkeit des lnstituts : 
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Personalnachrichten 

1978 : 300 
1979 : 250 
1980 : 375 
1981 : 281 
1982 : 340 . 

Am 1. Oktober 1982 hat Professor T. Springer das lnstitut nach funfeinhalb erfolgreichen Jahren als stellver­
tretender Direktor und Direktor verlassen und ist nach Julich zuruckgekehrt. Herr Professor Ruppersberg hat 
als stellvertretender Direktor seine Nachfolge angetreten. 

Herr P. Nozieres wurde in die franzi:isische und Herr F. Mezei in die ungarische Akademie der Wissenschaften 
gewahlt. Herr C. Janot Obernahm im Juli seine Funktion als Senior Scientist, mit speziellem lnteresse fur 
Metall-Physik und ungeordnete Systeme. 

Kollegium 7 ist aufgeli:ist ; Kollegium 6 hat davon den Bereich der defekten und ungeordneten Systeme in 
Werkstoffen sowie Flussigkeiten und amorphe Substanzen Obernommen, wahrend Kollegium 4 und 5 die 
magnetischen Arbeiten von Kollegium 7 fortfuhren. Die technische und die lnformatik-Abteilung sind umor­
ganisiert warden, mit dem Ziel, der technischen Abteilung die Methodenentwicklung und den lnstrumenten­
bau zu erleichtern, sowie der lnformatik die Mi:iglichkeit zu geben, flexibler auf Schwerpunktverschiebungen 
zwischen Datenerfassung und Datenverarbeitung zu reagieren. 

B.E. FENDER 
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rapport du directeur 

C'est avec sous les yeux le spectacle d'un ciel bleu sans nuages et du soleil sur les montagnes ennei­
gees que j'ecris ce rapport, ce 31 decembre. C'est la periode des vacances de Nouvel An, mais tous 
les instruments continuent de fonctionner et ban nombre de scientifiques de l'ILL et des chercheurs 
invites ant interrompu leurs conges pour profiter d'un temps d'utilisation des instruments qui est denree 
rare. Ce probleme de temps d'utilisation des instruments apparaft en regardant les dernieres proposi­
tions soumises au Conseil Scientifique, en octobre : seulement 2 243 jours ant ete alloues pour une 
demande totale de 5 724 jours. 

1982 a marque pour l' I LL un tournant. En accord avec le Sous-Comite Instruments et le Conseil Scienti­
fique, nous avons serieusement avance dans le programme de mise en route de la nouvelle source froide 
prevue pour 1986, de sorte que !'ensemble des instruments et des equipements qui seront disponibles 
dans la deuxieme partie de cette decennie est maintenant bien defini. 1982 s'est egalement averee etre la 
premiere annee pendant laquelle le reacteur aura connu des arrets de fonctionnement importants non 
prevus. Apres plus de 10 ans de fonctionnement remarquablement fiable, ii faut maintenant entreprendre 
le remplacement des parties vulnerables. Les travaux necessaires entrai'neront une reduction du temps de 
fonctionnement du reacteur pendant les trois annees a venir, mais on devrait revenir a un fonctionnement 
a temps complet en 1986. Le programme de modernisation lance en 1979 avait pour principal objectif 
la reconception et la reconstruction des instruments situes pres du reacteur. Des essais sont en cours sur 
les premiers des principaux nouveaux instruments. Les previsions globales pour !'amelioration des autres 
instruments, bien que maintenant payes par le budget normal, ant ete approuves cette annee. 

Deuxieme source froide 
L'accord concernant une source froide horizontale a ete acquis fin 1981, et permettra d'ameliorer les 
capacites de l'lnstitut dans le domaine de la diffusion aux petits angles, de la spectroscopie a haute reso­
lution, de !'application des neutrons polarises a la physique de l'etat solide et de la physique des particules 
elementaires. Cela impliquera aussi un degre de specialisation approprie pour une epoque ou d'impor­
tantes contributions provenant des sources a spallations vont apparai'tre dans le monde entier. Les biolo­
gistes en seront parmi les principaux beneficiaires, ii etait done normal que l'annee commence avec 
l'emmenagement de l'antenne du Laboratoire de Biologie Moleculaire Europeen dans les nouveaux locaux 
sur le site de l'ILL. L'interaction scientifique importante due a cette proximite s'est fortement manifestee 
pendant toute l'annee, et nous tirons maintenant grand benefice du travail de pionnier d' Andrew Miller et 
de Bernard Jacrot, responsables successifs de l'antenne. Un des fruits de cette collaboration accrue est 
la decision commune de construire un nouveau diffractometre DB 21 qui utilisera les differences de 
contraste de diffusion de H2O et D2O pour determiner (jusqu'a une resolution 10-15 A) les caracteristiques 
structurelles des cristaux biologiques (par exemple des virus) avec des cellules elementaires tres grandes 
(jusqu'a 400 A). Cependant, presque tous les autres domaines scientifiques principaux beneficieront aussi 
des projets faits en 1982. 

Nous avons commence l'etude d'un spectrometre a 3 axes (IN 14) qui couvrira a la fois les gammes des 
neutrons froids et des neutrons thermiques, ce qui devrait en faire !' instrument ideal pour l'etude de nou­
veaux systemes pour lesquels la dynamique de reseau (ou le comportement magnetique) ne peut etre 
theoriquement prevue. L'approbation a egalement ete donnee pour la construction d'un instrument spin­
echo a tres haute resolution . L' instrument actuel, IN 11, qui sera ameliore courant 1983, donne la plus 
haute resolution possible parmi les spectrometres neutroniques - jusqu'a plusieurs nanoelectron volts -
et produit de nouveaux resultats dans des domaines aussi divers que les micelles ou la diffusion magne­
tique critique. IN 14 aura pour but d'obtenir un ordre de grandeur supplementaire en resolution d'energie 
ce qui reduira encore l'ecart entre les gammes d'energie et de transfert d'impulsion accessibles par diffu­
sion de la lumiere et par spin echo neutronique. Bien que les avantages de l'etude de la dynamique des 
polymeres jusqu'a de tres petits transferts d'energie soient clairs, jusqu 'a ce jour, l'interet de telles etudes 
en biologie demeure une question ouverte et bien tentante. 
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L'importance des etudes de la diffusion aux petits angles pour la biologie ainsi que pour les polymeres, les 
collo'ides et la nucleation dans les metaux et les verres, est bien sGr tout a fait reconnue, et la competition 
pour le temps de machines a diffusion aux petits angles a ete plus severe que jamais ; plus d'un bon 
projet a dG etre ainsi refuse. Les premieres reflexions ont ete faites pour definir un nouvel instrument a 
faible Q pour la deuxieme source froide et le transfert de IN 10 aupres de la nouvelle source a aussi ete 
reexamine. La spectroscopie d'effet tunnel des protons est maintenant un domaine d'etude bien etabli, et 
IN 10 est l'un des instruments les plus precieux pour les physicochimistes. 

Le programme de physique nucleaire et fondamentale a egalement ete examine soigneusement. Les expe­
riences seront principalement du type faisceau special (S-experiment) et pourront comprendre : une nou­
velle etude des oscillations neutron-antineutron, l'etude des correlations angulaires entre les impulsions 
d'electrons, d'antineutrino et le spin neutronique par l'etude de la desintegration du neutron libre ; ainsi 
que la non-conservation de parite dans les forces nucleaires par l'etude des interactions neutron ther­
mique-proton. 

Programme de renovation du reacteur 
Les evenements imprevus dans le fonctionnement du reacteur ont ete : la rupture de la crepine du sys­
teme de circulation d'eau lourde et une legere fuite sur le canal H 12 (IN 4). Le premier incident a cause 
un arret du reacteur du 20 avril au 30 juin, le deuxieme une interruption du 5 au 27 juillet pour le rempla­
cement standard du canal. La partie endommagee de la crepine est regulierement controlee par des 
cameras de television et ne montre aucun signe d'evolution . Des essais ont revele que la fuite du canal 
H 12 provenait d'une fissure tres legere a quelques centimetres du bout du canal. 

La premiere partie d'un nouveau programme pour le remplacement des canaux a obtenu !'approbation des 
autorites de securite et aura lieu de fevrier a mai 1983. Nous projetons de rem placer les autres canaux 
pendant un arret prolonge qui pourrait durer jusqu'a 12 mois, commern;:ant milieu 1984. Pendant cette 
periode, la crepine endommagee sera egalement reparee, la nouvelle source froide verticale sera installee 
et la source chaude remplacee. 

Programme de modernisation 
La fin de 1982 aura vu les premieres consequences importantes dues a la modernisation des instruments 
situes pres du reacteur. Des tests sont en cours sur !'instrument a 3 axes IN 1 B (utilisant les neutrons de 
la source chaude) , ainsi que sur le diffractometre a liquide D 4 B. Le spectrometre a fission de co'inci­
dence PN 8, qui mesure la vitesse et l'energie cinetique des fragments correles dans la fission binaire, est 
en bon etat de marche et a reussi une resolution de masse unite pour les fragments les plus legers. 

Des progres reguliers ont egalement ete faits sur les autres projets importants : instruments a diffraction 
D 19 B, D 2 B, D 20 (en remplacement de D 8, D 1 A et D 2) ; et !'instrument d'analyse de polarisation 
IN 20 (qui remplacera IN 2). Une amelioration considerable du flux sur D 9 et IN 4 est prevue. 

D'importants progres ont egalement ete faits sur D 7 B ou des supermiroirs sont maintenant utilises de 
fac;:on reguliere pour !'analyse du spin neutronique. Une analyse de la polarisation permet non seulement 
la separation des contributions magnetiques et nucleaires, elle separe aussi les contributions coherentes et 
incoherentes et permet ainsi une etude separee des mouvements individuels et des mouvements collectifs. 
De nouvelles etudes sur le sodium liquide et sur les cristaux moleculaires ont commence dans ce qui 
promet d'etre un tout nouveau domaine d'etudes interessantes. 

Programme scientifique 
La rigueur du programme scientifique de l'lnstitut vient de ce qu'il est alimente de fac;:on tres variee par 
ses nombreux visiteurs. Mais !'interaction avec les scientifiques de l' lnstitut determine souvent !'evolution 
des projets individuels. Cela se produit d'ailleurs souvent par les ameliorations des instruments et des 
techniques ; c'est pourquoi j'ai particulierement souligne les progres et les projets concernant les instru­
ments. Frequemment, cependant, c'est a partir de discussions scientifiques et de collaborations avec les 
scientifiques de l'ILL ou de collaboration entre les visiteurs des differents laboratoires (souvent de pays 
differents) que l' ILL donne a la science une valeur ajoutee. On en trouvera de nombreux exemples dans 
les pages suivantes, mais les exemples les plus significatifs sont les collaborations entre anglais, franc;:a is 
et allemands, et des chercheurs de l' ILL qui ont entraine des progres considerables dans notre comprehen­
sion du magnetisme des metaux de transition, la recherche CERN / Padoue/ Laboratoire de Rutherford / ILL 
des violations baryoniques qui a fixe une limite de 106 secondes au temps d'oscillation neutron-antineutron 
et la collaboration Berlin / ILL pour la representation spatiale de la distribution et des formes des proteines 
dans les ribosomes. De fac;:on quantitative, la vigueur de la vie scientifique de l' lnstitut se mesure par le 
nombre de publications fa ites par le personnel ILL : 
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Personnel 

1978 : 300 
1979 : 250 
1980 : 375 
1981 : 281 
1982 : 340. 

Le 1 "' octobre 1982, le Professeur T. Springer a quitte l'lnstitut pour retourner a Julich apres cinq annees 
et demie de succes en tant que Directeur Adjoint, puis Directeur, et le Professeur H. Ruppersberg lui a 
succede en tant que Directeur Adjoint allemand. 

M . P. Nozieres a ete elu a l'Academie des Sciences fran<;:aise, M. F. Mezei a l'Academie des Sciences 
hongroise, M. C. Janot est arrive en juillet en tant que Senior Scientist s'interessant a la physique des 
metaux et aux systemes desordonnes. 

Le College 7 a ete dissous. Le College 6 s'occupe maintenant des defauts et des materiaux desordonnes 
ainsi que des liquides et des solides amorphes. Les sujets magnetiques de !'ex-College 7 sont repartis dans 
les Colleges 4 et 5. Les Departements Technique et lnformatique ont ete reorganises pour permettre au 
premier de s'occuper plus efficacement des instruments et des methodes, et au second de repondre plus 
facilement a l'equilibre changeant entre !'acquisition et le traitement des donnees. 

B.E.F. FENDER 
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Introduction 

During 1982, certain facets of the moder­
nisation programme have been adapted 
to reflect both the concurrence and the 
increasing impetus of the beam tube re­
placement project. The decision was 
taken during the year to postpone the in­
stallation of the replacement vertical cold 
source because of the slight risk of 
damage to the thimbles H 1 / H 2 and 
there have also been delays to the com­
missioning and instrument calibration 
tests of PN 8, IN 1 B and D 4 B. By the 
end of 1982 these instruments were ap­
proaching the end of this phase and will 
be scheduled when the scientific pro­
gramme recommences in May 1983 after 
the 4 month shutdown of the reactor. 

IN 20 monochromator drum has now 
been delivered and filled and together 
with the secondary spectrometer will be 
assembled and tested in the test hall be­
fore installation in the reactor towards 
the end of 1983. 

Improvements to IN 11 to increase the 
data collection rate are in progress. A 
multiple detector bank, wide angle mag­
net and correction coils will be installed. 
D 7 has commenced operation in the po­
larisation analysis mode. 600 supermir­
rors for polarisers and analysers have 
been manufactured, tested and installed. 

In the field of Ultra Cold Neutrons, the 
new external superthermal UCN source 
has been delivered and installed. Com­
missioning tests are now taking place to 
optimise the operational conditions and 
evaluate the performance. 

Also in 1982 decisions were taken on in­
struments for the second cold source. In­
itially there will be a 3-axis spectrometer, 
small angle diffractometer for biological 
work, high resolution N.S.E. spec­
trometer and a nuclear fundamental 
physics beam position. 

Important consideration has been given 
to the supply of ancillary equipment 
(magnets, cryostats and furnaces) to 
satisfy the increasing demand for "ex­
otic" sample environments but requests 
for extreme temperatures can still only be 
satisfied with equipment operating under 
development conditions. 

Significant progress has been noted dur­
ing the year in the field of monochro­
mator production and supply and certain 
aspects will be described in detail in the 
instrument operation section . 

Finally, plans were made during 1982 for 
the change-over of the last two instru­
ments on the CARINE system and to­
wards the end of 1983, all instrument 
control and data collection will be ef­
fected by dedicated mini-computers. 

Einleitung 

Im Jahre 1982 mussten Teile des Moderni­
sierungsprogramms aufgrund der Gleichzei­
tigkeit und der Dringlichkeit des Strahlrohr­
Austauschprojekts neu geplant werden . Ge­
gen Jahresmitte fiel die Entscheidung, den 
Einbau des Ersatzes der neuen vertikalen 
Quella zu verschieben, da diese Arbeiten ein 
gewisses Risiko fur die Strahlrohre H 1 / H 2 
bedeutet hatten. Ebenso ergaben sich Ver­
zogerungen bei der Abnahme, Justierung 
und Eichung von PN 8, IN 1 B und D 4 B. 
Bei Jahresende niiherte sich die Testphase 
dieser lnstrumente ihrem Abschluss und al­
ler Voraussicht nach werden diese Geriite 
zur routinemiissigen Benutzung im Mai 1983 
zur Verfugung stehen, wenn der HFR nach 
viermonatigem Stillstand seinen Betrieb wie­
der aufnehmen wird. 

Die Monochromatortrommel fur IN 20 wur­
de geliefert, mit Abschirmmaterial gefullt, 
wird gegenwiirtig in der Versuchshalle zu­
sammen mit dem Sekundarspektrometer 
aufgebaut und getestet, und wird gegen 
Ende 1983 an seinem Strahlrohr H 13 instal­
liert warden. An IN 11 warden gegenwiirtig 
Verbesserungen zur effizienteren Datener­
fassung vorgenommen, die die Installation 
einer Vielfachdetektor-Bank mit Weitwinkel­
magnet und Korrekturspulen vorsehen . D 7 
hat seinen Betrieb mit Polarisationsanalyse 
aufgenommen. Sechshundert Superspiegel 
zur Verwendung als Polarisatoren und Ana­
lysatoren wurden angefertigt, getestet und 
eingebaut. 

Auf dem Gebiet der Ultrakalten Neutronen 
ist die Lieferung und der Aufbau der neuen, 
externen superthermischen Quelle zu erwiih­
nen. Eichmessungen zur Optimalisierung der 
Betriebsbedingungen und zur Erfassung ih­
res Wirkungsgrades sind im Augenblick im 
Gange. 

Im vergangenen Jahr wurde ebenso die Ent­
scheidung zum Bau von lnstrumenten an der 
zweiten kalten Qualle getroffen. Zuniichst 
werden gebaut werden : Ein Dreiachsen­
spektrometer, ein Kleinwinkeldiffraktometer 
fur biologische Arbeiten, ein hochauflosen­
des Spin-Echo-Spektrometer sowie eine 
Strahlposition fur Experimente auf dem Ge­
biet der Grundlagen- und Kernphysik. 

Grosses Gewicht wurde auf die quantitative 
und qualitative Verbesserung der Hilfsgeriite 
an den lnstrumenten gelegt (Magnate, 
Kryostate, Oten), um der steigenden Nach­
frage nach " exotischen Probenumgebun­
gen" gerecht zu warden . Nachfragen nach 
extremen Probentemperaturen konnten je­
doch oft nur mit Hilfe von Geriiten befriedigt 
warden, welche sich noch im Entwicklungs­
stadium befinden. 

Betriichtlicher Fortschritt war im letzten 
Jahr auch auf dem Gebiet der Monochro­
matorproduktion zu verzeichnen. Gewisse 
damit im Zusammenhang stehende Aspekte 
sind im entsprechenden Abschnitt des Kapi­
tels " lnstrumentenbetrieb" beschrieben. 

Abschliessend sei erwahnt, dass der Wach­
set vom CARINE-System zu einem instru­
menteigenen Rechner an den letzten beiden 
Geraten eingeleitet wurde und gegen Ende 
1983 vollzogen sein musste. Ab diesem 
Zeitpunkt warden somit die Betriebskontrol­
le und Datenfassung an alien Geriiten von 
Kleinrechnern vorgenommen warden . 
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Introduction 

En 1982, certains aspects du programme 
de modernisation ant ate modifies pour 
refleter !' importance croissante et le 
developpement simultane du projet de 
remplacement des canaux. II a ate decide 
au cours de l'annee de reporter !'installa­
tion du remplacement de la source froide 
verticale en raison d'un lager risque 
d ' incident sur les doigts de gant 
H 1 / H 2 . Des retards ant egalement eu 
lieu dans la mise en service et les tests 
d'etalonnage des instruments PN 8, 
IN 1 B et D 4 B. Fin 1982, cette phase 
etait pratiquement terminee et les instru­
ments sont prevus pour la reprise du pro­
gramme scientifique en mai 1983 apres 
l'arret du RHF de 4 mois. 

Le tambour de monochromateur de 
IN 20 a ate livre et rempli de matiere de 
protection. II sera monte et teste en 
meme temps que le spectrometre secon­
daire dans le hall d'essais avant d'etre ins­
talle dans le reacteur vers la fin 1983. 

Des ameliorations sur IN 11 portant sur 
!'augmentation du taux d'acquisition de 
donnees sont en cours . Un bane de 
detecteurs multiples, un aimant a grands 
angles et des bobines de correction ant 
ate installes. D 7 a commence son fonc­
tionnement selon le mode d'analyse de 
polarisation . Six cents supermiroirs pour 
polarisateurs et analyseurs ant ate fabri­
ques, testes et installes. 

Dans le domaine des neutrons ultra­
froids, la nouvelle source exterieure et 
superthermique a ate livree et installee. 
Des tests pour la mise en service sont 
actuellement en cours afin d'optimaliser 
les conditions de fonctionnement et 
d'evaluer la performance. 

En 1982 egalement, des decisions ant ate 
prises concernant les instruments a la 
deuxieme source froide. Tout d'abord, ii 
y aura un spectrometre a 3 axes, un dif­
fractometre a petits angles pour des 
echantillons biologiques, un spectra­
metre a spin-echo a tres haute resolution 
ainsi qu'une position de canal pour des 
experiences en physique nucleaire et fon­
damentale. 

Une importance preponderante a ate 
accordee a l'equipement auxiliaire (ai­
mants, cryostats, fours) afin de satisfaire 
la demande croissante concernant des 
environnements " exotiques" d'echantil­
lons. Cependant, pour faire face a la 
demande de temperatures extremes, du 
materiel etant encore en developpement 
a souvent d0 etre utilise. 

Un progres considerable a ate note dans 
le domaine de la production et de l'appro­
visionnement en monochromateurs. Cer­
tains aspects sont decrits en detail dans 
la section "Instrument Operation Depart­
ment". 

Finalement, des plans ant ate faits en 
1982 pour le transfert des deux derniers 
instruments su systeme CARINE sur un 
ordinateur en ligne. Vers la fin 1983, tout 
le controle d'instrument et toute !'acqui­
sition de donnees seront effectues par 
des mini-ordinateurs directement relies. 



beam-time allocation 
and instrument statistics 

Table 1 - The reactor has operated for 236 days (to 1 February 1983), Operating time which was 
affected by unscheduled shut-downs was recuperated by extending the reactor cycles to 
1 February 1983. Experimental periods which were lost due to reactor faults have been 
rescheduled using instrument test times except in the few cases where special conditions 
applied. 

Instrument Scheduled Coll. Coll. Coll. Coll. Coll. Coll. Coll. 
Operating 3 4 5 6 7 8 9 

Time (days) 

IN 1 0 

IN 2 191 171 20 

IN 3 173 153 20 

IN 4 199 35 40 49 75 

IN 5 199 25 4 57 113 

IN 6 185 11 31 40 5 98 

IN 8 74 74 

IN 10 200 21 59 9 111 

IN 11 194 21 5 16 36 36 80 

IN 12 180 143 14 23 

IN 13 165 46 19 100 

D 1 A 190 163 13 14 

D 1 B 133 58 5 8 62 

D2 179 47 81 30 21 

D3 218 218 

D4 0 

D5 184 14 122 20 28 

D7 151 14 114 23 

D8 196 156 40 

D9 183 177 6 

D 10 114 26 70 5 13 

D 11 188 41 65 81 

D 15 115 109 

D 16 134 14 8 45 67 

D 17 195 6 20 88 81 

D 18 50 8 28 

PN 1 0 

PN 2 199 199 

PN 3 205 205 

PN 6 224 224 

PN 8 132 132 

Instrument test, 
experiment change­

over and minor repairs 

45 

63 

37 

37 

51 

60 

36 

42 

56 

71 

46 

59 

57 

18 

52 

85 

40 

53 

122 

48 

35 

102 

41 

186 

37 

31 

12 
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Comments 

Instrument installation 
and commissioning. Cf. D 4 

Four experiments lost due to urgent 
replacement of beam tube H 12 

In addition, 102 days backlog arising 
from instrument modifications, 
were scheduled in 1982 

Test t ime includes supermirror 
development 

Modifications made to Chopper 
supply system 

Additionally 44 days backlog due 
to electronic and multidetector 
malfunction, were scheduled 

Instrument installation 
and commissioning . Cf. IN 1 

Extensive modifications and resulting 
instrument test 

Instrument tests for spin-echo feasibil ity 

Instrument removed October 1982 
prior to beam tube IH 4 exchange 

Instrument and multidetector 
undergoing commissioning in available 
test time 

Final scheduling period . Instrument 
converted to special beam installation 

Instrument removed for beam tube 
exchange 

Commissioning experiments only 



Table 2 - Special Beam Experiments carried out, in progress or under preparation during 1982. 

In addition to the 35 permanently installed instruments the ILL is operating a number of special beam facil ities (so-called S experi­
ments). These are normally under the full scientific responsibility of external research groups and do not follow the usual scheduling 
procedure. Technical help and financial support is essentially provided by the external groups. Nevertheless, these facilities are also 
supported by the ILL to a limited extent and external groups are encouraged to submit proposals for such experiments. 

Experiment 
Number 

3-07-003 / 4 

3-07-002 

7-04-008 

3-05-009 

3-12-13 

01-003 

3-13-45 

3-13-46 

3-13-47 

7-03-232 

5-16-140 

5-16-147 

7-04-005 

3-03-008 

3-03-008 

Beam 
Position 

H 142 

H 142 

H 16 

H 17 

H 17 

H 18 

H 21 

H 22 

H 22 

H 22 

H 24 

H 24 

H 24 

H 24 

H 25 

H 25 

IH 3 

IH 3 

Proposed by 

Heidelberg 
Stanford Univ. 

ILL, Harvard, ISN 

Berlin, Munich 

Bonn Univ. 

Rutherford, ILL 

CERN, Rutherford, 
Sussex Univ., 
Padua Univ. 

Braunschweig 

Sussex Univ., ILL 

Surrey Univ. 

Darmstadt, Bordeaux, 
Sussex Univ., 
Braunschweig, ILL 

ISPRA 

Stuttgart 

Univ. of Hull, CENG 

Strathclyde Univ. 

Munich Univ. 

Marburg Univ. 

Sussex Univ., 
Harvard, Munich 

Sussex Univ., 
Harvard Univ. 

Title Time 
Allocated 

Weak magnetism in decay of free neutrons. 2 cycles 
Neutrons lifetime determination w ithout use 
of nuclear neutron capture data 

Further search for parity violation in neutron- 1 cycle 
proton capture 

Determination of range profiles and lattice positions Long-term 

Magnetic bottle for neutron storage at external Long-term 
UCN source 
Commissioning superthermal UCN source 3 cycles 

Search for NN transitions 6 cycles 

Experimental determination of h/ m Long-term 

Magnetic moments of excited states populated 21 days 
by neutron capture 

Fundamental aspects of neutron tomography 14 days 

7 in-beam fission experiments; (n,a ), (n ,y), (n ,F) 6 cycles 
reactions 

Dual polarized beams from perfect crystals 28 days 

Comparison of macroscopic & microscopic thermal 6 cycles 
expansion 

Spiral spin domains in Holmium 20 days 

Neutron topography of organic crystals 14 days 

Determination of concentration profiles by (n,y) Long-term 
and (n,p) reactions 
In-beam NMR Long-term 

Magnetic neutron bottle Long-term 

Search for EDM of the neutron Long-term 
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new sources 

Improved Vertical Cold Source 

This re-designed cold source replaces the existing 
one and, by virtue of a re-entrant thimble pe­
netrating to the centre of the D2 moderator ves­
sel, increases the intensity for all cold neutron 
guides by almost a factor of 2. The installation of 
a vertical neutron guide is planned which will de­
liver neutrons of 50m / sec to be decelerated by a 
Steyer! turbine for obtaining ultra-cold neutrons. 
The expected UCN flux will be much higher than 
presently available at PN 5. 

The exchange of the vertical cold source by the 
above replacement was initially planned for 
Spring 1983 . However, due to the possibility of 
disturbing the cold neutron guide noses, this 
exchange has been postponed until mid-1984 
(in the frame-work of the long shut-down in 
1984 / 85) . 

Liquid He UCN Source 

The source has been operating since mid-1982. 

At its base temperature 0.5 K the detected UCN 
density is 1-1 .5 UCN cm - 3 and UCN life-times of 
60 s have been achieved. This is in agreement 
with the predicted values taking into account the 
transmission losses (factor of - 10) in the Al 
membranes and in the guides. The development 
of less absorbing membranes is in progress . 

Second Cold Source 

The beam position envisaged for this new source 
which is expected to be operational in 1985/ 86 is 
H 5, presently feeding D 3. It will be equipped 
with two guides, one being straight to allow for a 
substantial flux increase in the range 2-6 A and 
the other curved for instruments requiring longer 
wave-lengths (up to 25 A). 

The design of the source is progressing to 
schedule. A mock-up has been successfully 
tested (see section of Reactor Department). The 
construction of the associated Guide Hall will 
commence in early 1983 and will be finished by 
1984. 

The new liquids diffractometer D48 
is presently being tested and will be 
available to users as from 
Summer 1983 
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INSTRUMENTS 

OPERATIONAL 
■ D13 Crystal testing facility 

■ D1A Two-axis (powders) • ■ D15 Mark VI diffractometer (single crystals) 

■ D1B Two-axis (powders) ■ D16B Mark VI diffract. ( multidetector for single crystals) 

■ D2 Two-axis (powders, single crystals) • ■ D17 Small angle scattering camera 

■ D3* Polar. n-diffractometer ■ D18 Neutron interferometer 

■ D4B Two-axis (liquids) ■ IN1B Three-axis spectrometer 

■ D5* Polaris. analysis diffractometer ■ IN2 Three-axis spectrometer • 
■ D7B* Diffuse scattering facility ■ IN3 Three-axis spectrometer 

N 
■ D8 Four-circle diffractometer • ■ IN4 TOF spectrometer 

<O 
■ ■ DS- Four-circle diffractometer IN5 TOF spectrometer 

■ D10 Four-circle diffractometer ■ IN6 TOF spectrometer 

■ D11 Small angle scattering camera ■ INS Three-axis spectrometer 

* Polarized neutrons 

NOT YET OPERATIONAL 
■ D2B • Two-axis (high-intensity, high res., for powders), replacing D1 A 
■ D20 • Two-axis (high-intensity; for powders), replacing D2 
■ D19 • Two-axis (multidetector; for single crystals), replacing DB 
■ IN20 • •Three-axis spectrometer with polaris. analysis, replacing IN2 

r 

■ IN10B Backscattering spectrometer 

■ IN11 • Spin-echo spectrometer 

■ IN12 Three-axis spectrometer 

■ IN13 Backscattering spectrometer 

■ PN1 Fission product spectrometer 

■ PN2 Conversion electron spectrometer 

■ PN3 Gamma-ray spectrometer 

■ PN4 Anti-compton spectrometer 

■ PN5 Ultra cold neutron source 

■ PN6 Fission product spectrometer 

■ PN7B* Polar. beam (fund. physics) 

■ PN8 Fission product coincidence spectrometer 

IICOND COLD IIOUIICII~ 
Approved instrument projects: 
IN14 Triple-axis spectrometer 
IN15 High resolution spin-echo spectrometer 
DB21 Small angle diffractometer for biology 
FP Polarized beam for fundamental physics 
MD Multidetector test position 
Approved transfers of instruments (final site not yet defined) 
PN8 Fission product coincidence spectrometer 
IN108 Backscattering spectrometer 
Other projects: 
SAS Small angle scattering instrument with low Q 

High resolution powder diffractometer 



instrument projects 
at the second cold source (HCS) 

The following projects were recommended by the 
Scientific Council. 

New Triple-Axis Spectrometer 

W.G. Stirling and R. Pynn . 

That the ILL has made many outstanding contri­
butions to different fields of scientific activity is 
due in no small measure to the existence of its 
excellent cold source. High fluxes of long wave­
length neutrons have allowed studies, ranging 
from biology, through solid state physics, to 
fundamental physics, which would otherwise be 
extremely difficult (and are frankly not possible at 
other reactors) . One of the advantages of such 
long wavelength neutrons is that they allow good 
energy resolution to be obtained. A particular ef­
fort has been made at ILL to develop instru­
mentation for neutron scattering with very good 
resolution in energy (e.g. IN 10, IN 11, IN 13). In 
general, however, this energy resolution is ob­
tained at the expense of wavevector resolution or 
intensity, or often both . So, many studies in solid 
state science which require both good energy and 
wavevector resolution become extremely difficult 
on such instruments (e.g. studies of structural 
phase transitions, critical scattering , etc.) . This is 
not the case for high-resolution three-axis spec­
trometers. 

Although the triple-axis crystal spectrometer has 
been in use at neutron scattering laboratories for 
some twenty-five years, it remains one of the 
most valuable tools for detailed studies of the 
dynamical response of a sample. In particular, 
where controlled (and understood) resolution in 
both energy and wavevector are required, this 
type of instrument is still unchallenged . Indeed in 
many neutron laboratories, triple-axis spec­
trometers are the principal instruments used in 
condensed matter research. 

At ILL, the cold neutron instrument IN 12 has 
permitted a wide range of low-energy experiments 
to be performed with excellent instrumental re­
solution. Similar (though less powerful) instru­
ments now exist at several laboratories. It should 
be noted that experiments within the subject 
areas of Sub-committees 6 and 9 have been per­
formed on IN 12, but the majority of IN 12 
proposals have naturally been considered · by Sub­
committee 4. Although the 'load-factor' (time re­
quested/time available) is not a number which ne­
cessarily describes completely the situation, IN 12 
has always been substantially oversubscribed, 
with a load-factor of typically about 2.5 . The 
provision of a new three-axis instrument on the 
horizontal cold source would help to alleviate this 
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problem . In several respects the new instrument 
would be superior to IN 12 and would allow ex­
periments to be performed which are at present 
extremely difficult or which require time on more 
than one instrument . 

The instrument will provide a much improved flux 
between 2 A and 4 A - where IN 12 is penalised 
by the guide curvature - while being more than 
competitive at longer wavelengths. One can 
estimate flux gains, compared with IN 12, of 
order 10 at 2 A, 2.6 at 4 A and 2 at 6 A. 

Notice also that the new source should provide 
fluxes comparable to those of thermal beam 
tubes at around 3 A. Thus we can reasonably 
expect to have an instrument with high incident 
flux between 2 A and 6 A, providing a uniquely 
flexible spectrometer. In particular, the same 
instrument can be used at the graphite filter 
wavelength of 2.35 A and at high-resolution 
(Be-filter) wavelengths of greater than 4 A. So 
the dynamic range of the instrument would be 
extremely wide, with incident neutron energies 
between about 20 meV and 2 .0 meV available. Of 
course, this implies a correspondingly wide range 
of instrumental resolution. 

The main design features of the proposed instru­
ment will be very similar to the other three-axis 
instruments recently built or under construction 
(IN 1, IN 8, IN 12, IN 20) . 

Summary: The new three-axis instrument will be 
an extremely flexible instrument with a dynamic 
range and incident flux unmatched at any labo­
ratory . A very wide range of complete measure­
ments will be possible using this spectrometer. 
The provision of polarisation analysis will further 
extend the range of applications. 

High Resolution 
Spin-Echo Spectrometer 

F. Mezei . 

The high resolution provided by the IN 11 NSE 
spectrometer opened up the possibility of inves­
tigation of a number of new phenomena, espe­
cially in small angle scattering . At the same time 
it also became clear that further improvement 
of the resolution would be a direct benefit in 
these studies. In particular, in the investigation of 
the dynamics of macromolecular systems, such as 
polymers, micelles and biological matter, the in­
strument is often used at the limit of its capabili­
ties, and there is still a big gap between the en­
ergy and momentum ranges accessible to light 



scattering and to NSE. It is t herefore proposed to 
build an improved energy and momentum resolu ­
t ion NSE instrument optim ized for quasi-elastic 
small angle scattering work. (Note that at smal l 
angles the quasi-elastic linewidth and momentum 
t ransfer is often related by the classical T = D q2 

law , and thus the energy and momentum resolu­
t ion should be improved in corresponding propor­
tions) . 

The resolution of a NSE spectrometer is funda­
mentally limited by the inhomogeneities of the 
precession fields . In the case of solenoidal preces­
sion fields, which are a priori the best adapted to 
very high resolution work, the inhomogeneity can 
be reduced by about an order of magnitude w ith 
the help of the Fresnel coils , but no further im­
provement is being foreseen . Thus there are two 
ways left to improve resolution: 

a) Increase of the neutron wavelength , 
b) Increase of the dimension of the precession 
field coils . 

The ultimate energy resolution is composed of 2 
components, one depending on the statistical er­
ror or 5 which happens to be independent of wa­
velength, the other on the systematic error or, 
which scales with the wavelength as A 2. 

Typical resolution figures in small angle scattering 
experiments on IN 11 are (A .::::: 8 .5 A): 
&r5 == 0 .3 neV &r, = 1.5 - 4 neV. 

Therefore an order of magnitude improvement of 
the systematic uncertainties is required to match 
the statistical accuracy. This can be achieved by 
using about 25 A neutron wavelength , together 
with the desirable 3 fold simultaneous increase of 
the q resolution. As noted, the same result could 
also be obtained by increasing the physical di­
mensions of the spectrometer by a factor of 3 at 
constant wavelength . This latter solution is more 
expensive and technically more demanding, thus 
the use of longer wavelength is preferable if 
available. Allowing in addition for somewhat longer 
counting times than actually used and for a 
number of further minor improvements (better po­
larizer and analyzer, small multidetector, modestly 
bigger precession field magnets) it is reasonable 
to aim at about 20 times better energy resolution 
at A = 25 A than that of IN 11 at A = 8.5 A, 
which gives: 

Energy resolution : 

Statisti cal uncertainties 
Systematic uncertainties 
Momentum resolution 

<'lr5 = 0.2 neV 
&r , = 0 .1 - 0 .2 neV 

&q ~ 0.0025 A 1 

Technically the use of long w avelength neutrons 
eases most of the design problems, such as neu­
t ron polarization and polarization analysis and the 
production of precession fields. In parti cular, the 
beam deflection achievable by a single super-mir­
ror is sufficiently large ( > 4° ) fo r a normal guide 
position (end position is not required) . Also an 
optica lly focussing polarizer could be envisaged. 
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Small Angle Diffractometer 
for Biological Samples 

A . Bentley , G. Bentley, M. Roth , D.L. Worcester 

Biolog ical macromolecules and materials often 
exist as a complex of two or more distinct chem­
ica l species . Some examples of these are chro­
mosomes, consisting of protein and DNA, mem­
branes, consisting of lipids and proteins, simple 
plant viruses, consisting of protein and RNA and 
some animal viruses, consisting of protein , lipids 
and DNA. Many of these macromolecular com­
plexes, or fragments of them, have been crystal­
lised and therefore are amenable to crystal struc­
ture analysis. Others are in ordered arrangements 
which produce Bragg diffraction " in vivo" (e .g . 
myelin membranes and retinal rod outer seg­
ments) . In order to make a distinction between 
the different chemical species, such as protein 
and nucleic acid, a normal crystal structure an­
alysis must be taken to a resolution better than 
3.5-4 .0 A d-spacing . Because these molecules are 
large, this undertaking may be formidable or even 
technically impossible. For example , crystals of 
the nucleosome core particle (a basic structural 
unit of the chromosome) diffract to 5 A d-spacing 
at best . This resolution is too low to distinguish 
between the protein and DNA components al­
though such information would contribute to our 
knowledge of chromosome function . 

Constrast variation with H20 / D20 mixtures using 
neutron diffraction is a very effective method of 
distinguishing different components within a mac­
romolecule and thus provides a firm basis for 
structural interpretation . Contrast variation has 
now been applied to the single crystal study of 
the nucleosome core particle. These results show 
clearly the 3-dimensional shape of the protein and 
DNA even though the data extend only to 25 A 
resolution. Very recent results on Satellite To­
bacco Necrosis Virus show that the RNA is 
mainly localised in specific regions just inside the 
protein coat (G.A. Bentley, L. Liljas, U. Skoglund 
and T. Unge, unpublished results). Other crystal­
lographic projects of this nature are currently in 
progress: Tomato Bushy Stunt Virus and the 
complex Aspartyl-tRNA synthetase / tRNAA•P. 

Experimental proposals have been submitted for 
several other interesting complexes: the glycopro­
teins transferrin and prothrombin fragment, as 
well as the membrane protein porin . Recently, 
crystals of the 50 S subunit of the ribosome par­
ticle (the site of protein synthesis in cells) have 
been grown and there is definite interest in under­
taking a contrast variation study of this system . 
This would be a very important project for the fu ­
ture. 

Neutron diffraction from rat sciatic nerve myelin 
membranes ( 180 A repeat unit) has been meas­
ured for nerves labelled with deuterium " in vivo" 
(by dietary means) on chol ine groups of lipids and 
cholesterol molecules. These data , taken together 
with diffraction from unlabelled nerves, provide 
explici t locations for the deuterium atoms, and 



hence detailed structural information from only 
low resolution data . Studies of myelin membranes 
during application of high hydrostatic pressure 
has also been made possible by neutron diffrac­
tion facilities and has clarified the roles of charge 
neutralization and electrostatic potentials in estab­
lishing the native structure in nerves. Similar 
studies may be possible for other materials and 
crystals. 

All these examples demonstrate growing interest 
and new experimental possibilities in the use of 
contrast variation, sometimes with deuterium la­
belling, in low resolution neutron crystallography, 
where the information provided would comple­
ment a higher resolution X-ray structure analysis 
or even make an important contribution in its own 
right. 

None of the new research projects have yet been 
accepted due to lack of beam time on the only 
suitable ILL instrument, D 17. This instrument 
has been developed over the past 5 years to col­
lect good quality data from ordered biological ma­
terials and crystals of biological macromolecules 
up to 15 A d-spacing . However, it is not a de­
dicated instrument for such work, and the beam 
time allocated to biological diffraction is limited by 
demand for use of the instrument for small-angle 
solution scattering. On the basis of this ex­
perience with D 17, it is proposed to construct a 
dedicated biological diffractometer, which would 
be adapted to the particular needs of low resolu ­
tion crystallography. 

The crystals used are invariably small (less than 
one millimetre dimension), fragile, have very large 
unit cells (100 - 400 A) and do not diffract 
strongly to high resolution. Data are collected to 
15 A, or at best to 10 A d-spacing, which is ap­
proximately the limit of the usefulness of the 
contrast variation approach . At this low resolu ­
tion, high accuracy of data is needed if the struc­
ture analysis is to proceed successfully. 

The characteristic features of the new instruments 
will be the following: 

Crystal sizes 
Large unit cells 
Low resolution 
Optimum wavelength 
Wavelength spread 
Variable beam divergence : 

Variable detector-sample 
distance 
Detector resolution 
Probable type 
of the detector 

Size of detector 
Number of data points 
per spectrum 

- 0 .5 mm 
a - 100 - 400 A 
d-spacing ~ 15 A 
11. = 8 A 
- 2 .5 FWHM 
from 0.6° 
to 2 .3° FWHM 

from 1 5 - 50 cm 
- 1 mm 

Scintillation detector 
based on the Anger 
y- ray camera 
0 = 20 cm 

- 19 K 

The instrument is expected to be built , developed 
and tested in collaboration with EMBL before mid-
1984 . 
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Fundamental 
and Nuclear Physics Beam 

It has been agreed in principle that an end posi­
tion on one guide of the Second Cold Source 
could be allocated to fundamental physics. The 
programme foresees the following installations: 

Set-up for neutron-antineutron 
oscillations 

This will be a continuation of the recent experi­
ment carried out on H 18 which so far has re­
vealed a lower limit of the neutron-antineutron os­
cillation time of 106s. With the new set-up oscilla­
tion times as high as 2 x 108s could be disclosed 
and it appears that it would be difficult to reach 
this sensitivity elsewhere in the world . The 
sizeable improvement will be due to the increased 
total neutron intensity (4 x 1011n/ s on the new 
source as compared to 109n / s on H18) and in­
creased time of observation, viz. available flight 
path for the free neutron beam (about 30 m on 
the new source as compared to 3 m on H 18). 
The new set-up might well be the largest special 
beam apparatus ever to be proposed to the ILL. 
This project is a CERN-ILL-Padua-RAL collabora­
tion . The experiment is expected to start in 1985 
and to run until 1986 / 87 . 

Transfer of PN 8 (coincidence 
fission spectrometer) and polarized 
beam for fundamental physics 

After the termination of the above experiment 
there will be two positions at this guide: one for 
the transfer of the coincidence fission spec­
trometer and the other for a polarized beam for 
fundamental physics. 

The latter will serve mainly for the following ex­
periments : 

• Free neutron decay 

The decay of the neutron into a proton, an 
electron and an antineutrino is the most ele­
mentary example of !?,-decay. At least the basic 
features of parity non-conserving weak interac­
tions responsible for !?,-decay are well established, 
both theoretically and experimentally. The neu­
tron lifetime is directly linked to the ratio of cou­
pling constants for the vector and axial vector 
coupling . Presently two groups are undertaking 
measurements of the neutron lifetime at the ILL. 
Considerable effort has also gone into studies of 
angular correlations between the electron and an­
tineutrino momenta and the neutron spin. The ex­
periments proposed to the ILL and to be carried 
out at the new source aim at a higher precision. 
They could help to answer questions concerning: 

a) the contributions to weak interactions other 
than just vector and axial vector coupling, 



b) refinement of the theory induced by strong 
interaction (weak magnetism related to the 
conserved vector current hypothesis upon un­
ifying weak and electromagnetic interactions) , 
c) time reversal invariance. 

• Parity non-conservation 
of nuclear forces 

Nuclear forces are mediated by the interchange 
of mesons like pions, rho-mesons etc. The strong 
interaction is known to conserve parity. Any 
contribution of the weak interaction to the nuc­
leon-nucleon potential as expected on theoretical 
grounds would reveal itself through parity being 
violated. Experimentally the difficulty is to observe 
any effect of the w eak interaction in the presence 
of the dominating strong interaction. Two diffe­
rent approaches have been followed in the past: 
either one looks into transitions strictly forbidden 
by parity selection rules or one is searching for a 
non-zero correlation between momentum and 
spin, i.e. a pseudo-scalar observable. All une­
quivocal confirmations of parity violation have 
come in the second category. 

The importance of thermal neutron studies in this 
field was outstanding and work pursued at the 
ILL has largely contributed to it. It is quite evident 
that high cold neutron flux from the new second 
cold source combined with the highly efficient su­
permirror polarizers developed at the lnstitut will 
place the ILL in a unique position to engage in 
ambitious projects. The aim is to study parity 
violating nuclear forces in one of the most ele-

mentary nuclear systems, viz . the (n,p) -system. 
Theory shows that if weak interactions are taken 
into account the scattering amplitude for slow 
neutrons on protons will comprise three addi­
tional independent amplitudes. Therefore, three 
independent pieces of information are necessary 
to determine them and so far, the ILL proposals 
cover two of them . One proposal (by R. WILSON 
and B. HECKEL) is, in fact , a continuation of a 
long standing effort at the ILL (B. VIGNON, R. 
WILSON et al) and it is argued that possibly only 
the new facility will allow observation of a non­
zero result . The experiment is to capture polarized 
neutrons in parahydrogen and to search for an 
asymmetry in the capture gamma-ray emission 
parallel and antiparallel to the neutron spin . The 
second proposal (B . HECKEL) concerns spin rota­
tion in parahydrogen. Spin rotation (or neutron 
"optical activity") in nuclei is an effect which has 
been predicted some 20 years ago, but which has 
been proved to exist experimentally only very re­
cently at the ILL. It is due to a neutron spin helic­
ity dependence of the coherent scattering cross 
section . 

Other Projects 

One of the major aims of the Second Cold 
Source is to enhance the small angle scattering 
facilities . Consideration is being given to a new 
low-O instrument of the D 11 type but with an 
extended O-range. Discussions also continue on 
an improved IN 10 type backscattering spec­
trometer and on a high resolution powder diffrac­
tometer (proposal from Munich) . 
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Einleitung 

Die Abteilung lnstrumentenbetrieb ist 
verantwortlich fur den Betrieb und die 
laufende Verbesserung samtlicher Experi ­
mentiereinrichtungen. Sie leistet insbe­
sondere Gastforschern die notwendige 
technische Hilfe bei der Durchfuhrung 
von Experimenten. Die lristrumente im 
engeren Sinn sind vier lnstrumentgrup­
pen zugeordnet , die fur deren Weiterent­
wicklung zustandig sind, Die ubrigen 
Gruppen der Abteilung entwickeln und 
bauen Vorrichtungen die mehreren ln­
strumenten gemeinsam sind (Monochro­
matoren, Probenumgebung) bzw, erbrin­
gen allgemeine Dienstleistungen (Zentra­
le Gruppe) . 

In der Monochromatoren-Gruppe wur­
den die Diffraktometer fur y-Strahlen neu 
konzipiert und an eine m cs-Ouelle ange­
passt, um Kristalle im y-Strahl ziehen zu 
k6nnen. Die Anlage soil Anfang 1983 in 
Betrieb gehen. Es wurden weiterhin An­
strengungen unternommen, die Mecha­
nik von Monochromatoren mit variablem 
Krummungsradius zu verbessern . Proto­
typen dieser Monochromatoren wurden 
mit Cu-Kristallplatten ausgestattet. Test­
messungen brachten die erwarteten Re­
sultate. Der Test eines vom MPI fur Me­
tallforschung in Stuttgart gezogenen Be­
Kristalls verlief vielversprechend. Weitere 
Untersuchungen wurden an interkalier­
ten Graphitkristallen fur Monochromato­
ren und an Saphir-Kristallen fur schnelle 
Neutronenfilter angestellt. 

Die Zentralgruppe kam auch im abgelau­
fenen Jahr den Anforderungen der Wis­
senschaftler an Dienstleistungen wie Ver­
sorgung mit Flussiggasen, Wasser, 
Druckluft und Elektrizitat, Wiedergewin­
nung von Abgasen und Kranbetrieb 
nach. Besondere Aufmerksamkeit gait 
wiedElrum allgemeinen Sicherheitsaspek­
ten , Alarmsystemen , der Handhabung 
von Schadstoffen, Messungen des Neu­
tronenuntergrundes, der unterbrech­
ungsfreien Versorgung mit spannungs­
konstanter elektrischer Energie fur emp­
findliche lnstrumente, der Vorbereitung 
von Anweisungen und Massnahmen bei 
Zwischenfallen , usw. Die Zentralgruppe 
wirkte auch in erheblichem Umfang mit 
bei der Schaffung von neuen und der 
Verbesserung von bereits bestehenden 
Arbeitsbereichen , Laboratorien, Plattfor­
men, Kabinen und Lagerungszonen , die 
direkt den Betrieb von lnstrumenten oder 
speziellen S-Experimenten betreffen. 
Eine schwere Arbeitslast war zu bewalti­
gen, als das Strahlrohr von IN 4 ausge­
tauscht werden musste. Weitere Aufga­
ben , die 1982 angegangen wurden, wa­
ren die Organisation der Zusammenarbeit 
mit der Reaktorabteilung wahrend d_es fur 
1983 vorgesehenen langeren Reaktor­
stillstands, sowie die Demontage der ln­
strumente mit dem Ziel , freien Zugang zu 
den Strahlrohren zu bekommen. Die Zen­
tralgruppe half auch bei der Vorbereitung 
von Pastern und organ isierte spezielle 
Fortbildungskurse. 

In der Gruppe Probenumgebung wurden 
betrachtliche Anstrengungen auf die Be­
schaffung supraleitender Spulen ver­
wandt. Zwei neue Spulen arbeiten nun 
im Routinebetrieb , eine mit 5 T am In-

Introduction 

The Instrument Operation Department 
has overall responsibility for the opera­
tion and improvement of the instru­
ments. It also provides necessary 
technical assistance to enable the visitors 
to carry out their experiments. The in­
struments are divided amongst four in­
strument groups which assure their 
operation and development. The other 
groups of the department provide facili ­
ties and expertise needed by all the in­
struments . 

In the Monochromator Group the y-ray 
diffractometers were dismantled and re­
designed to accommodate a new m es 
source which will feed the inbeam cr{s­
tal growth facility. The facility should be­
come operational in early 1983. Efforts 
were made to improve the mechanics of 
monochromators with a variable radius of 
curvature . Prototypes of such monochro­
mators were equipped with Cu crystal 
slabs and proved to perform as anti­
cipated. Testing a Be-crystal grown by 
the MPI fur Metallforschung in Stuttgart 
gave very promising results . Further 
studies went into intercalated graphite 
crystals for monochromators and sap­
phire crystals for fast neutron filters. 

The Central Group continued to serve as 
the link between the demands of scien­
tists and general services like supply of 
cryogenic fluids, water, compressed air, 
electricity, effluent recovery and crane 
operation. Again special attention had to 
go into general safety aspects, alarm sys­
tems, handling of hazardous materials, 
background measurements and shield­
ing, supply of clean and uninterrupted 
electrical power for sensitive instru­
ments, preparation of instructions and 
intervention plans in case of incident etc . 
An important role was played by the Cen­
tral Group with the installation of new, 
and improvement of, existing working 
areas, laboratories, platforms, cabins and 
storage zones directly connected to the 
operation of instruments or special beam 
experiments . A heavy workload had to be 
faced when the thimble of IN 4 had to be 
exchanged . Organising the collaboration 
with the Reactor Department during the 
extended shut-down of the reactor 
scheduled in 1983 and dismantling in­
struments to give free access to the beam 
tubes had to be initiated in 1982. The 
Central Group also helped in preparing 
display posters and · organised special 
training courses . 

In the Sample Environment Group a 
major effort went into the supply of su­
perconducting magnets. Two new mag­
nets are now routinely operational, one 
with 5 T on instrument D 2 (horizontal 
field) and another with 10 T on instru­
ment D 7 . Some difficulties were en­
countered with a third magnet foreseen 
for instrument D 3. Finally a maximum 
field of 7 T had to be accepted. Del ivery 
of this magnet is scheduled for the end of 
1982. A further superconducting magnet 
has been ordered for the Triple Axis 
Group. The assembly is being tested at 
the factory and should become ·available 
shortly. 
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Introduction 

Le Departement Exploitation a la respon­
sabi lite genera le de I' exploitation et de 
!'amelioration des instruments. II fournit 
egalement !'assistance technique neces­
saire pour permettre aux visiteurs de rea­
liser leurs experiences . Les instruments 
sont repartis en quatre groupes d'instru­
ments qui assurent leur fonctionnement 
et leur developpement. Les autres 
groupes du Departement apportent aide 
et competence a tous les instruments qui 
en ont besoin . 

Dans le Groupe Monochromateurs, les 
diffractometres a rayonnement y ont ete 
demontes et reamenages pour s'adapter 
a une nouvelle source de m es qui per­
mettra de faire pousser des cristaux dans 
le faisceau. Cet appareil devrait devenir 
operationnel au debut 1983 . Des efforts 
ont ete faits pour ameliorer la mecanique 
des monochromateurs a rayon de cour­
bure variable. Les prototypes de tels 
monochromateurs ont ete equipes de 
plaques de cristal de Cu et ont fonctionne 
de la maniere prevue . Des tests sur un 
cristal de Beryllium developpe par l' lns­
titut Max-Planck de recherche sur les 
metaux de Stuttgart, ont donne des 
resultats tres prometteurs. D'autres 
etudes ont ete consacrees a des cristaux 
de graphite intercales pour monochroma­
teurs, et a des cristaux de saphir pour les 
filtres a neutrons rapides . 

Le Groupe Central a continue a assurer le 
lien entre les demandes emanant des 
physiciens et les services generaux, tels 
que l'approvisionnement de fluides cryo­
geniques, d 'eau , d'air comprime, d'elec­
tricite, la recuperation des effluents et la 
manutention. Comme par le passe, une 
attention particuliere a ete accordee aux 
aspects de surete generale, aux systemes 
d'alarme, a la manipulation de materiel 
presentant des risques, aux protections, 
aux mesures de bruit de fond, a l'alimen­
tation ininterrompue de courant elec­
trique stabilise pour les instruments sen­
sibles, a la preparation de consignes et de 
plans d' intervention en cas d'incident, 
etc . Le Groupe Central a joue un role 
important dans !' installation de nouvelles 
zones de travail et dans !'amelioration des 
zones existantes, des laboratoires, des 
plateformes, des cabines et des zones de 
stockage directement liees au fonction­
nement des instruments ou des expe­
riences speciales. II a fallu faire face a une 
lourde charge de travail lorsque le doigt 
de gant d'IN 4 a ete change. L'organisa­
tion de la collaboration avec le Departe­
ment Reacteur pendant le long arret du 
reacteur programme en 1983, et du 
demontage des instruments pour per­
mettre le libre acces aux guides, a ete 
engagee en 1982. Le Groupe Central a 
egalement apporte sa contribution dans 
la preparation de posters destines a des 
expositions et a organise des cours de 
formation specialisee . 

Dans le Groupe Environnement des 
Echantillons, un effort important a ete 
consacre a la fourniture d 'aimants supra­
conducteurs . Deu x nouveaux aimants 
sont maintenant operationnels de fac;:on 
routiniere, un de 5 tesla sur !' instrument 
D 2 (champ horizontal) et un autre de 10 



strument D 2 (Horizontales Feld), eine 
zweite mit 10 Tam Instrument D 7. An 
einer dritten fur das Instrument D 3 vor­
gesehenen Spule traten technische 
Schwierigkeiten auf, und letztendlich 
musste ein Maximalfeld von 7 T akzep­
tiert werden. Die Lieferung dieser Spule 
ist fur Ende 1982 geplant. Eine weiter,e 
supraleitende Spule wurde fur die Drei ­
Achsen-Gruppe bestellt. Die Anlage wird 
momentan im Werk getestet und wird 
uns in Kurze zur Verfugung stehen. 

In der zweiten Halfte des Jahres 1982 
stieg der Verbrauch an flussigem Helium 
dramatisch an. Dieser Anstieg ist zuruck­
zufuhren auf die grossere Zahl an Experi­
menten bei niedrigen Temperaturen so­
wie die Einfuhrung von Apparaturen , wie 
z. B. supraleitenden Spulen, mit ho hem 
spezifischen Verbrauch. Es ist offensicht­
lich, dass der hohere Heliumverbrauch di­
rekt die sowohl quantitativ als auch quali­
tativ gestiegene Nachfrage nach einer 
hoch-spezialisierten Probenumgebung 
widerspiegelt. Es ist zur Zeit nicht abzu­
sehen, ob das lnstitut finanziell gesehen 
weiterhin in der lage sein wird, alien An­
forderungen der Gastforscher nachzu­
kommen. Andererseits liegt es be re its 
klar auf der Hand, dass es mit der verfug­
baren Arbeitskraft in der zentralisierten 
Gruppe Probenumgebung unmoglich 
sein wird, die technische Unterstutzung 
fur den taglichen Betrieb aller Spezialap­
paraturen zur Probenumgebung zu ge­
wahrleisten. 

A dramatic increase in liquid Helium con­
sumption in the second half of 1982 is to 
be noted. This may be traced back both 
to a higher number of experiments run at 
low temperatures and to the introduction 
of devices, like superconducting mag­
nets, with a high specific consumption. 
Obviously, the increase in Helium con­
sumption directly reflects the increasing 
demands, both in quantity and quality, 
for a highly sophisticated sample environ­
ments. At the moment it is not clear how 
in the future the Institute will be able to 
cope with the visitors requests from a 
financial point of view. On the other 
hand, it is already evident that with the 
manpower available in the centralised 
Sample Environment Group it is im­
possible to supply the technical support 
for the daily operation of all special 
sample environment devices. 
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tesla sur !'instrument D 7. Un troisieme 
aimant prevu pour !'instrument D 3 a 
occasionne quelques difficultes. Finale­
ment, un champ maximum de 7 tesla a 
du etre accepte. La livraison de cet 
aimant est prevue pour fin 1982. Une 
autre bobine supra-conductrice a ete 
commandee pour le Groupe Trois-Axes. 
L'ensemble est teste en usine et doit etre 
disponible rapidement . 

Une augmentation brutale de la consom­
mation d ' helium liquide durant la 
seconde moitie de 1982 doit etre men­
tionnee. Ceci peut etre attribue a deux 
causes : un nombre eleve d'experiences 
realisees a basses temperatures et a 
!'introduction de dispositifs, tels que les 
bobines supra-conductrices, avec une 
consommation specifique elevee . L'aug­
mentation de la consommation d'helium 
est clairement le reflet de !'augmentation 
des demandes, aussi bien en quantite 
qu'en qualite , de meme que celui d'un 
environnement des echantillons haute­
ment sophistique. A l'heure actuelle, ii 
est difficile de savoir si l'lnstitut sera 
capable a l'avenir de faire face aux 
demandes des visiteurs, au point de vue 
financier . D'autre part, ii est deja evident 
qu 'avec la main d'ceuvre disponible dans 
le Groupe centralise de !'Environnement 
des Echantillons , ii est impossible de 
fournir le support technique pour les ope­
rations de routine de tout l'environne­
ment des echantillons des dispositifs spe­
ciaux. 



instrument group 
fundamental 
and nuclear physics 

PN1 

PN2 

PN3 

PN4 

PN5 

PN6 

Fission Product Separator (LOHENGRIN) on 
beam tube H 9. 

Beta Spectrometer (BI LU on the vertical 
beam tube V 3. 

Three Curved Crystal Gamma Spectrometers 
(GAMS 1, 2, 3) on the through-going beam 
tube H 6 / H 7. 

Ge(Li) Pair Spectrometer on the through­
going beam tube H 7. 

Ultra-Cold Neutron (UCN) Source on the in­
clined beam tube IH3 . 

On-line Mass Separator for Thermally 
Ionized Fission Products (OSTIS) on neutron 
guide H23 L. 

PN1 fission product 
spectrometer "LOHENGRIN" 

(H.R. Faust, R. Brissot, I. Gartshore, M. Taylor) 

In 1982 the spectrometer LOHENGRIN was shut 
down in order to carry out a preventive exchange 
of the beamtube H 9. Technical reasons led to 
the decision to delay this exchange until spring 
1983. During this year a considerable part of the 
spectrometer was dismantled, including parts of 
the casemates, the source changing facility, the 
deflecting magnet, and an important part of the 
vacuum system . All pieces have been inspected 
and, where necessary, repaired or replaced. In the 
condenser section of the spectrometer two new 
turbomolecular pumps have been installed to 
ensure a vacuum of better than 10- 5 Torr after 
restart of the instrument. 

The improvement of the stability of the high 
voltage to 10- 6 continued in order to permit di­
rect mass measurements (Giessen & ILL). To 
date the specifications have been met for the 
negative HT. The work on the positive part is 
continuing. It is also planned to install a reference 
voltage of 1000 V and a programmable divider for 
the control of the new high voltage facility by the 
instrument computer. 

PN2 beta spectrometer "BILL" 

(K. Schreckenbach, G. Colvin, G. Blanc) 

In 1982 the beta spectrometer BILL was opera-
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PN7 

PN8 

H17 

H18 

H22 

Cold Polarized Neutron Beam on neutron 
guide H142. 

Fission Product Coincidence Spectrometer 
(COSI FAN TUTTE) on beam tube IH1. 

Cold neutron guide: liquid helium UCN­
source. 

Cold neutron guide: search for neutron-anti­
neutron transitions. 

Thermal neutron guide: neutron induced 
particle emission (H 22 D) ; y-y angular cor­
relations (H22 F) ; neutron induced fission 
(H22 El. 

tional for about 90 % of the reactor operating 
time. Approximately 20 different measurements 
were performed in atomic, nuclear structure and 
neutrino physics. 
An important gain in sensitivity was achieved by 
the installation of a larger multi-wire proportional 
counter. Differing from the former 10-wire 
counter, the new counter is inclined by 45° rela­
tive to the beam axis and, with a length of 
110 mm, covers almost all of the accessible part 
of the focal plane of the spectrometer. At present 
there are 32 wires mounted at a distance of 
3 .6 mm and separated by thin walls to confine 
scattering of low energy electrons. A 64 wire ar­
rangement with a 1 .8 mm wire distance has al­
ready been tested and aims at a further improve­
ment of the position resolution. 

The fast, epithermal and thermal flux at the in-pile 
target position of PN 2 was measured by the 
Groupe Dosimetrie, CENG. The epithermal flux 
was determined by the Cadmium ratio of In, Au 
and Co samples. To overcome self-heating 
problems of the Cd-containers the activations 
were performed at 6 MW reactor power. The fol­
lowing values were obtained: 

cp 1h (conventional) = 3.16 x 1014 n sec- 1 cm - 2 with 
3o error of 4%; epithermal Wescott factor 
r-JY TT

0 
= 3.8 x 10 - 4 , 3.4 x 10 - 4 and 

2.3 x 10 - 4 for the In, Au and Co sample, respec­
tively; 

<P1ast = 1.1 x 10 11n sec- 1 cm - 2
. 

The spectrometer was calibrated for positrons and 
several measurements have already been per­
formed with these anti-particles. The background 
of positrons from the target holder and backing 
was found to be 30 times smaller than that of 
electrons for a corresponding momentum setting 
of the spectrometer. 



PN3 curved crystal gamma ray 
spectrometers "GAMS 1" 
and "GAMS 2/3" 

(H .G. Borner, F. Hoyler, S.A. Kerr, M. Taylor) 

In 1982 the bent crystal spectrometers were 
operational for about 75 % of the reactor time . 
The loss of beamtime was due to a contamination 
of the source changing device w ith Tantalum 
originating from a metal target. It was found that 
Tantalum metal changes its structure when 
heated in a high neutron flux where Nitrogen is 
present at the level of only a few ppm, as in the 
Helium used to pressurize the beamtubes. 

More than 10 different measurements were per­
formed in order to study nuclear structure physics 
and special attention has been devoted to mul­
tiple capture of thermal neutrons in the rare earth 
region . In order to be able to disentangle such 
complex spectra a special effort has been made 
to further improve the resolution by more precise 
shaping of the targets and a best value of 0 .5 
arcsec has been obtained . This corresponds to a 
resolving power of ilE/ E = 4 x 10 5 for a 200 
keV y- line measured in 5th order of reflection. 
(see fig . 1 ). 

GA M S 1 
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Fig. 1: Spectral range obtained from a 124Dy target and meas­
ured by GAMS 1 showing peaks from a Ka -X-ray and a 
neighbouring y-ray. The plot clearly demonstrates the high 
resolution of the spectrometer compared with the natural 
X-ray line width. 

To further improve the energy-precision of GAMS 
2 / 3 a sound insulating cabin has been con­
structed which entirely surrounds the instrument. 
Vibrational amplitudes in the interferometers 
(used for measuring the Bragg angles) have been 
redu ced by approximately a factor of five . 

A substantial improvement has been achieved in 
the PN 3 spectra analysis programs. A modular 

data treatment system based on a PDP 11 / 23 
configu ration has been adopted wh ich allows data 
from the three spectrometers to be processed al­
most concurrently w ith the measurements. 

PN4 Ge (Li) pair spectrometer 

(S .A . Kerr, F. Hoyler) 

More than 8 measurements of both singles and 
pair spectra have been taken during the year. As 
a complement to the bent crystal spectrometers a 
special effort was made to observe multiple neu­
tron capture products by exploiting the advantage 
of odd-even mass differences which can be easi ly 
observed in the primary y-ray spectra . 

Work was continued on development of the data 
acquisition software by integrating this into the 
RT-11 FI B-system with PN 3. 

PN5 ult ra cold neutron source 
(UCN ) 

(P . Ageron, W . Mampe, A . Beynet) 

The ultra cold source has been used over the 
whole year in a time-sharing mode for the neu­
tron electric dipole moment experiment, test 
measurements with the neutron microscope from 
TU Garching and for transmission measurements 
of neutron guides, neutron turbine blades and 
membranes. 

PN6 on-line mass separator 
for thermally ionised fission 
products "OSTIS" 

(B . Pfeiffer, U. Stohlker, B. Nief) 

The mass-separator OSTIS was running for most 
of the reactor time (85 % ) and 16 experiments 
have been performed. The reliabi lity of the new 
indirectly heated high-temperature ion source has 
been further increased . 

As a first application of the timing unit installed 
last year a multiscaling data acquisition sytem for 
half-life measurements was developed . The 
upgrading of both the separator and the acquisi­
tion system is continuing and a first on-line test 
of the negative ion source for halogens, de­
veloped by the University of Giessen, is imminent. 
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PN7 polarized neutron beam 

{B. Heckel, 0. Scharpf) 

The PN 7 cold neutron beam has been equipped 
with a supermirror neutron polarizer since July 
1981. A total of 4 x 109 neutrons / sec are trans­
mitted by the polarizer, with a polarization of 
97%, and a mean wavelength of 5.5 A. 

Two reactor cycles have been used in 1982 for 
testing and optimizing the superconducting neu­
tron decay spectrometer PERKEO which has 
been installed by a Heidelberg-Argonne-lLL-colla ­
boration. PERKEO will not on ly allow improved 
measurements on existing neutron decay para ­
meters, but also an attack on hitherto inaccessible 
fundamental problems such as the weak mag­
netism in the decay of free neutrons. It should be 
noted that one day's measurement with PERKEO 
is equivalent to twenty years' run with earlier 
instruments ! 

The second experiment on PN 7 was the con­
tinuing investigation of the y-ray asymmetry {AY) 
following neutron capture by protons {ISN & Har­
vard collaboration) . In order to improve the sen­
sitivity relative to the previous set-up, the liquid 
parahydrogen target is now fed by an on-line li­
quefactor, the efficiency of the two detectors (NE 
235 scintillating oil) was improved, and a more 
symmetric set-up along the beam path should re­
duce the beam associated systematic effects. 

PN8 fission fragment 
coincidence spectrom eter 
" Cosi fan tutte" 

(A . Oed, P.E.J. Perrin, R. Brissot, 
F. G6nnenwein, E. Aker, P. Geltenbort, 
T. Manning) 

The set-up of the "second souffle" fission frag ­
ment spectrometer " Cosi fan tutte" was delayed 
by almost 6 months due to the beam-tube ex­
changes which became necessary on neighbour­
ing instruments. The platform for mounting the 
apparatus on the inclined beam I H 1 became ac­
cessible in July 1982 . W ith considerable help 
from the technical services of the I. L. L. the 
mechanical, vacuum, electronic, counting gas 
supply and alarm systems were assembled in a 
fairly short time. First test measurements were 
run in September 1982 . It then became apparent 
that some additional effort had to go into the 
radiation protection in order to reduce the back­
ground level on nearby instruments to an ac­
ceptable level. This work is still in progress . It 
seems that the major difficulties have now been 
overcome. 

Measurements taken in November 1982 showed 
for the first time unambiguously that the major 
goal of Cosi fan tutte - a one-by-one mass iden -
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PN 8, the new coincidence fission spectrometer "Cosi fan 
tutte ", installed on the inclined hole IH 1. 

tification of fission fragments had been 
achieved. In the present spectrometer fragment 
masses are determined in a rather straightforward 
way by measuring simultaneously the velocities 
and kinetic energies of fission fragments . The de­
velopment and performance of the time-of-flight 
detectors {for the velocities) and ionization 
chambers (for the energies) have been described 
in more detail in preceding Annual Reports of the 
I. L. L. and some other publications. One of the 
first results as obtained for the thermal neutron 
induced fission of 235Uranium on Cosi fan tutte is 
given in the figure . 

Q) 
C 
C 
Cl) 
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60 Energy Spectrum 
time window 100 ps 
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Fig. 2: Energy spectrum of fission fragments from thermal 
neutron induced fission of 235U(n,f) with a time window of 
100 ps set on the time-of-flight. The peaks in the spectrum 
correspond to individual masses ranging from 80 to 105 amu 
of the ligh t mass wing of Uranium fission. 

It shows the fragment energy spectrum of the io­
nization chamber for a fixed narrow time-of-flight 
window (w idth approx. 100 picosec) or corres­
ponding velocity w indow . For a given velocity the 
discrete fission fragment mass spectrum should 
give rise to a discrete kinetic energy spectrum. 
This is indeed to be observed on the figure : each 
peak corresponds to a fission fragment mass. The 
peak-to-valley ratio {giving the mass resolving 
power) as found so far is roughly 2 · ' for the light 
mass wing of fission fragments . Experiments are 
underway to improve these figures. 

In the remaining test period the set-up of the in­
strument has to be completed . The first proposed 
and accepted experiment is expected to start in 
June 1983 . 



Special beam experiments 

(P . Ageron, R. Brissot , B. Heckel, F. Hoyler, 
C. Jewell, S.A . Kerr, W . Mampe, 0. Scharpf) 

The neutron guides H 141 , H 17, H 18 and H 22 
were used for nuclear spectroscopy, fission and 
fundamental physics experiments . 

On the S-3 B monochromatic 7 A neutron beam 
(H 142, formerly S-43) the parity non-conserving 
(PNC) neutron spin rotation studies were con­
tinued. Targets of 139 La were studied. 

The first superthermal ultra cold neutron (UCN) 
source has been installed in summer 82 at H 17 . 
This UCN source has a 3 m long cryostat filled 
with liquid He-4 in which cold neutrons of A = 9 A 
are "down scattered" into the UCN region of 
).. > 500A . The source has reached its base 
temperature of 0.5° K. A UCN storage time of 
60 sec has been measured . The density of 1 - 1 .5 
UCN / cm3 detected after a build-up time of 180 
sec is lower than the actual density in the 
cryostat due to present imperfections of the ex­
traction system. Further improvement should al­
low detection of the true density estimated to be 
- 20 UCN / cm3

. 

The construction of the improved vertical cold 
source (VCS) is close to completion. The design 
of its associated vertical guide for extracting very 
cold and ultra cold neutrons has been completed . 
A technology of metallic guides with transmission 
identical to glass guides has been developed at 
Garching and the ILL. The fabrication of the 
guide and the associated "Steyerl " turbine has 
started at Garching. 

At H 18 the beam of A = 20 ± 10 A neutrons 
was used for the search of neutron-antineutron 
oscillations (CERN-PADUA-RAL-ILL collabora­
tion). The target and detector geometry have 
been optimized and data were taken continuously 
over the year (during reactor operation and whilst 
shut-down) . The total sensitivity for the oscillation 
period is now at the level of 106 sec. The appa­
ratus has reached its optimum performance under 
the given conditions and data analysis is in 
progress. A second generation experiment is 
planned to be installed at the New Cold Source. 

H 22 D and E were used for (n,a) cross section 
measurements and fission experiments, respec­
tively. H 22 E is now equipped for operating with 
a continuous flow of gases such as butane or 
methane. A double torus ionisation chamber has 
been installed (TH Darmstadt, Bordeaux, ILL-col­
laboration) which allows the study of light 
charged particle accompanied thermal fission of 

The new superthermal UCN source installed at H 17. The 
low er part shows the 3 m long He container in which UCN 
are produced. The vertical section houses the various cooling 
circuits. 

235U. This "DIOGENES" detector enables the 
measurement of masses, charges, energies and 
angles of the two fission fragments together with 
the light particle . This complete set of kinematic 
parameters combined with trajectory calculations 
will give new information about the scission 
configuration of fissioning nuclei. 

On H 22 F the measurements of angular correla­
tions of y-rays after thermal neutron capture have 
been continued . 

Co-Ordinator : 
H. BORNER . 
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instrument group 
three-axis 
spectrometers 
IN1 

IN2 

IN3 

3-axis with bery llium-filter option on the hot 
beam tube H 8 . 

3-axis with a double monochromator on the 
thermal beam tube H 13 . 

3 -axis spectrometer on the thermal gu ide 
tube H 24. 

Introduction 

During 1982, the existing three-axis instruments 
(IN 2, IN 3, IN 12) operated normally whilst the 
modified IN 8 became operational at the be­
ginning of the year and considerable progress was 
made on the new instruments IN 1 and IN 20 . 
After deliberations by the Instrument Subcom­
mittee, a three-axis instrument (IN 14) will be 
built on the new horizontal cold -source to be in­
stalled in 1985. This instrument should provide a 
wide range of incident wavelengths (""' 2 A to 
6 A) and be a particularly flexible spectrometer. 

There have been relatively few changes in person­
nel. B. Dorner has joined IN 1 as second re­
sponsible and U. Steigenberger has replaced D. 
Cebula (who has returned to R .A. L.) as second 
responsible on IN 2 and IN 20. 

I N1 B hot source 3-axis 
spectrometer with Be filter 
option 

(A . Kollmar, B. Dorner, H.J. Lauter, H. Jobic, 
P. Cross) 

At the time of writing the "new" IN 1 has been 
completely assembled on site. The photograph 
shows a general view of the new IN 1 instrument. 
At present, all motors may be operated in the 
manual mode, but the SOLAR 16-40 computer 
has been connected and testing of the control 
programs is under way . A variable curvature 
Cu(220) monochromator has been tested in situ 
and significant flux gains compared to the pre­
vious instrument have been recorded. This mono­
chromator is composed of 11 copper strips and is 
20 cm high by 18 cm wide . Neutron tests have 
continued during the last cycle of 1982, although 
some time was devoted to tests of the new D 4 
liquids spectrometer . It is intended to repeat some 
spin-wave measurements made on the old instru-

INS 

IN1 2 

IN20 

3-axis spectrometer on t he thermal beam 
tube H 10. 

3-ax is spect rometer on the co ld guide tube 
H 142. 

3-axis spectrometer with polarised neutron 
option on thermal beam tube H 13. 

ment to permit a more meaningful evaluation of 
the spectrometer's performance. 

/NI 8, the new triple-axis spectrometer on the Hot Source. 

The Be filter detector, on loan from A .E.R.E. Har­
well, was installed by the end of 1982 . Design 
studies for a more sophisticated combined Be / py­
rolytic graphite filter are well advanced. 

IN2 thermal beam 3-axis 
spectrometer with double 
monochromator 

(R. Pynn, U. Steigenberger, P. Flores) 

At the end of September 1 981 the H 13 beam-
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tube was replaced, resulting in a complete dis­
mantl ing of IN 2 . Fears that the subsequent per­
formance of the instrument might have suffered 
have proved unfounded and this old, but very 
useful, spectrometer has since behaved well with 
no major breakdowns. No significant changes 
have been made to IN 2 in view of the imminent 
installation of IN 20 , planned for mid 1983. 

IN3 3-axis spectrometer 
on thermal guide 

(D . Paul, H.J . Lauter, R. Arthaud) 

As in previous years IN 3 operated satisfactorily 
with no major modifications. During the Spring 
shut-down in 1983 the electronics will be re­
placed with the new (IN 8 / IN 1) modules and the 
instrument will be connected to a dedicated 
SOLAR 16-40 computer. Future modifications to 
the instrument will include the installation of a 
variable curvature monochromator system, with 
both copper and pyrolytic graphite crystals, and 
the provision of a single (5 cm diameter) 3He de­
tector as an optional replacement of the existing 
multidetector . 

INS thermal beam 3-axis 
spectrometer 

(R. Currat, B. Renker, A. Brochier) 

The new version of IN 8, which had been as­
sembled and partly tested during 1981, went into 
scheduled operation in January 1982. Because of 
the heavy pressure for beam-time some of the 
final tests and debugging had to be carried out in 
parallel with the experimental program. The new 
set-up, with central-drive step-motor units and a 
dedicated SOLAR 16-40 computer, is now fully 
operational. 

A new 15-piece composite Cu(220) monochro­
mator, prepared and assembled by the Monochro­
mator Group, has been installed, thus completing 
the set of four interchangeable, vertically-focuss­
ing monochromators (pyrolytic graphite (002) , 
Cu(111) , Cu(220) and Ge(111)). 

By the end of 1982 it is envisaged to instal, (i) a 
software package permitting the automatic ex­
change and alignment of the four monochro­
mators, (ii) an automated control system for the 
polythene shielding blocks around the analyser, 
and (iii) a background terminal for on-line data 
treatment. 

IN12 3-axis spectrometer 
on cold guide 

(W.G. Stirling , K.A . McEwen, D. Puschner) 

During 1982 there were no major modifications to 
IN 12 which continued to operate satisfactorily. 
Significant progress was made in the provision of 
equipment for neutron polarisation analysis ex­
periments. A variable-curvature Heusler alloy an­
alyser is now available; this device has a peak ref­
lectivity of 73 % at 4 A for neutrons of the de­
sired spin state and a measured polarising effi­
ciency of above 95 % . A Mezei-type spin-flipper 
and collimators within guide fields may also be 
mounted rapidly for polarised neutron studies. 

A detailed design -study of an automatic 
(IN 8 / IN 1) analyser block system is under way, 
with installation planned during 1983. The com­
puter memory has been increased to 128 K per­
mitting access to an extended library of 
programs. 

The assembling of IN 20 in the test hall. 
The picture shows the monochromator drum of the instru­
ment. 

IN20 thermal-beam 3-axis 
spectrometer 
with polarised-neutron option 

(R. Pynn, U. Steigenberger, D. Cebula) 

The monochromator drum of IN 20 was delivered 
on schedule in September 1982 and, at the time 
of writing, is being filled with paraffin wax. It is 
intended to mount this drum, at the end of 1982, 
on a specially designed test floor in the Hall d'Es­
sais . The mechanical parts of the secondary spec­
trometer will then be connected to the drum, thus 
permitting tests of the electronics and computer 
system before the spectrometer is moved to the 
reactor face. A PDP 11 / 24 computer has been 
ordered to control the instrument . The motor­
control electronics consists of slightly modified 
versions of the modules recently installed on IN 1 
and IN 8 . In conclusion, the design work for 
IN 20 is almost completed and most of the com­
ponents are being fabricated. 

Co-ordinator : 
W.G. STIRLING. 
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instrument group 
time-of-flight 
high resolution 
and diffuse scattering 
IN4 Time-of-flight spectrometer on thermal tube 

H12. 

IN5 Multichopper spectrometer on cold guide 
H16. 

IN6 Focussing time-of-flight spectrometer on 
cold guide H 15. 

IN10 Backscattering spectrometer on cold guide 
H15 . 

IN11 Spin echo spectrometer on cold guide 
H141. 

Introduction 

The by now traditional experimental programme 
covering mainly magnetism, physical chemistry, 
metallurgy and biophysics was carried out suc­
cessfully and with little perturbation. At the same 
time major reconstruction and improvement activ­
ity went on on a few instruments. The most 
notable achievement is the implementation of po­
larization analysis with ordinary resolution time-of­
flight capability on a first set of 8 detectors on 
D 7 by using as many as 600 supermirrors. Thus, 
between IN 11 and D 7 polarization analysis is 
now available for the study of inelastic scattering 
effects in the whole energy domain from 0.05 
µeV to 3 meV. The multidetector on D 16 is now 
fully installed and tested. Considerable effort has 
been devoted to the preparation of a reconstruc­
tion of IN 4, which is aimed at boosting the flux 
by about an order of magnitude. The experi­
mental and numerical feasibility studies performed 
this year gave very positive results in this respect. 

I N4 time-of-flight spectrometer 

(A.P . Murani, H. Langel and H. Walter) 

IN 4 operated satisfactorily during the first six 
months of this year with a few breakdowns at­
tributed mostly to the aging electronics but also 
to Camac and computer system failures. The in­
strument however suffered a serious setback at 
the beginning of July when the H 12 beam tube 
was discovered to have developed a leak. Almost 
two reactor cycles were lost in the consequent in­
strument shut-down. After replacement of the 

IN13 

07 

011 

016 

017 

Backscattering spectrometer for short wave­
lengths on thermal guide H24 . 

Diffuse scattering spectrometer on cold 
guide H15 . 

Small angle and diffuse scattering spec­
trometer on cold guide H 15. 

Four circle MK 6 diffractometer on cold 
guide H16 . 

Low-q high resolution spectrometer on cold 
guide H17. 

beam tube and reinstallation of the spectrometer 
the normal experimental programme has been re­
sumed from the middle of October. 

Installation of a background chopper for the 
single monochromator option was completed in 
early January. Subsequent tests showed an excel­
lent signal to noise ratio (improvement by a factor 
3) with the background level even lower than for 
the normal double monochromator set-up. How­
ever, a fast neutron pulse originating during the 
open time of the background chopper still 
shadows 25% of the frame time. For the higher 
incident energies of 67 and 115 meV obtained 
with the C(004) and Cu(022) monochromators 
this represents an energy range of 15 meV per­
mitting measurements in down-scattering to 50 
and 100 meV, respectively. It would be possible 
to eliminate this unwanted fast neutron pulse with 
a new chopper having the combined functions of 
background and Fermi chopper. 

IN5 multichopper spectrometer 
(TOF) 

(F . Douchin, D. Kearley, J .P. Beaufils, 
S. Jenkins) 

Thirty-two experiments and 3 tests were carried 
out on the spectrometer IN 5 in 1982, 50 % of 
which were from the Chemistry subcommittee. 
Since the commissioning of IN 6, the instrument 
is used more for long incident wavelength meas­
urements (50% of the time at A0 > 10 A and a 
further 33% at 10 A > Ao > 6 A). The use of 
wavelengths Ao < 6 A, i.e. in a zone where the 
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performance of IN 6 is better, corresponds to 
small angle measurements or to the necessity of a 
direct compa rison between the results obta ined 
for two different wavelengths. 

The use of the instrument has been fac ilitated by 
the preparation of a set of programs permitting 
the adjustment parameters to be set as a function 
of the desired characteristics and providing for a 
simplified "pre-treatment" of the results on the 
spot . 

The 900° furnace (sample under vacuum) made 
for IN 6 is now also used on IN 5 . A standard 
triple-axis type support also makes it possible to 
mount furnaces or the cryostats of the ILL sample 
environment group. 

The development of magnetic bearings for chopp­
ers is continuing at KFA Julich w ith a few mon­
ths delay in the completion of the high speed pro­
totype, due at the end of 1982. The motors deci­
ded on after simulation tests and production of a 
low speed prototype are hysteresis motors, which 
w ill permit automatic control of the whole range 
of speeds and wavelength of IN 5. 

ING focussing time-of-flight 
spectrometer. 

(A.J. Dianoux, M . Bee, Y. Blanc) 

IN6 has been performing very satisfactorily dur­
ing the year: in spite of the unscheduled reactor 
shut-down, 30 experiments will have been per­
formed at the end of December. Only two instru­
ment failures occured during this year : a break­
down of the chopper drive and a problem with a 
disk drive unit of the PDP-11 computer. A spare 

chopper drive is now available . The long lifet ime 
of the chopper ball bearings is impressive : they 
have been performing w ithout t rouble for more 
than 18 months . In the two years of operation of 
the 337 detectors only one break-down has been 
observed at one detector . The reason was dust 
deposited on the high voltage connexions. During 
the reactor shut:down at the beg inning of 1983 
the dust sh ielding will be improved . The very high 
efficiency of the detector band permits to obtain 
reliable results in a very short time as shown on 
the figure 3. 

The test of the curved slot chopper has shown 
that it is not very useful: its transmission is much 
smaller than the normal straight slot chopper. 
Furthermore the experiments carried out up to 
now did not require chopper speeds above 
20 000 rpm. It has therefore been decided to re­
place the curved slot collimator by a straight one; 
th is will provide a spare chopper in case of acci­
dental break-downs. 

During the year some improvements have been 
implemented: a new external memory to eliminate 
some occasional memory faults, a new cooling 
loop with Peltier cells permitting to obta in tem­
peratures as low as - 50° C at the sample, a new 
sample holder loaded from the top w ith precise 
angu lar position ing of the samples. At the be­
ginning of December, a new evacuated sample 
box was installed. It wi ll be possible to put a 
camera much closer behind the sample, thus 
leading to clearer pictures. Two collimators will 
reduce the background : a straight one w ill 
el iminate the ta il of the small angle scattering 
from the beryllium f ilter, a rad ial oscillating colli ­
mator around the sample box will eliminate par­
asit ic reflexions not coming from the sample area . 
The IN 6 control program has proved to be very 
simple to use by visitors, and very reliable. The 
transmission of the data to the PDP 10 central 
computer is now automatic. 

Fig. 3: Experimental (a) and theoretical lb) sca ttering law of polycrystalline FCC Lanthan at 293 ° K (counting time: 4 h). The theory 
uses 14 Born-van Karman parameters with interactions up to the 8th nearest neighbour (U. Buchenau, Julich and N. Nucker, 
Karlsruhe). Run obtained on IN6. 
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IN10 backscattering 
spectrometer 

(C. Poinsignon, A . Magerl, J . Bauchat) 

The improvement to the new IN 10 spectrometer 
- installed during the long shut-down in 1981 -
include the computer controlled movements of 
the analysers, the graphite deflector and the 
sample table . Recently the Doppler drive was 
mounted on a motorized support, thus permitting 
a more rapid and precise alignment of the mono­
chromator. 

The old instrument computer has been exchanged 
for a PDP 11 / 23. This together with improve­
ments in the system software makes IN 10 now a 
very reliably running instrument. 

In addition, the software has been extended. This 
improves on-line data inspection and facilitates 
the alignment of various instrument settings. A 
new acquisition system using microprocessors is 
currently being designed. 

IN11 spin-echo spectrometer 

(J.B. Hayter, F. Mezei, J .P. Varini) 

The scientific programme of the instrument was 
about equally shared between chemistry type ex­
periments (investigation of polymers, micelles, 
polyelectrolytes, biological matter, etc .) and 
studies in condensed matter physics (such as 
phase transitions, spin glasses, self-diffusion, 
phonon linewidth, etc.). This profile of the 
proposed experiments is rather stable over the 
past few years, as is the chronic overload on the 
instrument. At each Scientific Council the de­
mand is about 3 times greater than the available 
beamtime, so that for example for one experiment 
it took as long as 4 years to total 3 weeks alloca­
tion necessary for a conclusion . This time is 
somewhat too long, even if the instrument has no 
competition elsewhere. 

In some experiments performed this year special 
attenti.on has been paid to exploring the ultimate 
resolution limits of the spectrometer. In the deter­
mination of the Lorentzian energy half width of 
quasielastic small angle scattering, 0 .2 neV sta­
tistical accuracy can be very rapidly achieved at A 
== 8 A. With the instrumental resolution broaden­
ing of about 15 neV, the systematic uncertainty, 
however, can be much bigger, especially if the 
scattering cross section changes very rapidly 
within the angular resolution of the instrument 
( - 0 .7° ). It was found that the systematic uncer­
tainties represent typically 1-3 neV error to the 
measured linewidth, which appears to be just the 
level at which the internal motion of certain 
biological molecules manifests itself, as was ob­
served for the first time in immunoglobulin this 
year. 
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Another highlight was the use of polarization an­
alysis in the study of superparamagnetic liquids 
(" ferrofluids") with the help of a newly imple­
mented software dedicated to the polarization an­
alysis investigation of polyelectrolytes. This is the 
first time polarization analysis has been coupled 
with small-angle scattering to study these interest­
ing systems. The technique provides a powerful 
means of following the detailed build-up of ani­
sotropy as an external fields is applied, and allows 
a sensitive test of recent theoretical predictions. 

The extension of IN 11 to a multiple detector 
system is nearing the end of the design stage. B. 
Sarkissian joined the group in Autumn this year 
and has been concerned with detailed calculations 
on the final magnet design . 

IN13 backscattering 
spectrometer 
for short wavelengths 

(A . Heidemann, I. Anderson , J. F. Barthelemy) 

IN 13 entered the phase of routine operation at 
the end of 1981 . Since then the spectrometer has 
been running quite smoothly. Occasional system 
crashes of the instrument computer were eli­
minated more or less completely by some im­
provements of the RT 11 software and by the im­
plementation of a standard DEC Camac 
controller. The PDP 11 / 34 was in addition 
equipped with a third terminal and a second disk 
drive. The memory was extended to 128 K. 

The most delicate part of the spectrometer, 
namely the monochromator furnace, has been 
operating without any problem in a temperature 
range from - 20 to 450°C. The second mono­
chromator furnace which is, apart from some 
minor improvements, a copy of the first one, was 
assembled, tested and is, since the end of 
October, in operation on the spectrometer . 

During the year 1982 numerous small improve­
ments have been executed . The background level 
was reduced by the addition of extra shielding . 

A complete set of data treatment programs is 
now available on the DEC 10 including raw data 
preparation (like CROSSX), display and fitting fa ­
cilities . 

The main object of the experiments carried out so 
far was the investigation of the O-dependance of 
the incoherent scattering law S,nc(O,w) over a 
wide O-range up to 5 .5 A 1 in a var iety of 
systems such as molecular crystals (tunnelling, 
reorientation), metal hybrides (diffusion) and 
polymers . The measurement of the inelastic struc­
ture factors of tunnelling molecules or molecular 
groups like CH3 in polycrystalline samples was for 
the first time successful due to the simultaneous 
availability of µeV-resolution and high O-values on 
IN13 . 



D 7 diffuse scattering 
spectrometer 

(0 . Scharpf, F. Fujara , R. Rebesco) 

At the beginning of 1982 a series of conventional 
diffuse scattering experiments were performed, al l 
at 4 .85 A, as the bad mechan ical construction of 
the first new monochromator did not allow the 
wavelength to be changed . After the unscheduled 
shut-down it finally became possible at the end of 
August to start experiments using polarisation an­
alysis. For this reason a new detector bench was 
constructed, which allows 16 detectors to be set 
up on one bench and a special collimator in a va­
cuum box in front of those detectors for normal 
no-analyser arrangement. For polarisation analysis 
this box can be replaced by eight analysers in 
front of each second detector and guide fields 
acting simultaneously as collimators . 

Each analyser contains 50 supermirrors . The di­
rection can be adjusted by computer controlled 
synchronous motors with reversable motion . The 
600 supermirrors 100 mm x 300 mm now needed 
for the analysers (in the final version it will be 
1 800 mirrors and polarisers) were deposited on 
thin glass plates, assembled to analysers and 
tested individually for good performance (polarisa­
tion better than 94 % , transmission better than 
70 % ). 

Six computer controlled current stabilized bipolar 
current sources were bought and are in use for 
spin flippers , spin turners and guide fields. For 
better resolution (ea . 70 µeV) than with the 
mechanical chopper and to gain intensity, a sta­
t istical fl ipper chopper between two supermirror 
polarisers was used, a set-up that also permits the 
use of detectors without analysers for TOF meas­
urements with the same good resolution . 

/.\ totally new concept of programming had to be 
developed to deal with all these new possibilities . 
This concept is applied in cases where it is not re­
quired to take into account all possibilities of the 
machine or to call upon a programmer to imple­
ment new measuring or evaluation methods. For 
real research it must also be possible to imple­
ment easily completely unforeseen measuring 
techniques. The design and realisation of this is 
due to 0. Scharpf. He chose as the programming 
language BASIC, which allows simple program 
development and simple direct display after 
evaluation directly on the machine during meas­
urement. Cross-correlation of the pseudosta­
tistical data during measurement and without 
interruption of the measurement and display of 
the results is possible as w ell as least square fits 
of the results using self-made matri x multiplica ­
tion and inversion assembler programs for a 
BASIC array . 

Experiments with spin analysis performed to date 
on D 7 are: 

1. Separation of coherent and incoherent scatter-
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ing by chlorine in the plast ic phase of a molecular 
crystal C2Cl6 . 

2 . Paramagnetic scattering with time of flight an­
alysis in Cr( Fe 10 % ) , TmAl2, Tb0 _ 15 La0 85Al2 , 

Tb0 _02 La0_18Al2 and Fe above the Curie point. 
3 . Separation of incoherent and coherent ine­
lastic scattering in fluid sodium . 
4 . Measurements were also performed in a field 
of 16 kG with polarised neutrons without analysis 
using the mechanical chopper. For this reason the 
Al -windows in the chopper wheels were cut away 
to avoid the depolarising eddy currents . 

011 small angle scattering 
instrument 

(P . Timmins, R. May, R. Oberthur, K. lbel, 
P. Joubert-Bousson) 

1982 has been a year of consolidation on D 11 
with a number of improvements being made fol ­
lowing the major modifications carried out the 
previous year. 

The on-line data reduction facilities have been 
improved by the purchase of a hard-copy unit 
linked to the Tektronix 40 .25 terminal. The DEC­
NET system has been implemented allowing com­
munication with the PDP-10 and other instru­
ments, also speeding up the transfer of data to 
the PDP 1 0 . The memory has been expanded to 
128 K. 

The CAMAC electronics has been reviewed with 
a larger memory and closed loop units for step 
motor control. A new live-display unit was in­
stalled . A further expansion to 256 K of CAMAC 
memory will soon enable the time resolution re­
quired in the field of repetit ive real time relaxation 
experiments . 

A prototype automatic control of collimation 
change has been installed on the 5 m guide sec­
t ion making collimation change more rapid . An 
electronically controlled beam-stop is under 
construction and will soon be installed . 

The scientific program continues to be very heavy 
with an average of almost four experiments per 
week and 2-3 times the available time requested. 
Several novel experiments have been carried out 
using new sample environments such as: myelin 

A B 

Fig. 4: Scattering from colloidal V2O5 in 0 20 /12 .5 mg! cm 3
) 

on the two-dimensional detector of D 11. 
la) at rest: iso trop ic scattering pattern 
l b) in a shear gradien t IS = 500 s- 1 ): anisotropic sca ttenng 
pattern. 



under high pressure (Worcester & Braganza, ILL) 
polymers and colloids in a shear gradient ( Lindner 
& Oberthur, ILL, see Fig . 4) and a magnetic alloy 
in a dilution refrigerator (Joffrin , Paris; Lyan , 
Maryland; Pynn, ILL; Ragazzon i, ILL) . 

D16 high q-resolution, four-circle 
diffractometer in the range 
o.o5 A- 1 < q < 2.5 A- 1 

(G . Zacca'i, S.A Wilson , L.F. Braganza, 
J.M. Reynal) 

In its new configuration with small two-dimen­
sional multidetector, D 16 has been in routine 
operation following the long shut-down this year . 
A number of experiments have taken advantage 
of the relatively large q-range ava ilable with good 
resolution . They include: Surface studies on 
graphite where the small angle region as well as 
the (002) graphite peak were of interest. Small 
angle studies on micelles, around the minimum q 
limit of the instrument. Powder diffraction from 
crystalline biological membranes (0.1 < q < 
1 .2 A- 1 ) where peaks separated by O .02 A- 1 

were well resolved (wire spacing on the multide­
tector corresponds to t:. q = 3 .5 x 10 - 3 A- 1). 

Improvements on the instrument have continued : 
the cooled Be filter is now under automatic refill 
control. The shielding around the monochromator 
housing and the instrument itself has been rebuilt, 
reducing the background to a very low level. 
Flight paths are under vacuum with automatic 

control. The software programs for data acquIsI­
t ion and treatment are under review to increase 
their flexibility and make their use easier for inex­
perienced users. A television camera alignment 
system is being installed . 

D17 low-q high resolution 
spectrometer 

(A . Bentley, G. Bentley, M. Roth , M . Cruz) 

A number of important improvements have been 
implemented in 1982. A new power supply has 
been installed for the velocity selector, wh ich 
gives a better stability of rotation speed . The 
improved version of the sample changer has 
proven 100 % reliable . The hard copy unit in­
stalled allows instantaneous output of displayed 
spectra. Faster data transfer to the PDP 10 main 
computer is assured by the new DECNET connec­
tion . In order to achieve better standardization 
throughout the lnstitut, the CAMAC controller 
has been changed . A number of modifications 
were made in order to facilitate the crystallo­
graphic work on this instrument. These include 
the installation of a faster and more accurate Eu­
lerian cradle (HUBER) on a more rigid support 
providing perfect reproducibility of the alignment. 
The temperature control system of the sample 
has also been improved by using a stream of dry 
air. 

Co-ordinators : 
A. HEIDEMANN. 

F. MEZEI. 
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instrument group 
diffraction instruments 
D1 A 

D1 B 

D2 

D2 B 

D3 

D4 B 

D5 

DB 

High resolution powder diffractometer on 
thermal guide H22. 

Two-axis diffractometer with multidetector 
on thermal guide H22. 

High flux 2-axis diffractometer with multide­
tector on thermal beam H 11 . 

Very high resolution powder diffractometer 
(in preparation). 

Two-axis polarized neutron diffractometer 
with lifting cou nter on thermal beam H5. 

Liquids diffractometer sharing hot beam HB 
with IN1 B. 

Three-axis polarization analysis spectrometer 
on hot beam H4 . 

High-flux four-circle diffractometer on thermal 
beam H11. 

Introduction 

The instruments of the group have continued to 
function satisfactorily during the year. Parallel to 
this, developments are going as planned for the 
instruments connected to the H 11 project as re­
ported below. The monochromator housings for 
the three instruments involved, D 2 B, D 19 B 
and D 20, have been designed, the tender to in­
dustry has been completed, and the group is now 
waiting for the decision on the fabrication of the 
shielding. The liquids diffractometer D 4 B has 
been completed, and during the year the rebuild­
ing of one of the other instruments on the hot 
source, D 9, was decided upon . 

Following the move of part of the group to the 
new computer building (ILL 19) the X-ray labo­
ratories have been moved as well, and are now 
installed in the basement of the building connect­
ing ILL 19 and ILL 20 . 

The group has, as usual during the year, received 
generous support from all services of the ILL, and 
we wou ld hereby like to express our sincere 
thanks. 

D1A high resolution powder 
diffractometer 

(A.W. Hewat, A . Wright, S. Heathman ) 

The demand for the high resolution powder dif­
fractometer continues to increase; nearly 10% of 
all ILL proposals are now for D 1 A , with an aver-

D9 

D10 

T12 

D15 

D18 

D19 A 

D20 

S21 

LI 4 / 5/7 

Four-circle diffractometer on hot beam H3. 

Four-circle triple -axis spectrometer on 
thermal guide H24 (neutron spin-echo op­
tion) . 

Neutron camera on thermal guide H23. 

Four-circle MK 6 diffractometer on inclined 
thermal beam IH4. 

Neutron interferometer on thermal neutron 
guide H25. 

2D multidetector for tests on thermal guide 
H24 . 

High flux multidetector (in preparation). 

Double crysta l diffractometer. 

X-ray laboratories. 

age of 3 .5 days allocated to any one. With 
automatic programming of the temperature, two 
or more scans per day are now common, and 
often one hour scans at a series of temperatures 
are used to follow phase transitions. The installa­
tion of the new direct dialling telephone exchange 
means that it is now possible to interrogate and 
control D 1 A from remote home terminals at any 
hour of the day or night; the same remote 
terminal can also be used to process the data on 
the central computer. Apart from convenience, 
this should in future improve the efficiency by re­
ducing machine or user errors. Some problems 
were experienced in 1982 with the electronics, 
which is now ten years old and reaching the end 
of its life . 

D1 B two-axis diffractometer 
with multidetector 

(J. Pannetier, P. Mangin, A . Dorn) 

The instrument has continued to perform well 
under the Solar computer with few technical 
problems. The average time allocation has 
dropped to 3 .8 days and is shared almost equally 
between colleges 5 and 9 . 

The dedicated furnace (up to 1200°C) has been 
fully tested and in now available as standard 
equipment. A translation table has been installed 
on the goniometer to facilitate the cryostat or 
furnace centering and minimize the loss of beam 
time during a change of configuration of the in­
strument. A new Eulerian cradle controlled by the 
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instrument computer is presently under test and 
should be available soon for texture experiments. 

A study of the implementation of super mirrors 
for neutron polarization was carried out; it was 
found that a polarization of 95 % could be 
achieved at 2.52 A with a reduction of flux of a 
factor 10. 

D2 high flux two-axis 
diffractometer 
with multidetector 

(J. Bouillot, J. L. Soubeyroux, P. George, 
J . Torregrossa) 

D2 has continued to perform a large number of 
experiment$ in the field of magnetic alloys, inter­
calated surfaces, amorphous, liquids, and even 
gases. These experiments made use of the whole 
wavelength range and sample environment possi­
bilities of the diffractometer. 

The small number of test experimental days was 
mainly due to some instabilities of the new 64 
cell multidetector. These problems are now com­
pletely solved. 

The horizontal magnetic field cryomagnet is again 
available after having been more than one year 
out of use. A four-circle apparatus for texture 
studies is being set up and will be available in 
1983. 

D2 B very high resolution 
powder diffractometer 

(A .W. Hewat, S. Heathman) 

D2 B will be a much improved version of D 1 A, 
using 64 five-minute collimators and high pres­
sure He 3 counters; many of these components 
were delivered in 1982. The PDP 11 / 24 computer 
will arrive early in 1983, and the electronics and 
mechanics, which are standard designs, will be 
available later that year. II will then be possible to 
install D 2 B at the end of 1983 as planned . 

D3 two-axis polarized neutron 
diffractometer 
with tilting detector 

(F . Tasset, S. Burke, K. Ben-Saidane) 

During the long reactor shut-down it became pos­
sible to find and repair errors in the computer 
system, which had hitherto reduced its efficiency . 

At the same time routines were set up for 
automatic restart , but as the instrument now 
functions satisfactorily, these have not been used. 
The transmission of data to the DEC 10 works 
well, and it is even possible to carry out data re­
duction on the DEC 10 from D 3 . This allows a 
better optimization of measurement. 

A new pumping unit for the cryostat has made it 
possible to reach temperatures of 1 .35 K, and an 
improved sample holder now gives reproducible 
positioning in sample rotation of ± 0 .02° inside 
the cold chamber. In addition crystal orientation 
using half-shutters has been automated, and a 
new DAC module produced at the ILL will soon 
allow limited automatic control of temperature . 

The cabling of the instrument has been revised, 
especially with respect to the angular decoders, 
and in connection with this a dustproof cabinet 
has been purchased for holding the most sensitive 
part of the electronics. 

D4 B two-axis liquids 
diffractometer 

(P. Chieux, S. Cummings, A . Hawes) 

The 04 B instrument has been installed on the 
tanzboden . The first tests with neutrons were 
started in late November. One has observed as 
compared to D 4 a significant increase of flux at 
the sample, which amounts roughly to a factor of 
two to six depending on the monochromator fo­
calisation , (at a wavelength A = 0 .5 A) . It is too 
early yet to assess the quality of the instrument in 
its highest flux configuration, but one may al ­
ready claim that the results seem quite encourag­
ing. 

D5 polarized neutron 
spectrometer 

(K.R .A . Ziebeck , J . Schweizer, A . Perkins) 

As in previous years, D 5 was heavily over-sub­
scribed particularly for experiments involving pola­
risation analysis. The spectrometer operated 
routinely throughout the year without major inci­
dent. Following the installation of the dedicated 
11 / 34 computer emphasis has been placed on 
automation of the experiment. It is hoped shortly 
to install a sweep and field changing unit which 
will enable the incident neutron polarisation direc­
tion to be changed automatically. 

Work on the development of improved neutron 
polarising monochromators has continued 
throughout the year. 
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08 high flux four-circle 
diffractometer 

(S.A. Mason, G.J. McIntyre, J .R. Allibon , 
J . Archer) 

D8 cont inues to run satisfactorily. Because the 
instrument will soon be replaced by the D 19 B 
multidetector diffractometer, only improvements 
in the electronics and software, common to D 9, 
were made, These include implementation of 
quicker, more flexible centring routines and 
changes to the software and hardware to allow 
programmed control of the temperature of the 
displex cryostat, and remote control of the instru­
ment by telephone line. 

09 four-circle diffractometer 
with short wavelength 

(M.S. Lehmann, W.F. Kuhs, J .R. Allibon , 
J. Archer) 

The instrument has continued to function satis­
factorily . More emphasis has been put recently on 
studies at temperatures above ambient, and this 
year a new four-circle furnace, constructed at the 
Kernforschungszentrum Karlsruhe , has been 
brought into operation and used successfully for 
several studies . The furnace is watercooled with a 
vacuum shield, and can operate up to around 
1000° C with a long term stability of better than 
0.5 ° . 

New four-circle furnace /constructed at Kernforschungs­
zentrum Karlsruhe) in operation on 09. 

Remote control is now possible using a telephone 
line, and the instrument computer has also been 
connected to the DECNET system available at the 
ILL. This allows for almost instantaneous transfer 
of data to the central computer which permits 
early checking of the data and better planning of 
measurement . 

Temperature control and variation for the displex 
cryostat has been brought under computer su­
pervision . This allows automatic change for phase 

transition studies and a warning system in case of 
irregularities in cryostat behaviour. 

During the year the reconstruction of the mono­
chromator housing of D 9 has been extensively 
discussed, and at the autumn session of the In­
strument Subcommittee the rebu ild was recom­
mended . The new instrument will be called 
D 9 B, and w il l still be a four-circle diffrac­
tometer, possibly with a small area detector. The 
monochromator will be nearer to the hot-source, 
and this should allow both a higher flux at the 
sample and better resolution for data at high mo­
mentum transfer. The wavelength change will be 
computer controlled, and this will allow for 
routine checking on secondary extinction. At pre­
sent more detailed planning is under way, and it 
is hoped that the new instrument will be available 
shortly after the long shut-down in 1984-1985 . 

010 high resolution four-circle 
triple axis spectrometer 

(C . Zeyen, N. Lehner, R. Chagnon) 

Dl O worked well in all its different configurations 
(four-circle, two-circle, with and without energy 
analysis) . 

Experiments were mainly performed usjng the 
special four-circle He-cryostat, but a:so in the 
two-circle mode with a furnace, a cryomagnet 
and a pressure cryostat. 

For studies with energy analysis, the resolution 
can now be adapted by using the standard ILL 
collimators before the analyser . A small rotation 
unit for the automatic change from the Cu 200 to 
the PG 002 monochromators is under construc­
tion. Using the four-circle He-cryostat the sample 
temperature can now be changed by the com­
puter program, so that automatic measurements 
as a function of temperature are possible . An ex­
periment on TmS at T = 3 .6 K proved that 
measurements below 4.2 K are indeed possible . 

While no scheduled experiments suffered from 
the reactor shut-down, ~he spin-echo tests 
planned for this year could not be performed. 

D15 four-circle MKS 
diffractometer 

(P .J. Brown, S. Wilson , J .M. Reynal) 

Th is year again, most of the experiments carried 
out on D 15 have exploited its capability to 
provide sample conditions of temperature, pres­
sure or magnetic field which are difficult to 
achieve on the other four-circle diffractometers. 
This has meant that for most of the time the diffrac-
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tometer has been used in the normal-beam confi­
guration, the four-circle configuration with the 
two-stage displex refrigerator was used for just 
one experiment. The increased flexibility provided 
by the 11 / 34 computer and associated software 
has helped greatly with many of the experiments. 

During the year D 15 acquired its own ILL 
"orange" cryostat with a specially extended tail to 
allow measurements with a detector elevation of 
up to 30°. The new ILL standard thermometry as­
sociated with this cryostat allows much greater 
reproducibility of temperature. The high tempera­
ture (2000°C) furnace designed for powder 
studies was used for two single crystal experi­
ments. The experience gained has enabled the 
specifications for a high temperature "single 
crystal" furnace for D 15 to be established. We 
hope that such a furnace will be built during the 
coming year. A new half-shutter system with a 
high degree of stability and reproducibility has 
been designed and was installed in the spring . 
The use of this system enables a very much bet-

The D 19 A mu/tide tee tor prototype. 

ter centring of a sample held inside a cryostat or 
furnace. 

In October D 15 was dismounted to enable the 
work of dismantling PN 1 in preparation for the 
long shut-down of 1983. During this shut-down 
the IH 4 beam tube, on which D 15 is located, 
will be replaced. The instrument should be re-in­
stalled and ready for scheduled experiments in 
June 1983. 

D18 neutron interferometer 

(U. Kischko, G. Schmid) 

The instrument has continued to function satis­
factorily this year. From next year the instrument 
will stop being routinely scheduled, and will from 
then on be considered as a special instrument. 
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D19A two-dimensional 
multidetector on neutron guide 

(M . Thomas, R.F.D . Stansfield, M . Berneron) . 

For the first half of 1982, D 19 A was equipped 
with the small "fly's-eye" PSD of 64 x 16 cells . 
This configuration has been used to collect data 
from an organic crystal ( Phthalocyanine 
C32 H,8N8 ) and an inorganic crystal (DKDP = 
KD2PO4 ) at room temperature. These experiments 
were performed using classical four-circle geome­
try with the aid of the control program LSD . The 
DKDP data was reduced to integrated intensities, 
on-line on a PDP 11 / 34, using the new program 
BRAGAI. The reduced data have been the subject 
of a detailed analysis, which was presented at the 
PSD workshop held at the ILL in October. The 
results are encouraging for the role of PSD 's in 
the evaluation of accurate Bragg intensities. 

In the second half of the year, a large vertically 
curved PS D of 512 x 16 cells was installed in 
place of the small prototype. After two months of 
tests by the detector group, the hardware was 
operational. Software methods are being ex­
tended for the big detector, in conjunction with 
progress towards defining an optimum strategy of 
data collection using normal-beam geometry. The 
need to process several million words of data per 
hour, on-line, exceeds the capacity of the present 
PDP 11 / 34 , and a VAX 11 /750 computer has 
been approved for delivery in early 1983 . 

The scientific program for D 19 A in 1983 in­
cludes three proposals from other laboratories and 
marks the start of a scheduled service to users. 

D20 two-axis diffractometer 
with PSD at high counting rate 

(P . Convert, J . Bouillot, J. Torregrossa) 

The detailed design study of the mechanical part 
of the diffractometer is underway. The fast data 
acquisition system is under development. The 128 
cell D 20 PSD prototype built by ILL (Jacobe) , 
using 3He gas, will be operational in early 1983 . 
The techn ical tests of a 100 cell PSD prototype 
built by the Rutherford Laboraty, using a scintilla ­
tion discrete element system, was performed at 
the ILL in December 1982 . The decision to build 
the large D 20 detector based either on the gas or 
scintillation technique will be taken in January 
1983 . 

X-ray laboratories 

(A .N. Christensen, P.J. Brown, G. Schmid). 

The X-ray laboratories were out of operation for 
part of the year while the move to the new loca­
tion ( room S 15 under the hall connecting ILL 19 
and ILL 20) was made. The laboratory is now 
again operational and comprises a Siemens dif­
fractometer , a precession and a Weissenberg 
camera . Improved microscope facilities are being 
set up at present, and work is under way installing 
an X-ray powder diffractometer. 

Co-ordinator: 
M.S. LEHMANN . 
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monochromator group 

Instruments: 
D13 

D13 C 

Neutron double-crystal diffractometer on 
thermal guide H24 

Neutron double -crystal instrument on 
thermal guide H23 

Status of the Instruments 

No major modifications of the neutron and X-ray 
facilities were carried out in 1982. D 13 A was 
used for crystal characterisation and orientation 
and D 13 C served as usual for monochromator 
tests and for assembling multicrystal focussing 
systems. On the other hand, the three y-ray dif­
fraction units of LI 3 were completely dismantled 
and are being reconstructed in a different way in 
order to accommodate the fourth diffraction unit 
including the crystal growth furnace. Because of 
safety regulations the radioactive source had to 
be moved to a special building separated from the 
y-ray laboratory. The installation of an alternative 
and complementary source (137Cs) is envisaged 
which would feed the crystal growth facility and 
at least one of the other diffractometers used for 
in-beam plastic deformation 

A new mechanical device for monochromators 
with variable radius of curvature has been de­
veloped which was applied to the design of the 
IN 1 B / D 4 B, IN 20 and D 20 monochromators 
(in collaboration with E. Schedler, Neckarsulm, 
Germany and the Mechanical Construction Group 
of the Technical Department). The procedure for 
the oriented transfer of the crystals has also been 
considerably improved. 

Monochromator production 
and development 

The prototype of the variable curvature mono­
chromator for D 4 B/ IN 1 B was equipped with 
Cu(220) slabs covering a surface of 400 cm 2 . 

Both the reflectivity and the gain due to vertical 
focussing were as expected, corresponding to a 
total increase of flux by a factor of 4 to 5 with re­
spect to the old IN 1 in the energy range from 
100 to 300 meV. The mechanical support for the 
four-rnonochromator device has been constructed 
and the copper crystals (200, 220 and 311) are 
being mounted on three faces. The fourth system 
will be supplied later, probably also with copper 
crystals for high intensity and lower resolution 
work . Two analyser systems for variable curvature 

LI 2A 

LI 2B 

LI 3 

X-ray double crystal diffractometer 

X-ray orientation unit 

Gamma-ray diffractometer 

Laboratory for crystal preparation 

were equipped with Cu (200) and PG(002) crys­
tals. The production of Heusler alloy crystals for 
the IN 20 monochromator and analyser has al­
ready started and the copper crystals for this in­
strument are in preparation. The copper raw ma­
terial (undeformed) for IN 1 B/ D 4 B and IN 20 
was partly provided by the Kristall-Labor of the 
KFA Julich, Germany 

The in-beam controlled growth of copper crystals 
by means of a Bridgman furnace mounted on the 
y-ray diffractometer was delayed due to the late 
delivery of the temperature control and to the 
subsequent modifications at the y-ray laboratory. 
We hope to start operating this facility early in 
1983 . At about the same time we shall begin with 
y-ray in-beam experiments on the improvement of 
pyrolytic graphite using a furnace which has been 
supplied by the firm Le Carbone Lorraine, Genne­
villiers, France . 

After a series of unsuccessful attempts to produce 
good quality beryllium single crystals of big 
diameter by means of the improved induction 
furnace a very encouraging result was recently 
obtained with the newly constructed light-weight 
furnace at the Max-Planck-lnstitut fur Metallfor­
schung, Stuttgart, Germany (S. Joensson, S. 
Stiltz) . A 10 cm long crystal of 1 cm diameter has 
been grown without any subgrain boundary. The 
mean mosaic spread of th is crystal as measured 
with y-rays was O .05°, distributed uniformly as 
shown by topography. We hope that this unique re­
sult will be reproducible also for bigger diameters. 

The peak reflectivity of intercalated graphite ( KC8, 

d001 = 5 .35 A) is close to the theoretical value for 
a wavelength of 7 .2 A. This has been confirmed 
experimentally (rP = 71 % for a mosaic spread of 
1.8° ), and the preparation of other compouds 
with slightly different lattice constants (RbC8, d001 

= 5.65 A) is under way for a composite mono­
chromator where the lattice plane distance is 
varied . Such systems are of direct interest for a 
diffractometer to be designed for biology and for 
nuclear physics experiments. This development is 
carried out in conjunction with Ecole d' Elec­
trochimie, INPG, Grenoble (A . Hamwi, P. Tou­
zain). 
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Big sapphire crystals produced by the firm Pechi­
ney Kuhlmann, Pont de Claix, France, have been 
examined with a view to their application as fast 
neutron filters . The relatively large and non-uni­
form mosaic spread makes them suitable only for 
work at fixed neutron energies below about 60 
meV. Based on a general formula developed for 

calculating total cross-section MgF2 has been 
discovered as a possible candidate which can be 
obtained as a big single crystal of a few seconds 
mosaic spread. 

Co-ordinator: 
A . FREUND . 
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sample environment group 

Vacuum 

Maintenance of the 470 Institute pumps: 
700 Routine interventions. 

- 360 Repairs, of which 150 major repairs. 

Commissioning of new pumps: 
12 Primary pumps. 
2 Turbo-molecular pumps. 
7 Roots pumps. 
5 He pumps. 

Assembly of 5 complete He pumping systems. 

Approximately 650 leak tests have been per­
formed in the laboratory (with helium leak de­
tectors). Four weeks have been spent on various 
leak tests 'in situ', on the reactor systems and on 
the experimental devices. 

Cryogenic fluids 

Liquid Nitrogen: 
396 550 I (+17%) at cost .45 F/1. 

Liquid Helium: 
- Consumption: 63 445 I ( + 70%). 
- Average cost per litre: 19.5 F (+6%) includ-
ing gas losses. 
- Gas losses: 11 200 m3 (i.e. 24% of consump­
tion) , (19% in 1981 ). 

Despite the reduced operation time of the reactor, 
there was a large increase in Helium consump­
tion, due to the operation of superconducting 
magnets and to the increase of sample prepara­
tion experiments. 

Cryogenics 

Neutron experiments requiring low temperatures: 
224. 
Cryostat-days: 2 192. 

Standard cryostats 

1 new standard cryostat has been developed and 
put into service for use with a conventional 
electro-magnet, having the same performances 
and reliability as the standard cryostat. 

4 standard cryostats have been commissioned 
and put into service. 

4 closed circuit 10 K machines have been 
mounted with the top loading ILL system. 

Special systems 

- The IN 1 Be-Filter (77 K), to be installed in the 
primary beam, has been studied, mounted and 
successfully tested out of the beam. 
- The ultra-cold neutron source superfluid He at 

Upper and lower structure of the new insert for the "pocket 
dilution refrigerator " which fits into a standard orange ILL 4He 
cryostat. 
Temperature range: 50 mK to 300 K. 
Maximum sample can dimensions: 70 mm high, 38 mm wide. 
The insert has been developed by K. Neumaier (Zentral-ln­
stitut fur Tieftemperaturforschung der Bayerischen Akademie 
der Wissenschaften, Garching) in collaboration with the ILL 
Sample Environment Group. 
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. 5 K has been commissioned and put into test 
operation for two months. 

Very low temperatures 

6 experiments have been conducted at very low 
temperature on IN 6, D 11 (2), IN 10, D 16, 
IN 2. 

1 experiment has been unsuccessful, due to cold 
leak in the dilution heat exchangers. 

A new dilution insert which can be operated in 
standard ILL cryostats has been successfully de­
veloped in collaboration with Dr . Neumaier, from 
Munich. 

A temperature of 40 mK is achieved at the mo­
ment . Improved performances are expected in the 
near future. 

The main problem in this field is, and will con­
tinue to be, the lack of staff. The only technician 
devoted to this domain cannot prepare and 
operate several systems simultaneously. The very 
low temperature systems are therefore not used 
as extensively as they could be. 

Superconducting magnets 

- The 10 TESLA vertical field magnet manu­
factured by I. G. C. has been delivered and tested 
at the ILL. This magnet, purchased for D 7, will 
enter into full service when the necessary altera­
tions have been made to D 7 to accept it . 

- The 6 TESLA computer controlled vertical 
field magnet system ordered by the 3-Axis Group 
has met with problems during manufacture, but 
should be tested and installed at the ILL early in 
1983 . 

- The 02 5 TESLA horizontal field magnet has 
been tested and re-installed on its experiment 
after modification and repair at Oxford Instru­
ments. This magnet is now back in full time 
service and has successfully functioned for 
several experiments. 

- The D 3 THOR magnet system, (originally 10 
TESLA) which was rejected during acceptance 
tests at the ILL as it did not reach its specified 
field, will now be delivered and tested at the end 
of 1982 with a nominal field of 7 TESLA. 

There have been improvements over last years 
situation, but several problems still exist. Al­
though devoted to an instrument, all these 
systems should operate also on other instruments 
when required . That would mean one 'operator' 
per superconducting magnet, which is impossible, 
with the present staff of only one technician. 

Furnaces 

- · 70 ( + 8) experiments have used furnaces on 
loan from the Sample Environment Service. The 
increase in this field is in fact higher, as the ex­
periments on instruments with their own furnace 
are now not included in this figure . 

- After the satisfactory results obtained with the 
2nd version of the 2 500°C furnace, a third ver­
sion has been studied. One similar model , which 
is specially adapted to D 15, is being studied . 

- The basis of a standard furnace for the Triple 
Axis instruments have been fixed. 

- Major modifications have been carried out on 
the IN 4 furnace, and studied on S 6 furnace 
(again) . 

Temperature measurement 
and control 

The new ILL microprocessor-based temperature 
controller has made progress as planned. A first 
series of six units are nearing completion and 
these will be installed on selected instruments 
during the long reactor shut-down at the be­
ginning of 1983. 

During the year the group has purchased three 
high-precision a.c. resistance bridges which en­
able us to measure and control temperatures in 
low-temperature furnaces to a precision of the 
order of 1 mK. 

The replacement of Si diodes thermometers by 
calibrated Platinum and Carbon resistances has 
been continued and is nearly finished . The pos­
sible uses of Rhodium-Iron resistances have been 
studied and some will be mounted for test under 
real experimental conditions. 

D. BROCHIER. 
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central group 

During 1982 the group has been very actively in­
volved in organising, defining, supplying and 
maintaining the general services required by the 
I. L. L. scientists and visitors in the carrying out of 
their experimental programmes. As in previous 
years this has included: 

- The provision of cryogenic fluids (liquid He­
lium and Nitrogen), and some maintenance of de­
wars. 
- The provision of general fluids (electricity, 
water, compressed air and gases, and effluent re­
covery). 
- The definition, connection, regular testing and 
improving of instrument alarm and safety inter­
lock systems. 
- Provision and repair of gas regulators. 
- The preparation of instructions for the supervi-
sion of dangerous experiments and materials, and 
the procedures to be followed in the event of any 
incident. 
- Assistance with the installing and dismantling 
of special beam experiments particularly on the 
polarised beam PN 7 and the N-N experiments. 
- Planning and organisation of shutdown work 
schedules. 

The necessity to change the reactor thimble on 
IN4, involved the dismantling of the entire 
primary shielding, and the opportunity was taken 
to redesign and modify it, to facilitate any future 
dismantling. 

Currently, preparations are well advanced for the 
long shutdown in 1983 during which a number of 
other reactor thimbles are to be changed. This 
has already involved the complete dismantling of 
D 15, and a large part of PN 1. The instruments 
D 2, D 8, IN 8, D 3 and part of H 6 will also be 
dismantled. The movement and safe storage of 
the large quantities of shielding and experimental 
equipment involved, has necessitated the const­
ruction of a specially adapted building for the 
shielding of D 15, and the purchase of a crane 
lorry. 

The definition of the basic safety configuration 
'Etat Fondamental' and intervention plans for all 
instruments have been virtually completed. 

Design proposals and studies were carried out 
for : 

- The new X-ray laboratory now installed and 
operational in the basement of ILL 19 . 
- The internal organisation of the new Experi­
mental Hall. 
- The T 12 Weissenberg camera instrument, in­
cluding the automatic control. 
- The modification of the Displex 1003 cryorefri­
gerators to make them compatible with ILL tem­
perature controllers. 

Following background measurements, modifica-
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tions have been made to D 16, by the addition of 
hot formed curved polyethylene as developed for 
D 12 in 1981. 

The installation of PN 8 lead to increased back­
ground levels, on the surrounding instruments, 
and after extensive studies, shielding improve­
ments were made on PN 8 and IN 4. Shielding 
improvements have been carried out on a number 
of other sites including D 7, PN 3, PN 4 and 
S 21 . 

Special developments have included: 

- The realisation of seamless spherical radiation 
shields. 
- The examination of optimised y and neutron 
shields for new miniature types of detectors de­
veloped by external laboratories. 
- The study of new guide tube windows in 
graphite. 
- The transformation of Lithium metal to 
Lithium fluoride . 
- The production of a new beam shutter control 
box with the Reactor Electrical Group. 

Improvements have been made in the experi­
mental halls by the installation of an extra work 
platform for PN 1, the installation of electrically 
controlled interlocked doors on the airlock of the 
guide hall building, and the installation of a light­
weight demountable cabin for S 21 . 

The future provision of clean, computer electrical 
supplies is being studied, and comparison being 
made between the choice of a centralised static 
invertor, or individual units on especially sensitive 
instruments. Test equipement has been installed 
to survey continuously the quality of the existing 
clean supply generator, particulary with regard to 
transient phenomena . 

A new improved integrated water supply and 
alarm system has been defined and is under 
construction. It will permit the automatic closing 
of the supply and the shutting down of equip­
ment, in the event of loss of flow or of a detected 
leak, and the transmission of an alarm to the 
Control Room via the SADI microprocessor. 

The SADI system is now fully operational, and is 
being used for the surveillance of a number of in­
strument safety parameters including vacuum 
pressure, gas detection and elevation of tempera­
ture . 

In collaboration with the Scientific Staff, display 
posters were prepared which have been used at a 
number of exhibitions in Britain, France and at 
the ILL. A three dimensional cut-away section of 
the Standard ILL Orange Cryostat has also been 
prepared for display purposes and for use in de­
scriptive manuals . 



Tra ining courses were organised by the Depart­
ment on Nuclear Physics sample environment 
techniques (cryostats, furnaces, magnets and 
high pressure), and in collaboration with the 
training section on Vacuum techniques . A course 

is planned on Cryogenic techniques. Visits were 
also organised to several local Research and In­
dustrial organisations during the unscheduled ex­
tended shutdown of the reactor. 

D. A. WHEELER. 
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Introduction 

All the internal scientific activity of the 
lnstitut is grouped into "colleges" with 
particular scientific interests. 

The following is the current list of 
colleges: 
College 2: Theory 
College 3: Fundamental and Nuclear 
Physics 
College 4: Structural and magnetic ex­
citations 
College 5: Crystal and magnetic struc­
tures 
College 6: Liquids, disorders and de­
fects in materials 
College 8: Biochemistry 
College 9: Chemistry . 

Each College corresponds to a Subcom­
mittee of the Scientific Council of the 
ILL, which advises the Directors on the 
scientific programme. New research 
proposals submitted to the ILL wi ll first 
be examined by the Colleges with re­
spect to their technical feasibility and 
then be presented to the Council Sub­
committees. A further task of the 
College is to contribute to a smooth 
carrying-out of the experiments by ap­
pointing local contacts and by advising 
the instrument responsible as well as 
the Scientific Secretary on the time 
schedules for the various instruments. 
The College Secretaries are normally 
elected for a 2 year term and have 
regular meetings with the Directors and 
Senior Scientists to ensure the flow of 
information on all matters concerning 
the scientific activity of the I nstitut. 

Einleitung 

Die gesamte wissenschaftliche Tatigkeit 
des lnstituts ist in Kollegien mit spezifi­
schen wissenschaftlichen lnteressen 
aufgetei lt. 

Zur Zeit sind folgende Kollegien am ln­
stitut tatig : 
Kollegium 2 : Theorie 
Kollegium 3 : Grundlagen- und Kern­
physik 
Kollegium 4 : Strukturelle und magne­
tische Anregungen 
Kollegium 5 : Kristallographische und 
magnetische Strukturen 
Kollegium 6 : Flussigkeiten, Unordnun­
gen und Fehlstellen in Substanzen 
Kollegium 8 : Biochemie 
Kollegium 9 : Chemie. 

Jedes Kolleg ium entspricht einem Un­
terrausschuss des Wissenschaftlichen 
Rates des ILL, der die Direktion in Fra­
gen des wissenschaftlichen Programms 
berat. Die Kollegien prufen als erste 
dem ILL unterbreitete Vorschlage zu 
neuen Forschungsvorhaben im Hinblick 
auf ihre technische Realisierbarkeit. Dar­
aufhin werden sie den Unterausschus­
sen vorgelegt. Eine weitere Aufgabe der 
Kollegien ist es, zu einem reibungslosen 
Ablauf der Experimente beizutragen : 
Sie stellen den Gastforschern wissen­
schaftliche Hille vor Ort und beraten 
den Verantwortlichen der Experimentier­
einrichtung und den Wissenschahlichen 
Sekretiir uber die Zeiteinteilung fur die 
Experimente an den verschiedenen ln­
strumenten. Die Sekretiire der Kollegien 
werden normalerweise fur 2 Jahre ge­
wahlt , und halten mit der Direktion und 
den "Senior Scientists" regelmiissig Sit­
zungen ab , um den notwendigen und 
alle wissenschaftlichen Tatigkeiten des 
ILL betreffenden lnformationsfluss zu 
gewahrleisten. 
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Introduction 

L'ensemble de l'activite scientifique de 
l' lnstitut est reparti en colleges avec des 
interets scientifiques specifiques. 

La liste actuelle des colleges se com­
pose comme suit : 
College 2 : theorie 
College 3 : physique fondamentale et 
nucleaire 
College 4 : excitations structurelles et 
magnetiques 
College 5 : structures cristallographi­
ques et magnetiques 
College 6 : liquides, desordres et 
defauts dans les materiaux 
College 8 : biochimie 
College 9 : chimie . 

Chaque college correspond a un sous­
comite du Conseil Scientifique de l' ILL, 
qui conseille la Direction en matiere de 
programmes scientifiques. Les colleges 
examinent d'abord la faisabilite tech­
nique des propositions de recherche 
soumises a l'ILL. Elles sont ensuite pre­
sentees aux sous-comites du Conseil 
Scientifique. Les colleges contribuent 
egalement au ban deroulement des 
experiences en proposant des collabora­
teurs locaux aux chercheurs invites, et 
en conseillant le responsable d'instru­
ment ainsi que le Secretariat Scienti­
fique de la repartition du temps d'expe­
rience sur les differents instruments . 
Les Secretaires de College sont norma­
lement elus pour 2 ans et se reunissent 
regulierement avec la Direction et les 
" Senior Scientists" dans le but 
d'assurer une bonne circulation de 
!'information dans tous les domaines 
d'activite scientifique de l'lnstitut . 
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theory 

Membership 1982 

I. ILL Members 
P. Nozieres 
P. Becker 
H. Capellmann 
B. Desplanques 
R. Hasse 
D. News 
M . Roger 
P. Schuck 
H.J . Schulz 
H.J . Sommers 
J . Treiner 
M . Uwaha 
T . Ziman 

II. Thesis Students 
C. Comte 
J. Bartel 
U. Stroth 

Introduction 

Besides the research actIvItIes in condensed 
matter and nuclear theory, which will be sum­
marized below, several points should be men­
tioned concerning the College. 

Professor P. Nozieres was elected to the French 
Academy of Sciences. The College has been in 
charge of organising the "General Colloquia" in 
the Institute (Becker, then Ziman). A workshop 
(CNRS contract) and an International Symposium 
(in honour of E.F. Bertaut) brought together ex­
perimentalists and theorists in the domain of 
electron density distribution in solids (Becker). 
The weekly theoretical seminar organized by No­
zieres has been quite successful and allowed for 
lively and controversial debates about new fields 
in Physics. Despite the replacement of two 
members (Capellmann and Schuck), the College 
composition has been quite · stable this year, 
which resulted in an increase of scientific colla­
borations both internal and with experimentalists. 

In the following we shall report about the major 
research subjects covered this year . 

Scientific Activities m 1982 

1 . Magnetism 
and magnetic transitions 

This field, one of the "classics" of ILL activities, 
exerts a significant attraction upon theorists, and 
allows for important joint studies with experi­
mental groups. 

Ill. Long term visitors 
S. Evangelou 
G. Ghosh 
J . Gunton 
M. Hood 
A . Huller 
I. Katz 
P. Lindgaard 
K. Makoshi 
S. Noguera 
R. Peierls 
R. Prange 
N. Read 
J. Solyom 
D. St James 
K. Usadel 
J . Winter 
J. Yeomans 

a) Itinerant Magnetism 

Theory of itinerant magnetism in 3d metals and 
alloys, developed by Cappelmann (and Vieira) led 
to the persistence of short range magnetic order 
above Tc. Important joint studies with Brown, Zie­
beck (ILL), Desportes and Givord, using polarised 
neutron scattering (Fe, Cr, MnSi) confirm this 
short range order and quantum fluctuations of 
magnetization density (MnSi). This collaboration 
opens a new field in the magnetism of metals. 

b) Solid 3He 

Roger, who proposed multiple exchange mecha­
nism to interpret magnetism (and other observa­
tions) in solid 3He, has further developed the 
theory for 3 and 4 particle exchange couplings, 
particulary as a function of particle density: with 
an interesting application to 2 D-Wigner solids. 
Theory seems to be ahead of experiments in this 
field, as diffraction at T < 1 mK is still under de­
velopment. Roger and Glyde proposed a quasie­
lastic neutron experiment, at T - 10 mK, show­
ing that it would be a unique test for multiple (3 
and 4 particle) exchange couplings. 

Together with Gillon (ILL), Becker studied the in­
fluence of substituants on spin properties of 
radicals such as =·~ NO, explaining the apparent 
disagreement between neutron, ESR and theore­
tical predictions . 

In collaboration with Bonnet (CENG) and Sfez 
(Paris), Becker proposed a simple model for inter­
preting "forbidden" magnetic reflections in YIG, 
in terms of covalent and superexchange interac­
tions. 
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d) Spin glasses 

Quantum theory of induced moment spin glass 
has been developed by Sommers (with Usadel). 
The theory is extended to Spin 1 systems with 
uniaxial anisotropy (such as MnZn, CdMn) . 
Sommers completed the derivation of Sompo­
linsky' s dynamic mean field theory of spinglass, 
discussed its property of marginal dynamic stabil ­
ity and its relation to Parisi 's replica solution . 

Ziman and Salamon (visiting experimental ist) 
proposed a simple phenomenological model for 
lineshapes of ESR spectra for spin glass, based 
on a fluctuating random field. 

Nozieres clarified the nature of Onsager reaction 
field in spin glass, an applied this to the study of 
metastable states. 

e) Spin-1 chains 

Ziman and Solyom undertook a study of Spin-1 
chains for a Hamiltonian with site and exchange 
anisotropy (as in easy plane ferromagnetic 
chains) . Study of finite chains (8, 7, 6) and use 
of renormalisation group enables a fair description 
of the phase diagram. Deviations from mean field 
model are quite marked . 

f) Spin Dynamics 

Two close collaborations with College 4 de­
veloped in this domain . Lindgaard studied the 
dynamics of incommensurate phases (in Nd, Pr, 
CeAl2 ) and of singlet-doublet systems. Hood cal ­
culated neutron polarisation effects for single 
magnons in a Heisenberg model and showed 
how polarisation analysis can distinguish bet­
ween site and exchange anisotropy (appl ication to 
CsNiF3 ) . 

2. Phase transitions, critical phenomena 
and low dimension physics 

There have been several crucial contributions in 
this most topical area of research. 

a) Adsorbed layers on surfaces (such as Xe on 
Cu(l 10), Pb on Cu(l 10) or H on Fe(l 10) exhibit 
various phases, commensurate, incommensurate 
and disordered. The phase diagram has been suc­
cessfully established by a theory of Schulz incor­
porating a dependance on the number of de­
generate commensurate phases. 

b) Newns and Makoshi studied the charge 
transfer associated with inelastic atom or ion 
collisions with a surface. Hasse, Ghosh and 
Schuck formu lated a quantum theory of electron 
stimulated desorption of hydrogen or oxygen 
from metallic surfaces (quantum effects are re­
lated to the large imaginary part of the optical po­
tential). 

c) In order to understand how anisotropic quasi­
one-dimensional super-conducting fluctuation ef­
fects decrease the critical temperature, Schulz de­
veloped a theory based on low energy phase 
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fluctuations of the surperconducting order 
parameter, incorporating quantum effects. He 
also investigated how the long range part of the 
Coulomb interaction in quasi-one-dimensiona l 
conductors may lead to the possibility of metallic 
character to remain at T = 0 . 

d) If localisation effect with diagonal dis­
order (site energy) is well established in random 
mediums, the problem is more difficult for cases 
w ith off-diagonal disorder (exchange), relevant to 
magnetic excitations for example. Ziman per­
formed a theory in such a case, first in one di­
mension, which has interesting singularities in 
transport and spectral properties . He then 
showed how one may map higher dimensional 
cases onto one dimension . 

e) Solyom, during his 4 month stay, developed a 
theory of finite size scaling of first order transition 
within Potts model. 

3. Quantum solids 

Under the leadership of P. Nozieres, important 
contributions have been achieved in this funda ­
mental area . Besides the study of magnetism in 
3He discussed above: 

a) Nozieres and Comte completed a detailed 
study of exciton condensation in semicon­
ductors, proposing a consistent theory to de­
scribe the competition between screening and 
pairing for Mott transition . Furthermore, Nozieres 
and St James studied the competition between 
excitons and biexcitons in a boson liquid : there 
can be an easy transposition to superconductivity. 

b) Uwaha (with G. Baym) developed a theory for 
sound attenuation in electron-hole liquids: 
the unexpectedly small effect in He is related to 
e-e collision process. 

c) Nozieres studied the thermodynamic formula­
tion for crystallisation kinetics in 4He, in collabo­
ration with Castaing and Balibar: roughening transi­
tion, Kapitza resistance. Uwaha developed a 
quantum theory of crystal growth in 4 He (from bulk 
or on substrate) particulary 'concerning the crystal­
lisation and Rayleigh waves . Nozieres and Uwaha 
started a study of the inferfacial behaviour . 

4. Other studies in condensed matter 

a) Newns and Read , in the limit of large orbital 
degeneracy, developed a thermodynamic 
theory of intermediate valence impurities. 
More generally, they are interested in t ransport 
phenomena in mixed valence compounds. Colla­
borations are in progress with Schweizer 
concerning form factor measurements. 

b) Charge Density in Solids. Collaborations of 
Becker with College V led to X-N studies in 
molecular crystals. In particular a recent study on 
short S ... O non bonded interactions (with Leh-



mann and Cohen-Addad) , both experimental and 
theoretical, leads to a new interpretation. Becker 
also developed a simple model for first order 
density matrix in ionic solids and metals with a 
few parameters being transferable to several ex­
periments . Finally he completed some studies 
concerning the theory of extinction, especially for 
polarized neutrons: this multiple scattering 
process is still of major importance in interpreting 
integrated reflectivities. 

5. Nuclear physics 

In this domain, very active joint studies with Coll ­
ege 3 and ISN are being developed, resulting in 
original contributions . 

a) Several studies were performed in semi­
classical nuclear theory (Schuck, Hasse, Ghosh, 
Winter) . Semiclassical methods (t, expansion, 
Fermi gas, or Landau theory, nuclear fluid 
dynamics in the long mean free path limit) were 
applied to nuclear properties (especially giant re­
sonances, fission, level densities, rotations). Such 
methods lead to significant improvement over 
previous theories (inclusion of finite size effects 
and higher momentum transfers). Bartel , in com­
pletion of his thesis, also developed semi-classical 
calculations and compared the results with 
Hartree-Fock models (particulary in a spherical 
model of nuclei 160-+ 208Pb). 

b) Schuck persued his work on Boson expan­
sions in application to nuclear spectroscopy: 
microscopic derivation of the phenomenological 
parameters of lachello's IBA-2 model. 

c) In collaboration with College 3, work has been 

continued on a wavepacket description of Cold 
Nuclear Fission, where the low probability 
events will be obtained by quantum tunnelling 
from the fission valley through the ridge into the 
fusion valley (Hasse) . 

d) Desplanques (also with Noguera) analysed the 
relative importance of relativistic effects in the 
radiative capture of thermal neutrons by 
protons and parity violation in elastic scatter­
ing of thermal neutrons on heavy nuclei (in 
collaboration with Avenier and Heckel) : for ex­
ample compensation in n + p -+ d + y . Parity 
violation is also important when the probability of 
a nucleon to be at the surface is small. 

e) Desplanques (with Mathiot) improved his 
theoretical description of magnetic form 
factors by including high momentum transfer 
components. 

He also reproduced evidence of the absence of 
quenching of magnetic and Garnow-Teller transi­
tion due to excitation of the 6 resonance . 

Concluding remarks 

It is clear from the preceding section that for 
most of the problems of interest among the 
theory College, interactions with experimental 
teams inside and outside the Institute, either oc­
cured or will inevitably occur. Such collabora­
tions, and also internal joint research within the 
College take time to develop and open out, and it 
is thus important that theorists can stay for 
several years at the Institute. 

Secretary: 
P. BECKER. 
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fundamental 
and nuclear physics 

Members of the college 

I. Internal members 
M . Avenier 
J . Bartel 
H.G. Borner 
F. Bliinningen 
R. Brissot 
G. Colvin 
B. Desplanques 
H.R. Faust 
F. Giinnenwein 
B. Heckel 
R.W. Hasse 
F. Hoyler 
K. Jewell 
S.A . Kerr 
W . Mampe 
B. More 
S. Noguera 
A. Oed 
J . Pannicke 
P.E.J . Perrin 
B. Pfeiffer 
K. Schreckenbach 
P. Schuck 
M . Snelling 
U. Stiihlker 
U. Stroth 
H. Weikard 

II . External members 
P. Liaud (Chambery) 
E. Monnand (CENG) 
C. Ristori (CENG) 

General summary 

In 1982, research work in College 3 comprised 
the following studies: 

1) Fission induced by thermal neutrons was 
studied at the cold neutron beam IH 1 and the 
neutron guide H 22 D. The parabola spectrometer 
LOHENGRIN was shut down in 1982, waiting for 
the preventive exchange of the correponding 
beam tube H 9 (see instrument group report). 
At IH 1 the gross features of thermal neutron in­
duced fission of isotopes with small fission cross­
sections were investigated. The double torus io­
nisation chamber "DIOGENES" installed at 
H 22 E aimed at the study of the dynamics of the 
ternary fission process and the new instrument 
COSI FAN TUTTE (PN8) proved its high per­
formance during the first test runs. 

2) Nuclear structure studies were performed at 
the bent-crystal spectrometers GAMS, the beta­
spectrometer BILL, the pairspectrometer PN 4 
and the y-y correlation facility at H 22 F, using 

Ill. Visiting members 
E. Aker (Karlsruhe) 
P. Armbruster 
M. Baldo Ceolin (Padua) 
C. Botty (Rutherford) 
J . Byrne (Sussex) 
J . Chauvin (ISN) 
H.G. Clerc (Darmstadt ) 
D. Dubbers (Heidelberg) 
D. Engelhardt (Karlsruhe) 
G. Fidecaro (CERN) 
M. Fidecaro (CERN) 
I. Forster (Kain) 
P. Geltenbort (Tubingen) 
R. Golub (Munchen) 
K. Green (Rutherford ) 
W .D. Hamilton (Sussex) 
P. Heeg ( Darmstadt) 
P. Hermann (Munchen) 
E. Kruger (PTB Braunschweig ) 
K. Kugler ( Bonn) 
B. Leroux (Bordeaux) 
J . Morse (Rutherford) 
H. Nifenecker (CENG) 
W . Nistler (PTB Braunschweig ) 
R. Olivier (ILL) 
W . Paul (Bonn) 
J .M . Pendlebury (Sussex) 
G.H. Puglier in (Padua) 
N. Ramsay (Harvard) 
P. de Saintignon (ISN) 
A . Steyer! (Munchen) 
G.P. Theobald (Darmstadt) 
B. Vignon (ISN) 
W. Weirauch (PTB Braunschweig) 
R. Wilson (Harvard) 

the (n,y) reaction. At OSTIS, the beta-decaying 
fission products were investigated by ~-, y- and 
neutron spectroscopy. 

Investigations at GAMS, BILL and the pair spec­
trometer included: test of the Interacting Boson 
Fermion Model (IBFM) on odd-A Hf, Ta and Pt 
isotopes; residual neutron-proton interaction in 
medium mass nuclei and actinides; systematic 
studies of even-even and even-odd deformed 
rare-earth nuclei for investigating the predictions 
of the Interacting Boson Model (IBM) and the 
coupling of vibrational states to Nilsson configura­
tions respectively . Precise level energies up to the 
neutron capture state for 28AI and 36 CI were also 
investigated. 

At the y-y correlation facility (H 22 F) spin and 
parities of nuclear levels and multipolarity mixing 
ratios were determined for various nuclei. 

At OSTIS the main interest was focussed on 
nuclei close to the neutron numbers N = 60 and 
N = 90 in view of new regions of deformation. 
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Op values, half-lifes, y-rays and delayed neutrons 
were measured to elucidate the nuclear proper­
ties. Neutron-rich isotopes of Sr, Y, Zr, Ce and 
Ba were compared with predictions of the IBM. 
W ith the new high temperature source very neu­
tron-rich isotopes were observed. 

3) In atomic physics the influence of the chem­
ical bond on outer shell internal conversion 
electrons was studied at the beta-spectrometer 
BILL. 

4) Parity violation in the weak nucleon-nucleon 
force was examined in two different experiments 
with polarized neutrons. A definite effect for the 
parity non-conserving (PNC) neutron spin rotation 
was observed in 139La using the monochromatic 
beam S43. At PN 7 an experimental set-up was 
calibrated aiming at the determination of the 
asymmetry Ay of the y-emission from the po­
larized neutron capture of the proton . 

5) Neutron decay experiments were performed 
to measure the neutron half-life (magnetic hexa­
pole sphere at H 17) and parameters of the decay 
electrons from polarized neutrons (spectrometer 
PERKEO at PN 7) (see f ig. 5) . 
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Fig. 5: Decay of polarized neutrons. The enormous gain in the 
observed polarized neutron decay rate by the spectrometer 
" PERKED " at PN 7 is illustrated. 

6) Ultra-cold neutrons (UCN) from PN 5 were 
used for a further search of the electric dipole 
moment ( E. D. M .) of the neutron. A neutron 
microscope for UCN was tested at PN 5. The 
performance of a new superthermal UCN source 
was examined in detail at H 17. 

7) The neutron-antineutron oscillation experi ­
ment at H 18 achieved a limit of 106sec for the 
oscillation period . The experiment searches for 
baryon number violation at a level of .6 B = 2. 

8) Further special beam experiments comprise 
a precise measurement of the fundamental con­
stant ratio h/ mn at S50 , (n,a) and (n,f) cross-sec­
tion measurements at H 22 E, neutron activation 
analysis of geological material at PN 4, and the 
determination of the cumulative beta-spectrum 
from thermal neutron induced fission of 235U and 
239 Pu at H 22 D and H 22 F. The latter experi­
ment aimed at the complemantary v. spectrum, 
important for reactor neutrino experiments. An 
experiment at the BILL spectrometer searched for 
decay branches involving heavy neutrinos in the 
64Cu p + decay. 

9) In theory the main work was focussed on the 
dynamics of cold fission events and parity viola ­
tion in the weak nucleon-nucleon interaction. 

In 1982, 107 proposals were submitted of which 
86 were accepted. 

Scientific trends and highlights 
in 1982 

Thermal neutron induced fission 

At IH 1 fission fragment energy measurements 
have been carried out for the fissionable isotopes 
229Th and 232 U. The fissioning events were re­
corded in a .6E-E ionisation chamber identifying 
nuclear charges. Such measurements are the 
basis for testing models where the static proper­
ties in the fission process, such as shell and pair­
ing corrections, are described. 

The big double torus ionization chamber "DIO­
GENES" was set-up at the beam H 22 E and per­
formed multi-parameter measurements of ternary 
f ission . For each such event "DIOGENES" re­
cords kinetic energies, charges and emission an­
gles of the fission fragments and the associated 
light particle . Since these light particles are 
emitted close to the scission point they carry in­
formation on the scission configuration. 

The fission fragment coincidence spectrometer 
COSI FAN TUTTE (PN 8) proved its high per­
formance in first measurements with 235 U targets. 
The present status of this instrument is sum­
marized in the instrument group report. 

Nuclear structure work 

The nuclei 177•179Hf, 181 •183Ta and 195Pt were inves­
tigated by (n ,y) at GAMS, PN 4 and BILL, testing 
the IBFM predictions for heavy nuclei close to the 
IBM 0(6 ) limit. For 195Pt the measurements, per­
formed in collaboration with the Brookhaven Na­
t ional Laboratory, established a complete set of 

- 67 -



Table 3. 
Collaboration of College 3 with institutes and universities in 1982. 

Fission 

Darmstadt GSI 
Darmstadt TH 
Grenoble CEN 
Grenoble University 
Geel JRC 

Nuclear Spectroscopy 

Koln 

Weak-nucleon-nucleon force 

Spin rotation: 

Gent 
Bordeaux 
Mainz 
Munchen 
ISPRA 
Tubingen 
Lyon 

EDM-Experiment 

Sussex 
Harvard 
Oak Ridge Nat. Lab . 
Rutherford Lab. 

UCN research 

Lancaster 
Sussex 
Munchen 

Belgrade 
Sussex 
Glasgow 
Munchen 
Manchester 
Maryland 
Giessen 
Fribourg 
Braunschweig 
Gottingen 
Mai 
Brookhaven Nat. Lab . 
Grenoble CEN 
Livermore LL 
Leningrad 
Julich KFA 

NN transitions 

Cern 
Padua 
Rutherford Lab. 

low spin, negative parity states up to E, = 1.5 
MeV (see fig. 6). Below 1 MeV eleven states with 
yr = 1 /2,- 3/2 - were identified and discussed in 
the frame of the IBFM. In this scheme a so-called 
multi-g supersymmetry was predicted recently. 
The present data seem to be the first detailed ex­
ample for this new class of supersymmetries. Fur­
ther detailed comparisons with the IBFM are in 
progress for the nuclei 181 •183Ta, where levels with 
spin up to 21 /2 were observed in the (n,y) reac­
tion. 183Ta has been reached by double neutron 
capture in a 181 Ta target due to the high neutron 
flux at the GAMS and BILL target positions. Data 
of high quality were obtained for 181 Ta, although 
only a small amount of the target nucleus 180Ta 
was available (180Ta is the rarest stable istotope !). 
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Fig. 6: Comparaison .of observed negative parity levels in 195Pt 

with the predictions of IBFA multi-g supersymmetry. The 
levels are grouped by the quantum numbers (o 1, o2, o3) of 
the model. Below 600 keV (dashed line) there is a striking one 
to one correspondence. The levels were deduced from a com­
bination of (n,t, y)-measurements at GAMS and average re­
sonance neutron capture studies at the Brookhaven National 
Laboratory. 

Extensive investigations have been made on well 
deformed rare earth nuclei. For the odd-A nuclei 

Harvard 
Rutherford 
lspra 
Sussex 

n p capture: 
Grenoble ISN 
Harvard 

Theoretical physics 

Bordeaux 
Munchen 
Lyon 
Grenoble CENG 
Grenoble ISN 
Orsay IPN 
Orsay CSNSM 
Regensburg 

Fundamental constants 

Braunschweig PTB 

n-decay 

Bonn 
Heidelberg 
Argonne 
Los Alamos 

161, 163, 165Du and 153Gd vibrational modes coupling 
to the Nilsson states were studied. The even-even 
nuclei 162 • 164• 166Dy and 154Gd were measured up to 
E, = 2 MeV revealing information on the relation 
between the geometrical model and the IBM. 
Two more details were investigated for the 
classical example 168Er: (i) branching ratios from a 
likely candidate for the 2-phonon K = 4 + y-vibra­
tion, (ii) M1 admixtures for the y-band to ground 
state band transitions via internal conversion 
electron subshell ratios. Both sets of 168Er data 
permit again the testing of the IBM. 

Detailed structure studies on odd-odd actinides 
were continued with 242•244Am and 238Np. The 
level structure of 244Am could be explained by a 
model where the unpaired proton and neutron 
disturb only weakly the deformed core. Thus the 
n-p residual interaction can be well studied for 
this class of nuclei. 

At the fission product mass separator OSTIS the 
on-set of deformation at neutron numbers N = 
60 and N = 90 was investigated systematically, 
yielding detailled information on excited states 
populated by the ~-decay or delayed neutron de­
cay of the precursors. 99Sr, 99 •100Y and 100zr were 
shown to be at the edge of a new region of de­
formation around N = 60, while a transitional 
character with shape coexistence was observed 
for 98 Sr. Studies on nuclei close to N = 90 were 
primarily performed for comparison with IBM pre­
dictions. Comprehensive decay schemes of 140Ba 
and 142-148Ce were established, and complement 
the systematic studies performed earlier on even­
even Ba isotopes. 

The measurements of P-delayed neutrons at 
OSTIS yielded interesting contributions to nuclear 
structure problems. Of special interest was the 
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Violation of the Parity Symmetry 

Physics aims at the understanding of the evolution in time and space of objects and their internal 
structure . In spite of the variety of their compositions and movements these objects obey well 
determined laws. In classical mechanics their properties are believed to be unchanged upon transla­
tion and rotation. They are also believed to remain unchanged by a spatial inversion and, taking 
also rotational invariance into account, by a reflection with respect to a plane. That property 
accounts for everyone's experience that the image of the world seen in a plane mirror represents 
another world but with the same characteristics. For that reason this symmetry is often called mir­
ror-symmetry. 

When nature displays some discrete symmetry, quantum mechanics implies in general that ele­
mentary systems should have this symmetry associated with certain eigenvalues n which for the 
mirror symmetry can be + 1 or - 1 . These values correspond to the even or odd character of wave 
functions upon reflection with respect to a plane. Formally this means for n = + 1: ljl( - r) = ljl(r) 
and for n = - 1: ljl( - r) = - ljl(r) . The quantum number associated with this reflection is called 
parity and as long as mirror symmetry holds, parity should be conserved. 

The hypothesis that parity conservation may be violated has been introduced in modern physics by 
T.D. Lee and C.N. Yang, analyzing strange meson decay processes (1956). It was confirmed one 
year later by the famous experiment of C. S. Wu and coworkers on the P-decay of 6°Co. Nuclear 
states are known to be eigenstates of parity. In this experiment the nucleus was polarized defining 
an equatorial plane. With respect to this plane the measurement shows the surprising effect, that 
the decay electrons are preferentially emitted on one side of this plane. This effect is explained by 
the presence of a final state with both parities, + 1 and - 1, being mixed while only one of them 
is present in the initial state . It is thus indicated that there is violation of parity conservation ("parity 
violation"). 

The figure illustrates parity violation in the P-decay by comparing the experimental observation with 
the expectation of a mirror image of the process . The length of the arrows surrounding the 
spinning nucleus should indicate the intensity distribution of the emitted beta particles. 

Since this discovery, parity violation has been observed in various processes. At the ILL the beta­
decay of the polarized neutron is studied in this respect as well as processes concerning only nuc­
leons (parity non-conserving spin rotation of neutrons passing through nuclear matter; asymmetry 
of y-ray emission following the capture of polarized neutrons) . For the latter class of experiments 
the parity conservation is believed to originate from the same process, but is more difficult to 
observe, since it is hidden by the presence of a strong parity conserving interaction being many 
orders of magnitude larger. 

p - decaying 
polarized 
nucleus 
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selective feeding of O + excited states in even Sr 
isotopes from odd Rb precursors. Due to selec­
tion rules the existence of two excited Q+ states 
in 94Sr were proved for the first time. The avail­
ability of the high temperature source at OSTIS 
allowed to determine P n values for Sr, Y, Ba and 
La isotopes. The surface ionisation source gave 
also first estimates for 100Rb and 148Cs. First tests 
were made with a new y -delayed neutron 
coinc idence technique to measure complete ~­
strength functions for the Cs precursors. The re­
sulting systematics should show the influence of 
the h11 12 proton orbital compared to the 9912 

proton one in the case of the Rb precursors. 

Determination of nuclear masses 
and half-lifes. 

Two complementary approaches were continued 
at OSTIS to establish the systematics of mass 
excesses and neutron binding energies. Very 
neutron-rich low-yield isotopes in the mass chain 
A = 99 and A = 100 were studied by ~- y coin­
cidence techniques applying a new efficient scin­
tillator telescope. A rough estimate for the mass 
excess of 100Rb was obtained for the first time. 
For the more abundant daughter nuclei closer to 
the valley of stability a hyper-pure Ge-detector 
was used to determine f5 end point energies with 
higher accuracy. 

y-multispectra and both f5- and delayed neutron 
multiscaling techniques were used to measure 
half-lifes of nuclei obtained from the high tem­
perature ion sources at OSTIS. The nuclei 101Sr, 
149Ba, 152 Pr and 154 Nd are the most neutron rich 
isotopes of these elements observed till now. 

Parity violation in weak nucleon-nucleon 
interaction. 

The S 3 B (formerly S-43) monochromatic 7 A 
neutron beam was dedicated for one week to the 
continuation of the parity non-conserving (PNC) 
neutron spin rotation studies. PNC neutron spin 
rotation proceeds through the contribution of the 
weak interaction to the neutron index of refrac­
tion . Targets of 139 La, 7. 5 and 15 mm in length 
were studied . The PNC neutron · spin rotation per 
unit length, <pPNc/ 1, was measured to be : <pPNc/ 1 
( 139La) = - 22±2 x 10 - 5 rad/cm. The minus 
sign corresponds to a left-handed rotation of a 
neutron spin about its momentum, and the mag­
nitude of the rotation is in good agreement with 
models that consider p-wave resonance enhance­
ment of PNC effects . 

The forward-backward asymmetry Ar of the y-ray 
angular distribution in the radiative capture of po­
larized neutrons by protrons is currently studied at 
PN 7. The parity violating contribution of the weak 
neutral current between nucleons is poorly under­
stood, whereas the structure of the parity conserv­
ing forces is well known . The expected sensitivity 
of the present PN 7 experiment of 2 x 1 o - a is in the 
region of most reliable theoretical predictions ran~-
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ing from Ay = 10 - 7 to 10 - a. The ability to achieve 
such a precision is unique to the polarized PN 7 
beam due to its flux of 4 x 1 Olm cm - 2sec - 1

. The 
capture rate in the liquid para-hydrogen target is 
70% of the neutron beam intensity. The target is 
viewed by two 400 I liquid scintillator y-detectors. 
The cal ibration of the apparatus has started using a 
strong y-source. 

Properties of the neutron 

The experiment at PN 5 to search for a neutron 
electric dipole moment (EDM) is based on the ob­
servation of the magnetic resonance of bottled 
UCN in a static magnetic field. One looks for a 
possible shift in the resonance frequency when 
an electric field is applied (reserved) . The experi­
ment has now entered into its first major data ac­
cumulation stage and has reached a sensitivity of 
4 x 10 - 24 per day, limited primarily by the low 
UCN density . Current experimental parameters 
are : UCN polarisation 85%; UCN storage time 60-
80 s; reversible electric field 11-12 kV / cm; re­
versible magnetic field 3-1 0mG; UCN counting rate 
-3 x 104 / day. Efforts are under way to increase 
the electric field strength, the UCN storage time 
and to put into operation a higher density U.C.N. 
source (superthermal UCN source at H 17) . 

The most recent view on the PN5 platform, the experimental 
area for ultra cold neutrons. Left of the beam switch box /in 
the middle) one can see the " neutron microscope " /Garching 
I ILL collaboration); on the right is the EDM experiment /Sus­
sex I RAL I ILL collaboration). 

The magnetic hexapole sphere of W. Paul and 
coworkers (Bonn) stores UCN produced by down 
-scattering in superfluid 4 He and aims at a direct 
determination of the neutron life-time. The 
cryostat was tested on the H 17 neutron beam 
and special UCN detectors working at 1 °K were 
developped . The cryostat is presently being mod­
ified in order to reach lower temperatures . 

A neutron optica l system similar to a conven­
tional microscope has been designed and con­
structed by A. Steyerl and coworkers (TU 
Munchen) and brought to the ILL for measure­
ments. The adjustment appeared to be difficult 
due to the low counting rate on the present ultra 
cold neutron source PN 5. The work is still in 
progress . 



PERKED, the extremely efficient set-up at PN7 for measuring the neutron life-time (Heidelberg - ILL collaboration/. 

At PN 7 the superconducting neutron decay 
spectrometer PERKEO has been insta lled by the 
Heidelberg-Argonne-lLL collaboration. The spec­
trometer contains the decay electrons from a po­
larized neutron beam in a superconducting coil. 
Together with improved measurements of existing 
neutron decay parameters, the highly efficient 
spectrometer is able to look into hitherto not ac­
cessible fundamental problems such as "weak 
magnetism". This term can be measured via the 
energy dependance of the asymmetry of the de­
cay electrons from polarized neutrons. 

The neutron-antineutron (n - n )oscillation ex­
periment has reached a limit of of 106 sec for the 
oscillation period . This progress was primarily due 
to a background reduction by localising the tracks 
of each event. The n - n oscillation violates 
baryon number (B) conservation by 1:,. B = 2. 
This violation is predicted in generalized grand un­
ified theories treating leptons and baryons at the 
same level. A major improvement of the experi­
mental performance is to be expected from a new 
generation experiment at the second cold source. 

Special experiments 

At the beam position H21 A the experiment for a 
precise determination of the fundamental con­
stant ratio h/ m" was continued . The wavelength 
and the velocity of neutrons are measured simu l­
taneously determining h / m"by the de Broglie law. 
The velocity is measured by a special t ime-of­
flight method in which the direction of the spin of 

• 
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polarized neutrons is modulated with a frequency 
of 750 kHz . The wavelength of the neutrons is 
determined by back-reflection from a perfect Si 
single crystal. At present an accuracy of 1 o - s is 
achieved for h/ m". An improvement by about one 
order of magnitude is expected by increasing the 
neutron flight path from 0.5 to 10 m. 

At the H 22 D neutron guide systematic studies 
of (n,h,p) and (n ,ih,a) reactions were continued. 
An accurate value of 115 ± 10 mb was de­
termined for the 33S (n ,h,a)30Si reaction cross-sec­
tion , a value which is of importance for as­
trophysical calculations. New results on (n,a) 
cross-sections were also obtained for 39 K, 43Ca , 
101 Ru , 115S n and Cdna,· In the reaction 65Zn (n ,a) 
62 Ni, transitions to the ground-state and first ex­
cited state in 62 Ni could be identified with reaction 
cross-sections of 1 b and 0 .8 respectively (preli­
minary values). 

The analysis by neutron activation of the 
Hercynien intrusive rocks in the external French 
Alps was continued . Determination of the rare 
earth element concentrations displayed a bimodal 
magmatism in certa in of the crystalline massifs. 
Work was also carried out on samples originating 
from ocean floor basalts from the Galapagos 
spreading centre ( Pacific Ocean). Analysis has 
yielded the progressive differentiation from a tho­
leiite primary magma, and has shown that altera­
tion (olivine to smectite) of the basalts, by inter­
action of seawater, has not appreciably changed 
the rare earth chemistry . 



The experimental facilities for the high precision measurements of b_ (PTB - Braunschweig). 
mn 
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Fig. 7: Search for heavy neutrinos in the p + decay of 64Cu 
(Op = 653 KeV), performed at the BILL spectrometer. The 
figure shows the difference of the Curieplot K of the meas­
ured spectrum and the Curieplot K0 expected for an allowed 
P + decay ( = straight line). The region from 200 Ke V to 300 
KeV is displayed containing about 2 x 1()8 events with a re­
solution of 150 eV. The dashed line shows the expectation for 
a superposed 2 % branch with a 400 KeV neutrino mass. 
There is obviously no sign of such a branch in the displayed 
region (limit < 0.2 %). 

At the beta spectrometer BILL the B+ spectral 
shape of the 64Cu decay (Op + = 653 keV) was 
investigated for possible neutrino admixtures in­
volving neutrinos in the mass range 50 keV to 
500 keV. At energies Ep + = Op + - mvc2 distinc­
tive deviations from an allowed beta-spectral 

shape are expected. To search for those devia­
tions the spectrum was scanned with high sta­
tistics (total of 3 x 108 events) and a high resolu­
tion of about 200 eV. Limits of < 1 % were ob­
tained for this exotic decay branch relative to the 
main B + decay. (see Fig . 7). 

Theory 

The theoreticians Schuck, Hasse and Bartel 
worked in collaboration with nuclear experimenta­
lists on problems in fission. The problem of cold 
fission was tackled by computing semiclassical 
potential energy profiles with shell effects and 
running quantum mechanical wave packets from 
saddle to scission. It was found that a fraction of 
the probability tunnels throught the ridge resulting 
in compact and cold fission fragments. Kinetic 
energy distributions are then compared with ex­
perimental data. Odd-even effects in the fission 
product mass distribution are explained on the 
basis of a semiclassical pairing theory for largely 
deformed nuclei. 

Seminars 

In 1982, 28 seminars dealing with nuclear struc­
ture, fission, heavy ion, atomic and fundamental 
physics problems and with new experimental de­
velopments were held. 

Secretary: 
K. SCHRECKENBACH. 
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General summary 

The scientific activity of College 4 is mainly re­
lated to studies of lattice dynamics, magnetic and 
structural phase transitions and magnetic excita­
tions. The majority of the experimental work is 
performed on the five triple axis spectrometers 
(TAS) , i.e. IN 1, IN 2, IN 3, IN 8 and IN 12, with 
a few experiments being carried out on the time 
of flight (TOF) and diffraction instruments. Al­
though , in the future, the percentage of TOF ex­
periments should increase due to the inclusion of 
the excitations section of College 7 in College 4. 

Prospects for the future of the T AS instruments 
are very promising. The return to operational 
status of IN 1 will allow the continuation of 
studies of excitations at high energy transfers, 
and the possible construction of a new cold 
source spectrometer (IN 14) would further 
strengthen studies of low energy excitations . Ex­
periments which require some form of polarisation 
analysis are becoming very common. The con­
struction of IN 20 will fulfill much of this demand . 
"Kits" already exist which permit polarisation an­
alysis, at least a polarisation analysis of the scatt­
ered beam, to be carried out on IN 3 and IN 12. 

Scientific trends and highlights 
in 1982 

Phonons 

The number of studies of lattice dynamics has 
declined slightly with respect to investigations of 
magnetic phenomena. There has also been a 
trend towards the study of phonons in com­
pounds where the unusual dispersion curves are 
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related to, or even the source of interesting 
physical phenomena. 

It is often very informative to compare the 
phonon dispersion curves of a moderate or high 
Tc superconducting material with a low Tc, or 
even non-superconducting material of the same 
structure. Recently , crystals have been grown of 
some A 15 compounds and the phonon disper­
sion curves have been measured, e.g. V3Si(Tc = 
17 K) , Cr3 Si(Tc < 0.015 K), although these 
measurements were limited by the small sample 
size. For the first time, it has been possible to 
grow large single crystals of Mo3Si(Tc = 1.3 K) . 
The acoustic and a large number of the optic 
phonon branches have been measured in this ma­
terial, using the IN 8 TAS 111 . An initial interpreta­
tion of the experimental results is that the in­
fluence of electron-phonon coupling on the dis­
persion curves is rather strong. 

Similar experiments are being attempted on some 
C 15 compounds in an attempt to relate the mag­
netic properties of ZrZn2 and the superconduc­
tiong properties of ZrV2 to the phonons of these 
substances. 121 

Structural phase transitions 

The phase diagrams of modulated systems, as a 
function of temperature, pressure and ordering 
fields, continue to be extensively studied. When 
an applied field couples to a commensurate order­
parameter the stability range of the corresponding 
commensurate structure is enlarged at the ex­
pense of the adjacent incommensurate phase. 
This type of situation is realised when modulated 
"ferroelectric " materials, such as thiourea 
(Sc(ND2 )2 ) or sodium nitrite (NaNO2) , are sub­
jected to a uniform electric field parallel to th e 



polar axis. In Sc(ND2)2 the appearance of a field­
induced lock-in phase with wavevector b* / 8 was 
predicted131 and has been experimentally con­
firmed. 

Local contact duties for outside users are taken very seriously 
by the ILL 's scientific staff. In the p icture W. Stirling ( on the 
right) is assisting R. Ward (University of Exeter) during a run 
on IN 3. 
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Fig. 8: Experimental phase diagram of Sodium Nitrite under 
an applied electric field (after correcting for Joule heating in 
the sample). 

Figure 8 shows the ( E, T) phase diagram of 
NaNO2141 which has recently been measured using 
the IN 8 T.A. S. The paraelectric-sinusoidal phase 
transition appears to remain continuous under an 
applied field, in contrast to the case of thiourea 
where tricritical behaviour is observed . Above the 

Commensurate - incommensurate phases 

In ordinary crystalline solids the atoms are periodically ordered with the identity period given by the 
unit cell. Such a crystal may be transformed into an incommensurate (or modulated) structure by 
freezing in the instantaneous atomic displacements corresponding to a single phonon mode, the 
wavelength of which is an irrational multiple of the initial lattice period. The resulting atomic confi ­
guration is non periodic in the direction of the modulation wavevector , since atoms located in diffe­
rent wavefronts are displaced by different amounts from their original (periodic) positions. As a 
consequence of the incommensurability between the modulation wavelength and the original per­
iodicity the phase of such a static displacive modulation with respect to the periodic positions is 
arbitrary in the sense that none of the physical properties of the system are affected by a change of 
the overall phase. 

Several classes of 1- or 2-dimensional conductors are known to exhibit (Peierls) instabilities with 
respect to an electronic charge-density modulation of wavedetector 2 kf, where kf is the conduc­
tion electrons' Fermi momentum. In such a case the charge density wave couples to a lattice dis­
torsion of the same periodicity and gives rise to a modulated structure . Sliding the phase of the 
modulation does not cost energy but would transport charge. This mechanism has been proposed 
to allow for high conductivity at high temperature, yet not found in real crystals so far . Other 
examples of displacive modulations are encountered in insulators, as a result of competing interac­
tions of different ranges. 

The modulated quantity may also be a site occupation probability as in binary alloys, an orienta­
t ional probability as in molecular crystals, the orientation or magnitude of magnetic moments as in 
helimagnets and spin-density wave systems. 

From a diffraction standpoint modulated structures are characterised by additional Bragg reflec­
t ions, the satellite reflections, corresponding to momentum transfers of the form IT + mq O (m = 
1,2,3 ... ) where IT is a reciprocal vector of the parent lattice and q O is the wavevector of the 
modulation . 

As far as inelastic scattering is concerned, new excitation branches are expected to appear, corres­
ponding to fluctuations in the amplitude and phase of the static modulation. Of particular interest is 
the experimental observation of the phase-mode dispersion (phason branch) , first identified by 
means of neutron scattering (et. experiments 04 -02-117 and 04-02-151) . 
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triple-point, evidence for a direct paraelectric-fer­
roelectric transition line was obtained , although 
the position of the critical end-point could not be 
determined in the experiment . 

Magnetic phase transitions 

The dynamics of the critical fluctuations in iron 
have been reinvestigated using high resolution 
time of flight (TOF) and neutron spin echo (NSE) 
techniques. 151 . The results, at the Curie tempera­
ture Tc, confirm the validity of the power law re­
lating the quasielastic linewidth of the critical 
scattering, rq, to the momentum transfer, i.e. rq 

aq2 , with Z = 2 .5. This is valid for at least four 
orders of magnitude in energy, as demonstrated 
by figure 9, and is in agreement with the predic­
tions of dynamical scaling theories. However, 
above Tc, no hydrodynamic behaviour, rq aq2, 

could be found, which indicates a breakdown of 
dynamical scaling, possibly due to the influence 
of thermodynamic random forces. Both of these 
findings are quite surprising, and contradict re­
cent speculations. 
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Fig . 9: Momentum dependence of tne quasielasric linewidth of 
the critical scattering in iron at the Curie temperature. The 
crosses represent previous measurements using a triple-axis 
spectrometer. 

Magnetic excitations 

The study of magnetic excitations covers a wide 
range of materials and regions of interest. Studies 
of spin waves in 3d transition metals and com­
pounds continue to shed light on the importance 
of itineracy and single particle modes on the mag­
netic excitations . Studies of certain iron alloys 
( CrFe, Au Fe) have been begun with the aim of 
understanding the strong damping of the mag­
netic excitations at low temperatures. Quasi -one 
dimensional systems continue to be of wide­
spread interest. 

The nature of the magnetic excitations in longi­
tudinally modulated magnetic systems has been a 
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subject of theoretical interest for many years. Re­
cently, using the T.A .S. IN 3 and IN 12, the first 
definitive observations of magnetic excitations in 
metallic neodymium have been made. 161 Neody­
mium exhibits a complex variety of modulated 
phases below Tn = 19 .9 K . Figure 10 shows an 
example of how the well -defined excitations at 
1 .2 K broaden and soften with increasing tem­
perature . Substantial energy broadening is also 
found for wavevectors approaching the magnetic 
satellite positions . The temperature and wave­
vector dependance of the excitations in neody­
mium provides a sensitive test for the available 
theories . 
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Fig. 10: Temperature dependence of the inelastic scattering at 
(0.4, 0, 3/ in Neodymium. 

The study of soliton modes in magnetic systems 
continues to be of experimental and theoretical 
interest . In magnetic chains, solitons may be re­
garded as travelling domain walls. An exhaustive 
study of the soliton regime has been performed 
on the 1 d antiferromagnetic TMMC, [( CD3 ) 4 

NMnCl 3 ] 171 . In antiferromagnetic chains, the 
dynamics can be studied by measuring the energy 
width of the staggered mode, which gives a 
measure of the rate of flipping of the magnetic 
sublattices resulting from the passage of the so­
liton . Experiments have shown that in very pure 
crystals the solitons travel freely along the chains, 
however with the addition of a small amount of 
magnetic impurities, the solitons behave dif­
fusively , with a drastic slowing down of the 
fluctuations. Future work will be concerned with 
attempts to understand the phase coupling bet­
ween solitons and magnons in more deta il. In 
1982, J .P. Brochet, M . Nechtstein and J. Ros­
sat-Mignod received the " Prix Ancel " for con­
densed matter physics, for their contributions to 
the understanding of these problems. 

The use of small angle scattering techniques on 
triple-ax is spectrometers increased considerably in 
1982 . This technique has allowed measurement 
of the long wavelength magnetic excitations in 
amorphous systems, and tor weak itinerant ferro­
magnetic systems in both polycrystalline and 
single crysta l samples. For example, the first 



measurement ot the magnetic excitations in the 
weak itinerant ferromagnet, Ni3AI has been per­
formed . 

This system is particularly difficult to study by 
conventional neutron scattering methods since 
the low temperature magnetic moment is only 
0 .05 µp/ Ni atom and the spin-wave stiffness is 
- 20 THz A2. Figure 11 presents an example of 
the data measured in this experiment. Although 
important corrections must be made to account 
for the influence of instrumental resolution, the 
spin wave scattering is clearly resolved in the raw 
data. 
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Fig. 11 : Constant-0 scans for Ni;rAI, Tc = 42 K, IOI 
0.025 A- 1. Counting time 10 min /point. 

An increase in the number of TOF experiments 
performed through College 4 is to be expected in 
the future, due to the merging of part of College 
7 with College 4. In an attempt to give the flav­
our of the new work which will be part of our fu­
ture programme, , two experiments are described 
below, which although origionally scheduled by 
College 7, will be continued under the auspices of 
our college. 

The longstanding problem of moment formation of 
magnetic impurities in non-magnetic host is difficult 
to resolve experimentally due to the exceedingly 
small magnetic cross-sections. The high flux of the 
TOF spectrometer JN 6 has made possible a study 
of the dilute alloy Pd 1 % Ni , where the dynamical 
response shows strong wavevector and tempera­
ture dependence181. Isolated Ni atoms in Pd do not 

support a good local moment and appear to be well 
described by localised spin f luctuation theory. 

The measurement of the TOF spectra of iron, us­
ing polarised neutrons and a fast, pseudorandom 
flipping technique on D 7, has permitted the first 
observation of the influence of the three spin 
correlation function 191 . This technique gives di­
rectly the difference spectrum between spin up 
and spin down scattering . Below Tc, neutrons 
scattered with annihilation and creation of spin 
waves appear separately in the detectors at 
+ 2 .25° and - 2.25° respectively, as illustrated 
by Figure 12. Above Tc, the two processes ap­
pear together in the same detector, Figure 12, 
with an asymmetry in the intensity of the indi­
vidual processes. This asymmetry disappears if 
the magnetic field direction is normal to the inci­
dent beam, and can be explained in terms of the 
three spin correlation functions. 
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Fig. 12: TOF spectra of iron in a field of H = 2600 Oe, > ( H, 
K0 1 = 68 °, channel width 5 µs (energy resolution 100 µeVI. 
(a l T = Tc - 7 (bi T = Tc+ 10. 
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F. Bley (CNRS Paris) 
J.X. Boucherle (CEN -G) 
J . Bouillot 
P.J. Brown 
S. Burke 
P. Cenedese (Paris) 
0 . Chaix (Dijon) 
A . Cole (Oxford ) 
P. Convert 
B.E.F . Fender 
A. Filhol 
A. Fi tch (Oxford ) 
A. Freund 
P. Fruchart (CNRS -Grenoble) 
B. Gillon ( Paris ) 
D. Givord (CNRS-Grenoble) 
D. Gregson (Bristol) 
M . Mann (CNRS-Grenoble) 
A. Hew at 
S. Johnson (Sheffield ) 
U. Kisc hko 
W . Kuhs 
C. Lart igue (Par is) 
Y. Lassa illy (Paris) 
M .S . Lehmann 
N. Lehner 

Table 4 

Experiments accepted for execution in 1982. 

Instrument 

Number of Experiments 

No. of days 

General summary 

D1 A 

49 

163 

D1 B D2 

16 11 

58 46 

In the past, the scientific interests of College 5 
have been concentrated in one way or another on 
crystal and magnetic structures. As a result of the 
decision to discontinue College 7 , this scientific 
base has been broadened during 1982 to include 
any problems dealing with the " static" properties 
of magnet ic systems (e .g . small angle scattering , 
diffuse scattering in addition to crystallographic 
studies). As a result, proposals concerned with 
magnetism are now considered by two subcom­
mittees: College 4 (dynamics) and College 5 (stat­
ics) , rather than four subcommittes as in the past. 
Apart from allowing a more coherent assessment 
of research proposals this change has brought to-

E. Lindley (Southampton) 
P. Mangin 
S. Mason 
G. Mc lntyre 
R. Muller 
A . Murani 
J. Pannetier 
D. Paul 
R. Pynn 
G. Roult (CEN-Gl 
M. Roth 
B. Sarkissian 
R. Stansf ield 
0. Schaerpf 
J . Schweizer (C EN-G) 
M. Schlenker (CNRS Grenoble) 
J .L. Soubeyroux 
F. Tassel 
P. Timmins 
P. Thorel (CEN-G) 
T ranqui-Duc (CNRS Grenoble) 
W. Trost (Stuttgart) 
J . Vica t (CNR S-Grenoble ) 
C. Vettier 
S. W ilson 
P. W olters (CNRS-Grenoble) 
A. Wright 
T . Wroblenski 
C. Zeyen 
K. Ziebeck 

II . Visitors 
Christiansen (Aarh us) 

D3 D5 DB 

17 11 18 

218 120 156 

D9 

20 

177 

D10 D15 

8 11 
----

69 109 

D16 Tota l 
--- --

2 163 

14 1130 

gether ILL scientists whose interests lie in mag­
netism and should improve both the in-house 
scientific life and the scientific services we 
provide to visitors. 

The experimental activity of College 5 in 1982 
was somewhat increased compared to 1981 , des­
pite the unscheduled reactor shutdown earlier this 
year. The number of research proposals sub­
mitted to the College has remained essentially un­
changed . Competition for beam time was severe, 
as usual. 

Finally, we would like to express our gratitude to 
R. Lemaire, who retires as cha irman of College 
5(a) after a period of three years. 
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Scientific meetings 
Two important scientific meetings, dealing with techniques of direct importance to College 5, were held at 
ILL this year: the "Workshop on position-sensitive detection of thermal neutrons" organized by J.B. Forsyth 
and P. Convert (11-12 Oct. 1982) and the "International Conference on the impact of polarized neutrons on 
Solid State Physics and Chemistry" organized by P.J. Brown (ILL), R. Lemaire (CNRS Grenoble) and J. Schwei­
zer (CEN-G / ILL) (15-19 Oct. 1982). 

Workshop on Position-Sensitive 
Detection of Thermal Neutrons 

This workshop brought together some 120 scien­
tists who have developed, used or intend to use 
position-sensitive detectors ( PS D's) in neutron 
diffraction. Three main topics were covered by re­
view talks: diffraction from liquids and powders 
(C. Rieke!, Hamburg), small angle scattering (R. 
May, ILL) and diffraction from single crystals 
(B.P. Schoenborn, BNU. Hardware aspects were 
reviewed by A. Axmann (Berlin) and the applica­
tion of PSD 's to nuclear physics and medicine 
were described by G. Charpak (CERN) and F. 
Soussaline (Orsay). In addition to these reviews, 
poster sessions and a round table discussion 
chaired by R. Allemand (LET!) and G. Lander 
(ANU allowed the participating scientists from 8 
countries some opportunity for exchange of ideas 
and discussion. 

B. Schonborn during his lecture in the Chadwick Am­
phitheatre. 

A. Axmann inspecting an ILL multi-detector in the exhibition 
hall. 

Interesting discussions rook place during the poster sessions. 
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A souvenir picture from the In ternational Conference on " The Impact of Polarized Neutrons on Solid State Physics and Chemistry". 

International Conference on the impact of 
polarized neutrons on Solid State Physics 
and Chemistry 

The purpose of this conference was to review the 
impact wh ich experi mental results obtained using 
polarized neutron techniques have had on the 
theoretical understanding of problems in solid 
state physics and chemistry . 

Over 100 scientists from 12 countries attented 
this five day conference. The conference proceed­
ings, which include 14 invited review papers and 
some 40 cont ributed papers , will be publ ished in 
J . Physique in 1983 . 

More than 100 participants listened to the lectures. 
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Two colloquia dealing with the problem of 
charge, spin and momentum densities in solids 
were held at ILL. The second of these two day 
meetings was organized by P. Becker to mark the 
retirement of Prof. E.F. Bertaut (CNRS, 
Grenoble) . Prof. Bertaut, amongst many of his 
scientific activities, was the founder chairman of 
the College 5 subcommitte. 

This scientific activity at ILL was also reflected by 
the large attendance of members of College 5 at 
International Conferences in Japan and the "50th 
Anniversary of the discovery of the neutron" 
meeting in Cambridge. 

Scientific trends and highlights 

Magnetic Phases 

Once again it is impossible to find a uniting theme 
to summarize the range of magnetic structures 
and magnetic phase transitions studied during 
1982. Several of these investigations were note­
worthy in that they stretched the limits of tem­
peratures, pressures and magnetic fields available 
at ILL. The magnetic phase diagram of the meta­
magnet FeCl2-2H20 was determined with great 
accuracy in applied fields up to 6 T in order to 
define precisely the position of the triple-point 
( Ferrimagnet-Antiferromagnet-Paramagnet) and 
multicritical points (first order - second order 
Ferrimagnet-Paramagnet, first order - second 
order Ferrimagnet-Antiferromagnet). It was found 
that only one of the multicritical points exists and 

lies sufficiently close to the triple point that both 
points may coincide. If so, this would represent a 
completely novel multicritical behaviour. The 
magnetic structure of single crystal TmS was de­
termined at T = 3 K using the four circle diffrac­
tometer mode of D 10. The structure is similar to 
CeAl2, being an incommensurate antiferromagnet 
with a modulation vector of the type ( 1 / 2 + 8, 
1 / 2 - 8, 1 / 2) and consists of 12 magnetic do­
mains. It was a considerable technical achieve­
ment to reach such a low temperature whilst re­
taining full 4-circle geometry. The usefulness of a 
hot neutron beam for magnetic studies of ma­
terials containing Gd (or Sm) was demonstrated 
by a determination of the magnetic structure of 
single crysta l Y Gd alloys using D 9. Here the 
magnetic phases (ferromagnet and helix) in the 
vicinity of the Lifshitz point could be investigated 
using natural Gd by working at short wavelength 
()c = 0.4 A) to minimize the absorption problem. 
In the , case of absorbing EuA5:i a successful 
structural study was made possible by a careful 
choice of sample geometry and the large mag­
netic moment of Eu. Finally, the value of neutron 
polarization-analysis in solving difficult problems 
encountered in magnetic structure determination 
was demonstrated by an investigation of the mo­
ment direction and possible multi-q nature of the 
compound PrAg. 

Magnetization Density 

The particular value of neutron diffraction in provid­
ing a highly accurate measure of the magnetization 
density in solids has been emphasized many times. 

Magnetization density 

The neutron is scattered in a magnetic material because of the interaction between its magnetic 
moment and magnetic fields in the material. In just the same way as for X-ray scattering one can 
define a structure factor. Thus the magnetic structure factor M(k) is given by 

~(k) = _icell ~(~)eik • l. dr 

where M(r) is the intensity of magnetization, or magnetization density in the material and is the 
analogue of the charge density in the X-ray case. The princ'ipal difference between the X-ray and 
magnetic structure factors is that M(k) being the Fourier transform of a vector, is itself a vector. 
The intensity of magnetically scattered neutrons is not directly related to the magnetic structure 
factor, but to its projection on the plane perpendicular to the scattering vector. Thus the cross-sec­
tion for magnetic elastic scattering of unpolarized neutrons is given by 

where 

(~~) magn el. = IM 1. (k) l2 

M .J.. (k) = ~ X ~(~) X ~ 

The magnetization density in a material is due both to the intrinsic magnetic moment of 
electrons (the electon spin) and to the magnetic moment generated by moving electrons (orbital 
magnetization) . In most materials, paired electrons generate equal and opposite magnetic moments 
so that the net magnetization density is everywhere zero , but in magnetic or magnetized matter 
some electrons are unpaired . In such cases the magnetization density due to electron spin reflects 
the spatial distribution of the unpaired electrons, but that due to their orbital motion is less simply 
interpreted. 
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As in previous years, studies of magnetization 
density have tended to follow two main themes: the 
determination of ground state wavefunctions and 
conduction electron contributions to the magne­
tization in systems such as HoAl2 , TmSe, CeNi, 
Celn 3 , NpAs2 and SmZn, and the study of 
covalency in insulating materials such as Rb2CrCl4 , 

CrCl3 and F~(bpy)Cl3 . A determination of the mag­
netic structure and spin density of antiferromag­
netic CuO was performed . The other 3d transition 
metal oxides have been investigated extensively in 
the past and only the recent availability of a single 
crystal of CuO made this study possible. In com­
mon with other transition metal monoxides copper 
is octahedrally coordinated by oxygen, the octa­
hedra being linked by sharing corners. In CuO, 
however, two of the six copper oxygen distances 
are 90 % greater than the rest so the coordination 
approaches square planar. In the antiferromagnetic 
structure each oxygen has three close copper 
neighbours of one spin direction, and one close 
and two remote copper neighbours of the other 
spin direction. The projection of the spin density 
shown in the figure gives evidence for some spin 
transfer to the oxygen ions the sign of which 
corresponds to that of its three close copper 
neighbours (see Fig. 13). 

fourier oroiection 
X para I lei to 0 0 1 
Y parallel to 1 0 0 

coefficients are 

1A 

down 0 1 0 
from 0.12 5 
from 0 .25 

contours 
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- 40 
- 8 0 
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fobs multiplied by 100 
and averaged over a cube of edge 0.5 

Fig. 13: Projection of the spin density in CuO down {010/. 
Black circles mark the positions of the oxygen atoms and 
triangles those of copper. The short bond directions are 
masked. 

Analysis of data collected on the ionic actinide 
compound UCI4 is in progress and the results 
should indicate the extent to which the Uranium 
5 f electrons are involved in bonding. One of the 
rare structural studies of polycrystalline material 
using polarized neutrons was carried out this year 
using the D 1 B multidetector together with a su­
permirror bender polarizer. In this case the sample 
(Y 9Co7 ) which is a magnetic superconductor can­
not be prepared in single crystal form. The in­
duced paramagnetic structure factors for a few 
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reflections were measured to determine the mag­
netic moments on the three Cobalt sites . 

Paramagnetic scattering 

The unique ability to separate magnetic scattering 
from other scattering contributions provided by 
neutron polarization-analysis continues to be used 
with considerable success to investigate the fluc­
tuating magnetization in paramagnetic materials. 
This technique has been used to study the para­
magnetic scattering from the 3d metals Cr, Ni 
and Fe, whose magnetic properties are still not 
fully understood. For these materials there is no 
general agreement as which fluctuations ('ampli­
tude' of the moment or 'angle' of the moment) 
are responsible for the transition between the 
magnetically ordered and paramagnetic states, or 
indeed on the nature of the paramagnetic state 
itself. 

Polarized neutrons and polarization analysis have 
been used to investigate the paramagnetic scat­
tering from a single crystal of Cr. The observed 
paramagnetic scattering, which was strongly 
peaked about ( 100) decreased rapidly in intensity 
as the temperature was increased from 1 .18 T N to 
2 .23 T N and the characteristic wavelength for 
short range magnetic order decreased from 56 A 
to 26 A. Integration of the paramagnetic scatter­
ing indicated a temperature independent average 
Cr 'moment' of 0.1 ± 0.05 µ 8 . This is at variance 
with currently accepted models for the antiferro­
magnetism of Cr which assume the Cr 'moment' 
to collapse to zero at the ordering temperature. 

Similar investigations have been carried out on Ni 
and yFe. Results obtained for polycrystalline Ni 
reveal short range magnetic order at 1 .15 Tc and 
suggest that the correlation length in Ni is larger 
than that in Fe at the same temperature relative 
to Tc- Further experiments using single crystal 
isotopically enriched Ni are planned. The para­
magnetic scattering from fee Fe at 1320 K is no­
teworthy in that the scattering is enhanced in the 
forward direction rather than at a finite Q value as 
may have been expected. (It has been generally 
accepted that yFe would be antiferromagnetic if 
the fee structure could be retained at low tem­
perature). 

Structural transitions 

Structural phase transitions, as in the past, hold a 
major place in the experimental activities of Coll­
ege 5. Data treatment using new techniqL.es al­
low us to go further into this domain. As an ex­
ample, a recently developed series expansion 
technique, the so-called quasi-momentum expan­
sion of the harmonic probability density function, 
may give important information on the precursor 
effects taking place before the transitions. Such a 
study was successfully applied to the crystal 
structure of K2SO4 above and below its phase 
transition at 853 K on D 9. This experiment, 
which used a new, versatile 4-circle furnace (see 



';-

instrument report D 9) has shown a 'precursor' 
behaviour of the set of oxygen atoms 70°C below 
the phase transition . The anharmonic third-order 
modification terms (Fig . 14) strongly suggest the 
splitting of this position in the high temperature 
phase. 

Fig. 14: Third order modification map of oxygen 1 in the low 
temperature phase of K2 SO4 at 780 K (plane of the trifold 
splitting in the high temperature phase). 

Incommensurate phases 

These structures continue to represent an impor­
tant volume of work within the College. The 
polymer concentration ( P) dependence of the 
phase diagram and thermal expansion of PTS 
(R - C = C - C = C - R' where R = R' = 
CH 3 - C6 H4 - SO3 - CH2 ) was measured on 
D 8 (Expt. No 5-13-133) and D 10 (expt. No 5-
16-119). Neutrons have to be used because X­
rays affect P. PTS has an incommensurable 
phase in the temperature range 158 - 200 K. 
For small P, the low temperature and the incom­
mensurable phases coexist over a temperature 
range of 1 .5 K and a 1 K hysteresis was meas-
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Fig. 15: Main expansion values in the ac plane of PTS: 
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ured. With an increase of P critical scattering was 
observed over an increasing temperature range . 
The thermal expansion measured on D 1 B ( Expt. 
No 5-21-159) shows a reorientation of the main 
expansion directions with P (Fig . 15). In the same 
domain the average structure of the modulated 
phase in Rb2ZnCI4 was determined on D 9 (Expt. 
No 5-15-208) and the commensurate-incom­
mensurate structural transition of Th8r4 was 
studied on D 9 and D 10 ( Expt. No 5-15-209). 

Intercalates, Ionic conductors 

Materials which can accept and release ions or 
small molecules are of prime interest for funda­
mental reasons and for obvious practical applica­
tions. A great number of experiments with such 
materials are performed by means of neutron 
scattering . In this field the intercalate compounds 
of graphite are of great interest, particulary as 
anisotropic synthetic metals. Recent improve­
ments in the synthesis led to the preparation of 
intercalated samples based on natural graphite 
single crystals either with hydrogen or deuterium. 
Such a crystal of a deuterated potassium inter­
calated graphite has been measured on D 8 (Expt. 
No 5-13-123) and, although the crystal mosaicity 
was strongly anisotropic, the collected intensities 
are accurate enough to determine the three-di­
mensional structure. 

Ionic conductors still remain an important field of 
research. As an example, the structure of cation 
exchanged ND4UO2 PO4 . 3D2O (where N replaces 
one of the oxygen atoms in the water squares of 
HUO2PO4.4D2O) was determined using D 1 A 
( Expt. No 5-21 -156) and permits a better under­
standing of the different conductivity of these 
two compounds. 

Organic-Metallic compounds, 
organic conductors 

Studies of charge density in organo-metallic com­
plexes were continued in several experiments on 
D 8. For instance, the Displex cryostat permitted 
low temperature intensity measurements of an 
interesting "triple-decker" sandwich compound 
(C

5
H

5
) V (C

6
H

6
) V (C

5
H

5
) and of bis(n-allyl) nickel 

(Fig. 16). Both of these have low melting points 
( - 0°C) and crystals of the latter tend to ignite in 
air, necessitating a difficult mounting procedure . 
For these reasons, the structure of this crystal has 
remained unknown for 20 years . All previous ab 
initio theoretical calculations, including the assign­
ment of bands in the photo-electron spectrum 
have been based on the assumption of planar 
C3H3 groups. The study at - 170° C, however, 
revealed that the hydrogen atoms lie as much as 
34° out of the plane of the allyl carbon atoms 
( Expt. No 5-14-138) . The quasi one dimensional 
organic conductor TMA .TCNOI undergoes a 
transition at - 150 K which was found to be of 
the metal-insulating type associated with a 
Peierls-like lattice distortion . ( Expts. No 5-12-172 
on D 12 and No . 5-15-173 and 205 on D 8). This 
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transition and the other two observed at 96 K and 
65 K are due to transverse coupl ing between 
charge density waves and between TCNQ and 
iodine columns . The neutron diffraction contribu­
tion in this f ield is of importance because, iodine 
being a poor neutron scatterer, the organic sub­
lattice scattering is predominant. 

A 

B 

H 

\ __________ Ni 

H 1'-. ~ _.-? 
'i:-'c~ 
\ \ 
H H 

Fig . 16: Structure of IC5HsJ V /Ce;HEY V (C5H5' IA ) 
and /1r-C/f 5';iNi /BJ 

The structure of M EM(TCNO)2 below the spin­
Peierls transition and the phase diagram under 
pressure was also investigated. Here, below the 
spin Peierls transition, there is a coupling between 
dimers of TCNQ each having a spin 1 to form a 
" quadramer-ized" phase in wh ich the net spin of 
pairs of dimers is zero. One of the outstanding 
problems in this field of low dimensional organic 
conductors is whether a fully ordered magnetic 
phase can be established and its structure : this 
question remains open . 

Electron-densities 

Neutron diffraction measurements for combina­
tion with X-ray observations to obtain deforma­
tion electron densities is still a main activity in the 
College , and one of the areas where studies have 
concentrated over the last few year is the analysis 
of the reg ion of short S .. . 0 contacts . The first 
compound studied has an S .. . 0 distance of 

2 .63 A and no deformation density was found 
between S and 0 . This year, a compound (3 -ben­
zoylim ino-4-methyl perhydro-1 ,2,4-oxath iazine) 
with an S ... 0 contact of 2.26 A was inves­
t igated . A small negative region was observed 
near S, and, more interestingly, the density as­
pects around the sulfur atom are completely diffe­
rent in the two compounds (Fig. 17 )_ ( Contour 
intervals are 0 .1 e/ A and negative contours are 
dotted .) The largest deformation peak is near 
sulfur in a lone-pair region . In the compound with 
an S ... O contact of 2 .63 A this peak is absent. 
Presently work ( Expt. No 5-14-140) is in progress 
in collaboration with members of the theory Col­
lege to explain this phenomenon. 

0 
0 
0 
lO 

0 
0 
0 
lO ,· 
- .5000 

z = 0.0 

Fig. 17: Short S ... 0 dis tances. 

X 5000 

Section through the planar part of the molecule of 3-benzoyli­
mino-4-methyl perhydro-1,2, 4 oxythiazine containing Sand 0 . 
This deformation density map shows the largest deformation 
near the S lone pair region. Contours are 0. 1 e/ A3. 

Materia ls research 

Properties of materials are always an important 
field of research for neutron experiments. For 
example, a kinetic investigation of the reaction 
of the solids Ca3 Al20 6, Ca5Al60 14 , CaAl204 and 
Ca3Al ,00 18 (CaAI40 7 ) with D20 at temperatures 
from room temperature to 90° C was made on 
D 1 B ( Expt. No 5-25-157) . The phases with high 
aluminium content are found in high-alumina 
cement. The rate of reaction of the solids with 
D2O decreased with decreasing temperature and 
increasing aluminium content . At temperatures 
above room temperature, the main hydration pro­
duct was the hexahydrate Ca3Al20 6 . 6 D20 , and , 
at room temperature, the decahydrate CaAl20 4 . 

10 D2O was found . Studies on martensitic trans­
formations in Cu-Nb3Sn multifilamentary super­
conducting wires (prestress) have been done on 
D 1 A (Expt . No 5-22 -183 and 5-22 -191 ). The re­
su lts furnish direct evidence for a strong ly ani­
sotropic stress distribution. The compressive 
stress is not fully uniaxial as widely assumed, but 
it also exh ibits radial components, suggesting a 
three-axial stress tensor . 
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Other interesting experiments were performed in 
College 5, such as the structure determination of 
mixed valency antimony (Ill, V) hexahalide and re­
lated salts ( Expt . No 5-21 -150), the measurement 
of interlayer distances in Bi2 Te3 as a function of 
uniaxial and hydrostatic pressure ( Expt. No 5-15-
203 on D 15) which shows a clear decreasing of 
the inter-sandwich distances. 

Seminars 

As in previous years, a series of seminars dealing 
with topics of general interest to College 5 mem­
bers provided an important part of the scientific 
life of the College. 

Secretaries: 
S. BURKE. 

J. BOU ILLOT. 

The International Workshop on Position Sensitive Detectors from 11 -13 October 1982 was a great success. A souvenir picture was 
taken on this occasion. 
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college 6 
liquids, disorder 
and defects in materials 

Members of the College 
I. Internal members 

Anderson I. 
Bader B. 
Bley F. 
Burke S. 
Cenedese P. 
Chaix-Pluchery 0 . 
Chieux P. 
Cummings S. 
Dianoux A .J .. 
Freilander P. 
Fujara F. 
Heidemann A . 
Jahnel F. 
Janot C. 
Just W . 
Kiese G. 
Langel W . 
Lartigue C. 

General summary 

The operation of College 7 was discontinued in 
June 1982 and consequently three subjects have 
been integrated into College 6 : defects and dis­
order in solids, in-beam experiments and diffusion 
in bulk material. 

A great number of elastic and inelastic experi­
ments have been performed on liquids and 
amorphous sol ids and one on gases. The non-av­
ailabi lity of D 4 has considerably slowed down the 
research on the structure of disordered materials, 
although several experiments in this field were 
carried out on D 2. It should be noted that there 
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Fig . 18: Example of a measured TOF spectrum of the incohe­
rent scattering by liquid sodium and the same spectrum 
corrected for the analyser transmission. 
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Lauter H.J . 
Magerl A . 
Maret M . 
Petry W . 
Poinsignon C. 
Pynn R. 
Roth M. 
Scharpf 0 . 
Suck J .B. 
Stirling W.G. 
Trost W . 
Van der Marel C. 
Wright A .F. 

External members 
Cyrot F. (CRNS Grenoble) 
Desre P. (ENS Electrochimie, 
St .-Martin d'Heres) 
Dupuy J . (Lyon-Vi lleurbanne) 
Jal J . F. ( Lyon-Villeurbanne) 
Volino F. (CRNS) 

is continuing interest in the study of disordered 
materials over a very wide range of momentum 
transfers, including SAS for obtaining a complete 
view of the structure at different scales. 

Considerable progress was made in the field of 
polarization analysis on D 7. This technique, by 
means of the separation of spin flip and non-spin 
flip scattering, permits the line-w idth determina­
tion of coherent and incoherent scattering of li­
quid Na near the maximum of the structure 
factor . In this way it became possible for the first 
time to measure the de Gennes narrowing and to 
compare different scattering modes of fluids (Fig. 
18, 19, 20). 
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Fig. 19: Time of flight spectra of the coherent scattering on li­
quid sodium drawn as curves over the Q, ro plane correspond­
ing to the Q, ro values of the time of flight spectra of the eight 
detectors at different scattering angles 2/J with polarisation an­
alysis. 
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Fig. 20: The same as fig . 19 for the incoherent scattering on 
liquid sodium. 

Scientific trends and highlights 
in 1982 

Quantum liquids 

Surface excitations have been found by inelastic 
neutron scattering on IN 12 and IN 6 in the 
systems of 4He on grafoil (4-8 layers), Ne on 
graphon (2 layers) and 4He on Ne coated graphon 
( 1-12 layers) . These excitations have no disper­
sion in the range of investigation and explain the 
anomalous high transition of phonons through a 
solid-liquid interface (Kapitza resistance). No in­
fluence on the intensity of the surface excitations 
for coverages of more than 5 4 He layers was ob­
served and the 4He bulk excitations did not reveal 

The new liquids diffractometer D4 8 at the Hot Source which 
will become routinely available to users in Summer 1983. 

any broadening as a function of coverage down 
to 5 adsorbed 4 He layers, which would have in­
dicated a 2-dimensional behaviour (Surface 
roton) . The cause of the excitations is thought to 
be the solid layers adjacent to the substrate. 

Gases and simple liquids 

Diffraction measurements have been made on 
SF6 gas at 15 bar and are shown in Fig. 21. The 
cross-section is dominated by the molecular form­
factor over most of the 0 -range which is shown 
as a solid line. Departures are seen at low 0-
values which are due to inter-molecule inter­
ference and relate to the second structu ral virial 
crefficient, 82(0, T) which is a generalisation of 
B2(T). The data extracted for this region contain 
information on the orientationally averaged inter­
molecular potential. 
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Fig. 21 : The experimental cross-section distribution for the 
scattering of neutrons from SF6 gas at TO bar; the solid line is 
a molecular form-factor fi t and the dashed line shows the ef­
fect of angular resolution corrections. 

Some classical structure factor determinations of 
simple liquids have been pursued. High precision 
measurements of the structure factor of liquid K 
have been obtained at different temperatures. 

Molecu lar liquids 

The hydrogen / deuterium substitution is being in­
creasingly used for investigations of the structure 
of molecular systems, since some of the difficul­
ties linked with the Placzek correction have been 
overcome. A complete determination of all the 
partial pair correlation functions of liquid chloro­
form has been obtained. This will lead to a better 
understanding of the orientational correlation 
function, and, in particular, it will be of great 
interest for the hydrogen-bonded systems. A 
study on formamide has been completed . An­
other on methyl alcohol is in preparation . The 
H / D isotopic substitution was used to determine 
the three partial structure factors for liquid water. 

Aqueous solutions 

An intense activity of investigations has been 
going on in the field of highly concentrated 
aqueous solutions, not only in the area of the 

86 -



structure of hydrated ions, but also in the domain 
of the structure and dynamics of the water itself. 
Concentrated ZnCl2 solutions have been inves­
tigated with respect to the dynamics of the water 
molecule as well as highly concentrated HCI 
solutions concerning the proton dynamics. The 
concentrated LiCI aqueous solution being a 
glass former has been investigated and nucleation 
and growth of the ice nuclei were studied above 
T 9 and as a function of the thermal history (an­
nealing) below T 9. The conditions for the crystal­
lisation of cubic ice (le) and its transformation to 
hexagonal ice have been understood and con­
trolled (see fig. 22) . 
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Fig. 22: Typical diffraction pattern of a 10 % Li Cl.O2O glassy 
sample at 136 K just after quenching. At 147 K the cubic ice 
is fully precipitated and at 160 Kit is almost completely trans­
formed to hexagonal ice. One notices at the highest tempera­
ture the permanence of the supercooled residual disordered 
structure. 

Experiments have been carried out to study the 
hydration of more 'complex' ions eg . (NO3 ) - in 
NaNO3 solution, (ND4) + in ND4CI solution . Re­
sults of the former investigation have been com­
pared with those from X-ray diffraction, vibra­
tional spectroscopy and quantum mechanical 
cluster calculations. Agreement is usually good 
except for the case of calculations for small 
cluster sizes not permitting a proper comparison . 

In the latter case the comparison with molecular 
dynamics simulation is good . The discrepancy of 

the value of the hydration number may be due to 
the neutron diffraction experiment and the 
molecular dynamics simulation both being carried 
out at two different concentrations. 

Glasses and amorphous materials 

The study of the crystallisation processes in 
glasses and inorganic gels has revealed interesting 
results, both in the investigation of new materials 
and in the modelling of SAS data. The crystallisa­
tion of pure zirconia gel turns out to be an almost 
ideal system in that the scattering curves give 
a very good fit to a model of interacting soft 
spheres where the experimental intensity l(o) var­
ies directly with the fitted particle volume for a 
constant volume fraction of crystallites . 

A similar model can be fitted to the early stages 
of crystallisation of Cr3 + doped silicate glass, but 
the kinetics are more complex . The rate of 
change of intensity and crystallite size point to 
strong variations in the contrast between the pre­
cipitate and the matrix which may arise because 
of size dependent composition changes in the 
solid solution precipitate. These processes are as­
sociated with strong colour changes which ure 
being investigated by optical absorption and laser 
line narrowing spectroscopy. 

The investigation of the local order in amorphous 
metals by the isotopic substitution technique has 
continued, using polarized neutron diffraction 
( Co81 _5B18_5 ) or combination of X-ray and neutron 
scatter ing (Tb0 _75 Cu0 _25 ), (Mg0 _70 Zn0 _30 ) . The 
isotopic substitution method has also been ap­
plied to the investigation of a rather complicated 
problem such as the distribution of Dy atoms in a 
sodium fluoroberyllate glass. On the other hand 
the long range order in metallic glass has been in­
vestigated in a search for dislocations (NiB) or 
quench induced anisotropicity (Pd Si) . The origin 
of the small angle scattering behaviour of the me­
tallic glasses is not yet fully understood and new 
interpretations are likely to be given such as the 
one proposed for the Tb_75 Cu _25 system where 
large domains are apparently created by a charac­
teristic non-uniform distribution of impurity 
bubbles within the material. 

A recent experiment on D 2 aimed at the study of 
photo-irradiation in As2S3 glass. Although the 
large magnitude of the effect has been dem­
onstrated no quantitative results are available yet. 

On the dynamical side, there has been an inves­
tigation of the dispersion of the col lective density 
fluctuations near the first maximum Op of the 
structure factor in a metallic glass Mg70 Mn30 . A 
non-zero minimum of these excitations has been 
found near Op. The dependence of the observed 
peaks in the dynamic structure factor S(O,w) on 
heat treatment has been discussed and compared 
with recent computer simulations and model cal­
culations. 
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Amorphous metals 

Amorphous metals can be thought of in terms of disordered solid metals in which atomic short 
range order is very similar to that of the corresponding liquids. The interpretation of the properties 
of amorphous metals imposes a particular challenge since the understanding of crystalline solid has 
generally been based upon their crystal periodicity. Translational invariance does not exist in 
amorphous metals . 

Amorphous metals can be prepared by a variety of methods: 

1 ) Evaporation of metals in vacuum and condensation of their vapour on a cooled substrate 
2) Sputtering, by which atoms are removed from a target under bombardement with energetic 
inert gas atoms 
3) Chemical or electro less deposition 
4) Electro-deposition 
5) Rapid quenching from the liquid state (106 Ks - 1) . 

Amorphous alloys prepared by the latter method are the so-called metallic glasses or glassy metals. 
The main interests in amorphous metals were initiated by the special features in their basic proper­
ties due to the lack of long range order, but also by possible technical application based on out­
standing mechanical, magnetic, electrical and chemical behaviours. 

Pure amorphous metals are very difficult to obtain and transform into crystalline materials at very 
low temperature (- 10 K) . Binary or more complex alloys can be maintained in the amorphous 
state above room temperature. At present, the following families of amorphous metals are known: 
T-N; N-N; TL-TE; RE-N; RE-MN; RE-TL and U-T where T is a transition metal, N is a polyvalent 
normal metal, TL and TE are respectively a late and an early transition metal, RE is a rare earth 
metal, MN is a monovalent noble metal and U is uranium. 

Critical scattering of fluids 

The solutions of metal in molten salts or in liquid 
ammonia have been studied for effects linked to 
the non-metal to metal transition. In the Rb-RbBr 
system a very strong disorder is produced by the 
introduction of the salt in the metal structure, 
while the salt-rich order is simply diluted by the 
addition of metal. A cross-over between mean 
field and critical indices has been confirmed, at a 
few degrees above the critical temperature for li­
q u id -I iq u id phase separation in the Na-ND3 

system. 

In-beam NMR spectroscopy 

Studies of nuclear spin lattice relaxation in the li­
quid alloy systems Li-Bi, Li-Sn, Li -Pb have been 
performed by B-radiation detection in the tem­
perature range from 850 K to 1550 K. The relaxa­
tion rate as a function of concentration and tem­
perature deviates markedly from metallic be­
haviour near the compositions Li3Bi, Li4 Sn and 
Li4 Pb. Comparison with Knigth shift and con­
ductivity data show an increasing tendency of 
electron localization and compound formation in 
the series of alloy systems Li-Pb, Li-Sn to Li -Bi . 

Defects and disorder in solids 

A study of nucleation and growth of voids in Cu 
submitted to creep at temperatures above 400° C 

was done by neutron small angle scattering and is 
a continuation of a similar investigation on the 
formation of voids in Cu by fatigue in the same 
temperature range, which gave rather unique re­
sults on the kinetics of nucleation and growth of 
voids during this process. This is connected with 
the problem of failure of materials under fatigue. 
Neutron small angle scattering is a rather unique 
technique in this field because it makes it possible 
to determine separately both the nucleation rate 
and growth kinetics, in contrast to other tech­
niques. 

The study of oriented latent nuclear tracks in 
mica and polymers has been continued. These 
long linear defects created by energetic heavy 
ions in materials have been studied on D 11 at 
very low Q to find out whether these long, 
straight cylindrical defects may show properties 
analogous to neutron guides and also to in­
vestigate the fine structure of the defects. 

The clustering kinetics in AIAgZn alloys has been 
studied for the first time by contrast variation. 
Demixion kinetics at room temperature has been 
determined in situ at D 17 on three samples con­
taining 109Ag, 107 Ag or natural Ag. The partial 
structure factors (Sznzn, SznAg• SAgAg ) have been 
separated from the three sets of measurement. 
There is evidence of a unique type of Guinier-Pre­
ston zones enriched by Ag and Zn. The composi­
tions of the zones and of the matrix have been 
determined, and are in good agreement with the 
calculated miscibility gap. 
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Precise measurements have been carried out to 
study the temperature dependence of the defect 
structure of doped calcium fluoride . The results 
permitted the establishment of systematic trends 
with dopant radius and with temperature in the 
defect cluster structure of the trivalent doped 
fluorite halides. Several studies of diffuse scatter­
ing in pure and doped superionic conductors have 
revealed the extent and nature of the short-range 
order existing in these phases. 

Diffusion in bulk material 

There is a continuing interest in the study of the 
diffusion mechanism of hydrogen in metals and 
alloys . Some of the most promising hydrides for 
applications are those based on LaNi5. Quasi­
elastic and inelastic scattering experiments were 
performed on these hydrides and have given a 
better understanding of the hydrogen diffusion 
mechanism . In particular the role of aluminium 
substitution on hydrogen dynamics has estab-

lished a relation between the structure and the 
diffusion process . High resolution experiments on 
IN 10 in LaNi5H6 have shown that the diffusion 
ccefficient exhibits an anomalous concentration 
dependence. The existence of composite spectra 
at large momentum transfers is explained by the 
hydrogen diffusion in the presence of structural 
traps. 

Other experiments have been carried out to study 
the diffusion of hydrogen in a-Yttrium hydride, 
which is an example of an hep metal were the 
hydrogen has been shown to occupy both octa­
hedral and tetrahedral interstitial sites, giving rise 
to the possibility of a complicated diffusion 
mechanism . Further measurements on single 
crystals are necessary to define the exact spatial 
diffusion mechanism. 

Secretaries : 
A. J . DIANOUX. 
A. HEIDEMANN 

( Former secretary of College VI I). 
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college 8 
and embl Grenoble: 
biochemistry 

Members of the college 
I. At ILL 

Braganza L.F . 
Chenavas P. 
Cuillel M. 
Devaux C. 
Dianoux A.J. 
lbel K. 
Lehmann M.S . 
Mason S. 
May R. 
Oberthur R. 
Roth M. 
Smith J. 
Timmins P. 
Torbet J. 
Wilson S. 
Worcester D. L. 
Zaccai G. 

Table 5 

II. At EMBL. 
Bentley A . 
Bentley G. 
Berthet C. 
Boras F. 
Cusack S. 
Foote A. 
Jacrot B. 
Jesior J.C . 
Leberman R. 
Perkins S. 
Schoot B. 
Sgro J.Y . 
Zulauf M . 

Instrument usage for biochemistry. The table shows the number of proposals and days of beam 
time (in brackets) considered at the two subcommittee meetings in 1982. 

April 1982 requested 
allocated 

D8 D11 D16 

1(40) 31(77) 1(7) 
1(40) 17(31) 1(7) 

D17 

9(86) 
5(41 l 

IN5 IN6 IN10 IN11 IN13 Total 

1(4) 1(4) 116) 4(39) 2(11 l 49(274) 
4116) 2(9) 30(144) 

October 1982 requeSted 
allocated 

1(10) 21163) 3(42) 91113) 2144) 5(24) 3136) 2(13) 461315) 
10124) 3(36) 3138) 115) 2(7) 2113) 1(6) 22(129) 

General summary 

The ILL biology college and the Grenoble outsta­
tion of the European Molecular Biology Laboratory 
(EMBL) moved into the new joint EMBL/ILL build­
ing (ILL 20) in the first months of 1982. The 
consolidation of the facilities of the two groups 
has considerably improved the conditions and the 
support for biological experiments at ILL. Ex­
tensive biochemical equipment and instruments 
for centrifugation, X-ray and light scattering, 
electron microscopy and biochemical deuteration 
are now conveniently located close to the neutron 
scattering facilities. The dual support of biochem­
ical experiments by EMBL and ILL has continued, 
with EM B L providing preparative facilities and 
physical methods other than neutron scattering, 
and ILL (and also to a lesser extent EMBL) provid­
ing assistance with the neutron scattering meas­
urements, instrument operation and data evalua­
tion. The basic research of both groups is also an 
important activity, and in many cases occurs in 
collaboration, either locally or with outside uni­
versities. Nearly all of the biological neutron beam 
experiments at ILL involve the scientific participa­
tion of one or several ILL or EMBL scientists. This 
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has considerably helped to ensure the efficient use 
of neutron facilities and the success of the re­
search projects. 

Scientific trends and highlights 
of 1982 

Small-angle scattering continued to be the domi­
nant technique for biological experiments in 1982, 
but there was a substantial increase of beam 
usage for low-resolution crystallography, which 
utilized D 17 almost to the exclusion of biological 
small-angle scattering experiments. The Biology 
Subcommittee of the Scientific Council continued 
to emphasize several topics for long term commit­
ment: the triangulation of the 50 S subunit of the 
E. Coli ribosome, chromatin, the structure of 
viruses, low resolution crystallography of multi­
component macromolecules, and water structure 
in macromolecules. Several other topics of par­
ticular interest, but shorter term nature, were al­
located beam time and included several separate 
experiments on membranes. 
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Fig. 23: Low- resolution crystallographic analysis of the structure of Satellite Tobacco Necrosis Virus (L. Lifjas, U. Skoglund, 
T. Unge, G. Bentley and A. Lewit-Bentley. Dept. of Molecular Biology, University of Uppsala and EMBL, Grenoble). 
(a) A composite Fourier map of Satellite Tobacco Necrosis Virus at 33 A showing one half of the virus as seen from the inside. The 
unshaded contour sections indicate the protein and the shaded contour sections indicate the RNA. The protein forms an outer shelf 
protecting the RNA inside. The RNA is localised on the twelve icosahedral 5-fold axes (six of which are indicated by arrows) at a 
mean distance of 55 A from the virus centre (indicated by the black dot). 
(b) Artists ' impression of the protein "subunit" structure at low resolution. 
(c) and (d) Contour maps obtained for 40% 0 20 and 68% 0 20 respectively. The 40% 0 20 contrast (which shows RNA predomi­
nantly) was obtained by interpolation of 0%, 25%, 68% and 100 % 0 20 data. The circles are drawn about the virus centre with a 
radius ( 77 AJ to the positions of the protein subunit centres. 
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As in previous years, requested beam time for 
biological small -angle scattering experiments was 
much in excess of time available. Many good 
proposals had to be turned down or shortened 
because of this. The difficulty was accentuated 
however, by increasing use of D 17 for excellent 
projects in low-resolution crystallography. Alto­
gether, less than half of the days requested on 
the small-angle scattering instruments D 11 and 
D 17 could be allocated. Installation of a multide­
tector on D 16 was completed during the year, 
and several experiments showed that this im­
provement made the instrument very useful for 
small-angle scattering as well as diffraction. 

Low-resolution crystallography 

Diffraction analysis of the structure of several 
large macromolecular complexes was made using 
D 17. Previous measurements of nucleosome 
crystals were continued. Extensive measurements 
were made of single crystals of Satellite Tobacco 
Necrosis Virus. Structural analysis at 33 A resolu­
tion was completed using data sets for 0, 25, 68 
and 100% D,O (see figure 23 a-d) and shows 
clearly the separate locations of RNA and protein 
with RNA located preferentially on the 5-fold 
axes. Data to 16 A resolution were collected for 
crystals in 0, 68 and 100 % D2O. The total number 
of reflections measured for the crystal in D20 
was 4276 with 1713 out of 2477 unique reflec­
tions having intensities greater than three standard 
deviations (Uppsala, EMBL, Grenoble). 

Single crystals of the membrane protein matrix 
porin-detergent complex were briefly examined on 
D 17 and found to diffract to at least 25 A resolu ­
tion. Further measurements will be made on 
crystals of this integral membrane protein, 
structural analysis of which should show the na­
ture of the transmembrane pore which it forms 
(EMBL Grenoble and Heidelberg, ILL, Basel). 

Protein Crystallography 

Analysis of neutron diffraction data to 1 .4 A re­
solution from a 20 mm3 triclinic crystal of hen 
egg-white lysozyme at pH - 4.2 has shown that 
the side-chain of Glu 35 is protonated whereas 
Asp52 is not. This is as predicted by the reaction 
mechanism proposed by Phillips, Blake and others 
in the late 1960's. A further important result con­
cerns the degree of protection of the H atoms of 
the backbone NH group against exchange with 
D20. At least 35 out of 126 such H's are more 
than 80% protected : most are in the helices for­
med by residues 8-15 and 25-35 and in the P 
sheet 40-60. In conjunction with solution NMR 
studies these amide exchange results can be used 
to assess fluctuations in the lysozyme structure 
and models of solvent penetration. 

Chromatin 

Studies of chromatin included experiments on the 
detailed structure of chromatin subunits and on 
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the large-scale structure of native chromatin, me­
taphase chromosomes in particular. In the latter 
experiments, the differences between scattering 
curves obtained for different concentrations, ionic 
and pH conditions are directly analysed in terms 
of buffer-filled spaces which form in the com­
pacted chromosomes, and provide information on 
the environmental factors influencing the high de­
gree of structural organization (ILL, Munich). 

E. coli 50 S Ribosomal Subunit 

Measurements of the arrangements and 'in situ' 
sizes of the proteins in the large subunit of the E. 
coli ribosome continued. Five data sets on new 
inter-protein distances were collected, bringing 
the total number to ten . These are L 2-L 3, L 2-
L 4, L2-L20, L3-L4, L3-L13, L3-L23, L4-
L 13, L 4-L 20, L 4-L 23, L 13-L 23 . In addition, 
five more data sets for radii of gyration of pro­
teins "in situ " were obtained . The proteins thus 
studied are L 2, L 3, L 4, L 13, L 20, L 22, L 23 
(Berlin, ILL). 

Virus Research 

Work has continued on the low resolution struc­
ture of influenza virus (EMBL and Leiden) . Meas­
urements have shown that the A and B strains 
have very similar structures and that there are sig­
nificant structural changes induced on lowering 
the pH to 5.0 . These latter changes are likely to 
be important in understanding how the virus 
fuses with cell membranes during the infection 
process. 

Studies on human adenovirus type 2 have re­
sulted in a radial distribution of scattering length 
density from which the distribution of DNA and 
protein have been determined. Work on the 
whole virus was complemented by studies of mu­
tants lacking part of the structure. In addition, X­
ray studies made it possible to propose a model 
for the packing of the major coat protein in the 
capsid and also to observe some structural re­
gularity in the nucleoprotein core. Further X-ray 
and E. M. studies are being carried out on crystal­
line preparations of the adenovirus fibre (ILL, 
EMBL, Grenoble, Lille) . 

Glycoproteins 

Several glycoproteins were studied by small-angle 
neutron scattering in 1982. Alpha-acid glyco-pro­
tein was found to have an expanded structure in 
high salt (1 M NaCl) and a contracted form in 
more physiological conditions (0 .2 M NaCl), as 
demonstrated by radius of gyration and contrast 
variation studies. The two structures could corre­
spond to glycan chains extending into the solvent 
or folding back onto the surface of the protein 
core respectively (EMBL, ILL, Lille). 

Several of the glycoproteins of human comple­
ment were studied by neutron small-angle scatter­
ing to determine molecular weights, radii of gyra-



Contrast variation 

The scattering of radiation (of any kind) is due to fluctuations, or differences in scattering densities 
within the target. For neutron scattering, the scattering densities are sums of the coherent scatter­
ing amplitudes of the atoms in a unit volume. Studies of biological macromolecules by neutron 
scattering are usually made in an aqueous medium whose scattering density can be varied between 
that of H2O and that of D2O, with the scattering densities of all biological macromolecules falling 
(remarkably) between the two. The difference between the scattering density of the macromolecule 
and that of the aqueous solvent is the contrast, and can be varied by changing H2O/ D2O mixtures. 
If the macromolecule has a uniform scattering density, changing the contrast changes the intensity, 
but not the angular distribution of the scattering (Babinet's principle) . At zero contrast, the scatter­
ing densities of macromolecule and aqueous solvent are the same (hence matched) and there is no 
scattering . If the macromolecule is inhomogeneous, having components of different scattering 
density such as DNA and protein, the mean scattering density of the macromolecule determines 
the contrast. In this case, at zero contrast, the scattering vanishes at very small angles, but may be 
non-zero at larger angles. The aqueous scattering density can also be made to be the same as that 
of one component. The scattering is then completely determined by the structure of the other com­
ponent . In this way it is possible to separately "see" the different components of a two-component 
complex . 

Mathematically, the essential feature of contrast variation is that the Fourier transform of a 
hydrated structure is a linear function of the scattering density of the water. This is a consequence 
of the simple mathematical form of the Fourier transform which allows the target to be described 
as the sum of the aqueous component and the macromolecules. Such a Fourier transform is in 
general a complex number, and both real and imaginary parts are linear with the aqueous scattering 
density. At very small angles however, and for centrosymmetric structures, the Fourier transform is 
real , and therefore the square root of the scattered intensity is linear with the aqueous scattering 
density . 

tion and "wide-angle" spectra . These were C 1, 
activated C 1, sub-component C 1 Q and the sub­
unit complex C 1 r2C 1 s2 . The data help to 
evaluate different models for the structures of 
these important components of the immune 
system (Oxford , Sheffield , CENG and EMBL, 
Grenoble) . 

Tryptophan Synthetase 

Small angle scattering of trypophan synthetase 
and its subunits were made using reconstituted 
samples with one or the other of the two sub­
units deuterated . The enzyme is an a2P2 complex 
with subunit molecular weights of 29 ,000 and 
72,000 respectively . The data from samples with 
deuterated alpha subunits clearly show a sub­
stantial separation of the two subunits (Basel, 
ILL, EMBL, Grenoble). 

Membranes 

Structural analysis of purple membranes of 'Halo­
bacterium halobium' was continued using ' in vivo' 
deuterium labelling of individual amino acids 
(Yale, ILL) and retinal (ILL, Argonne and MRC, 
Cambridge) . Further samples were prepared by 
culturing Halobacteria in the presence of deu­
terated retinal obtained by mild oxidation of deu­
terated p carotene. These additional samples 
provided accurate diffraction data showing dis­
tinct intensity differences compared to the native 

in-plane diffraction. Difference analysis is now in 
progress . 

Extensive studies of myelin membranes and multi­
lamellar lipid vesicles were made during the year, 
to analyse the surprising finding that the mem­
brane repeat unit of myelin increases with hy­
drostatic pressure ( I LU . Diffraction analysis 
showed that this results from an increase in the 
cytoplasmic space in rat sciatic nerve, but that 
both cytoplasmic and extracellular spaces increase 
in myelin of the spinal cord , demonstrating a clear 
difference between the myelin membrane interac­
tions from peripheral nerves and the central 
nervous system. Studies of lipid multilamellar ve­
sicles of defined composition showed that the 
pressure effect is probably the result of disrupting 
salt bridges between acidic groups of lipids and 
basic groups of proteins. The response of spinal 
cord myelin was closely reproduced by vesicles 
containing phosphatidic acid and purified myelin 
basic protein. Measurements were also made on 
sciatic nerve of a mutant mouse (provided by 
N. Baumann of the Neurochemistry Laboratory, 
H6pital de la Salpetriere, Paris) which lacks 
myelin basic protein . 

Water structure in Macromolecules 

Experiments on the hydration of papain in 
ethanol-water mixtures and ribonuclease in gly­
cerol-water mixtures were performed on D 11 . 
The absolute intensity data show very little water 

- 93 -



associated with papain in ethanol-water mixtures, 
but 32 % (w/ w) associated water for ribonuclease 
in glycerol solutions. Radius of gyration data gave 
a measure of the location of the hydration shell 
(ILL) . 

Measurements of tRNAAsp have concentrated on 
the contribution to the total scattering of the hy­
dration of counterions attracted to the negatively 
charged transfer RNA molecule. The data show 
nicely that this water is denser than bulk water, 
as expected for electrostriction of water mo­
lecules around the charged ions in the counterion 
cloud . No change of the structure of tRNA with 
ionic strength is observed but there is a redistribu­
tion of the ions (Strasbourg, ILL). 

Inelastic Scattering 

Molecular dynamics of lysozyme were studied on 
IN 13 and IN 6 for different conditions of hydra­
tion and inhibitor binding ( Edinburgh, London, 
ILL) . The inelastic difference spectra between ly­
sozyme without and with saccharide inhibitors are 
always positive, consistent with a tightening of 
the Lys •G1 cNAc and Lys • (G1 cNAc)3 corn-

plexes relative to free lysozyme. Partial frequency 
distributions have been derived for six mean scat­
tering angles, and these show two principal fea­
tures: a band structure between 300 and 700 
cm - 1 that does not depend significantly on 0,,, 
and a strongly 0 0 - dependent band between 5 
and 100 cm - 1 the maxima of which shift from 
around 50 cm 1 (Q0 """ 2 A- 1) down to about 12 
cm - 1) ( =a: 0 .4 A 1) while increasing in intensity. 
These preliminary results appear to indicate that 
at low 0 0 , where the dynamics is sampled over 
distances in the 10 to 15 A range, cooperative 
motions of the domain structure are seen 
(" hinge-bending mode" ). The quasi-elastic dif­
ference broadenings, on the other hand, are ra­
ther different for the two inhibitors studied. Be­
cause of the slow decay of Lorentzian-like 
broadenings with increasing hw, small intensity 
differences due to "soft mode" changes in the 
near-inelastic region need to be analyzed very 
carefully. Measurements of the broadening for a 
number of lysozyme-inhibitor concentrations are 
required to separate these two effects. 

Secretary: 
D. WORCESTER. 

Head of EMBL Outstation : 
B. JACROT. 
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college 9 
chemistry 

Members of the College 
Bantle S. 
Beaufils J .P. 
Bee M. 
Bouillot J . 
Chenavas P. 
Chieux P. 
Dianoux A.J . 
Fender B.E.F. 
Ghosh R. 
Hayter J.B. 
Heidemann A . 
lbel K. 
Jobic H. 
Kearley G. 
Kugler J . 
Langel W . 

Table 6 

Instrument usage by College 9. 

Lauter H.J. 
Lehmann M. 
Lindner P. 
Magerl A . 
Marie P. 
Oberthur R.C. 
Pannetier J. 
Pautrot P. 
Pluchery 0. 
Poinsignon C. 
Rawiso M . 
Saubat B. 
Thorel P. (CEN-Grenoble) 
Volino F. (CEN-Grenoble) 
W right A . 

Proposed to and allocated by the Scientific Council in April and October 1982. 

Percentage Proposed 
lnstru- use of 
ment instrument number of days of days per 

by Coll. 9 experiments beam time experiment 
9a 9b 9a 9b 

D1 A 6 5 - 24 - 4.8 
D1 B 41 12 14 87 54 5.4 
D2 13 5 - 30 - 6 .0 
D7 11 1 2 10 14 8 .0 
D11 44 3 91 8 181 2.0 
D16 55 6 8 37 47 6 .0 
D17 38 - 80 - 156 2 .0 
D18 - - 2 - 15 7 .5 

IN1 36 18 1 100 7 5.6 
IN2 4 1 - 10 - 10.0 
IN3 13 7 - 56 - 8 .0 
IN4 38 21 1 170 14 8.4 
IN5 56 26 1 180 7 6.9 
IN6 39 24 2 142 12 5.9 
IN10 60 32 5 237 34 7.3 
IN11 32 - 14 - 142 10.1 
IN13 70 12 1 111 7 9.1 

Sum or average: 173 222 1202 690 4.8 

General summary 

The separation of College 9 into two subunits 9a 
and 9b is now well established and has proved to 
be a reasonable decision : 
9a is devoted to physical chemical problems of 
small molecules, including physisorbed, chemi ­
sorbed and intercalated compounds, and mo­
lecules in mesophases (liquid and plastic crystals). 

9b deals with the physical chemistry of complex 
supermolecular structures and of large molecules, 
i.e. with colloids and polymers. 

The instrument use in College 9 is similar to that 

Allocated Percentage accepted 

number of days of days per number of days of 
experiments beam time experiment experiments beam time 

9a 9b 9a 9b 

3 - 9 - 3 .0 60 38 
6 8 39 26 4.6 52 46 
3 - 19 - 6.3 60 63 
1 2 8 12 6.7 100 83 
2 47 3 70 1.5 52 39 
3 6 27 32 6.6 71 70 

- 40 - 67 1.7 50 43 
- 2 - 15 7.5 100 100 

3 - 8 - 2 .7 16 7 
1 - 7 - 7.0 100 70 
4 - 25 - 6 .3 57 45 
7 1 51 8 7.4 36 32 

16 1 91 7 5.8 63 52 
14 1 64 7 4 .7 58 46 
15 2 91 13 6 .1 46 38 
- 10 - 59 5.9 71 42 

12 1 102 6 8.3 100 92 

90 121 544 322 4.1 53 46 

of the new College 6 with some thematic overlap. 
The instrument use in Sub-college 9b is similar to 
that of College 8 with an overlap in the field of 
biopolymers and colloids of mainly physico-chem­
ical interest. 

Instruments of main interest in Sub-college 9a are 
the inelastic spectrometer IN 1, the time-of-flight 
instruments IN 4, IN 5, IN 6 and the backscatter­
ing spectrometers IN 10 and IN 13. 

Instruments of main interest in Sub-college 9b are 
the small angle scattering instruments D 11 and 
D 17, and the spin-echo-spectrometer IN 11. 
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Instruments of common interest in College 9 are 
the powder diffractometers D 1 B and D 16. 

Instruments of marginal interest in College 9 are 
the powder diffractometers D 1 A and D 2, the 
diffuse scattering instrument with polarization an­
alysis D 7, the interferometer D 18 and the triple­
axis instruments IN 2 and IN 3. 

On average, the ILL Scientific Council was able to 
accept only half the proposed experiments, w ith 
only a limited possibility of reducing the beam 
time for each experiment (from an average of 4.8 
days for a proposed experiment to 4.1 days for 
one accepted) . 

Instruments with a considerably faster turnover 
than average are the small angle scattering ma­
chines D 11 and D 17 with an average of 1.5 and 
1 . 7 days per accepted experiment, whereas the 
other instruments have an average turnover of 
6 .0 days per accepted experiment in chemistry. 

This leads to the other interesting feature, which 
is that most of the total beam time in College 9 is 
used by 9a , whereas the majority of the experi­
ments are carried out in the frame-work of 
College 9b (cf. Table 6) . 

The enormous overload on IN 1 is due to the re­
construction of the instrument (IN 1 B), which for 
nearly two years has prevented any experimental 
activities with high energy transfer in chemical 
bond studies. 

Since the end of 1982 for the first t ime in the 
history of the ILL the scientific in -house activity in 
t he field of colloid and polymer science has 
reached a reasonable stage w ith 4 physicists and 
3 thesis students mainly working in this field . If 
this number can be maintained at least over the 
next few years, several urgent projects could be 
carried through: a critical review of data handling 
for diffuse scattering at Q > 0.2 A- 1, standard 
routines to estimate or correct for geometric and 
wavelength collimation influences on the diffuse 
scattering data, general programmes for model 
calculations of polymer conformation, develop­
ment bf new experimental techniques like neutron 
reflectivity for surface investigations or neutron 
scattering in non-equilibrium environments . 

Scientific trends of 1982 

Physisorption 

Bi-dimensional phase studies benefit particularly 
from the use of neutron diffraction . Phase 
diagrams of H2, 0 2, and rare gases are now well 
documented . A new direction is opened by bi -di­
mensional phase diagram studies for CF4 and 
C2D2 on lamellar halides such as NiCl2 and Pbl 2 

where the appearance of plastic phases is noticed 
(Saclay). 

Tunnelling spectroscopy 

At room temperature a rigid methyl group, bound to the rest of a molecule X (or a surface, or a 
solid . .. ), rotates almost freely (strictly speaking it is rotational diffusion) around the X-C axis. There 
is, however, an interaction between CH 3 groups and the surrounding such that certain orientations 
of the CH3 are preferred . At lower temperatures, the CH3 group freezes in one of these orienta­
tions. This situation can be described by saying that each H hydrogen atoms is local ized in a 
potential well in which the H nucleus can oscillate, due to the molecular librations. At very low 
temperatures, even the librations are not excited, but tunnelling transitions are still possible and can 
be understood as follows: the spatial wavefunction of the methyl group is pretty much localised 
within the three potential wells . They extend, however, into the region betweeri the potential min­
ima (of the maxima of the potential) and there is a finite overlap with the spatial wavefunctions of 
the same group with an orientation changed by ± 120° (that is, with a given proton in one of the 
neighbouring wells ... ). This gives rise to a splitting of the rotational ground state, called tunnel 
splitting. Now, as one is dealing with homonuclear molecules or molecular groups, one has to 
observe the consequences of the Pauli principle . This necessitates taking the nuclear spin functions 
of the CH3 group into consideration and implies symmetry requirements on the spatial and spin 
functions of the methyl groups. Consequently, transitions between spatial wave functions involving 
symmetry changes, necessitate a change of symmetry as for the spin function . For this reason it is 
obvious that such transitions cannot be mediated by phonons in a straight forward fashion . It 
involves, necessarily, a spin flip, and to stimulate it one has to use external probes capable of 
inducing spin flips . In practice, neutrons provide such a probe and they are an ideal tool to measure 
these transitions although the f irst evidence of the effect came from NMR . The wavefunction over­
lap is extremely sensitive to the shape of the potential near the top of the barrier between two 
wells . Tunnelling spectroscopy is therefore a unique tool to study this part of t he potential and is 
complementary to libration spectroscopy which is more sensitive to the potential near its minima. 
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Quasi-elastic scattering from diffusion, 
tunnelling 

The O-dependence of the inelastic structure 
factors of tunnelling molecules, molecular groups 
and ions such as CH4 , - CH3 and NH4 + has been 
studied with the thermal backscattering spec­
trometer IN 13 . The results are in good agree­
ment with recent theoretical prediction (Ji.ilich , 
ILL). The rotational motions of NH4 + ions diluted 
in alkali halide lattices have been investigated on 
IN 5 yielding results which are consistent with a 
tunnelling model of a tetrahedron in an octa­
hedral field (ILL). Tunnell ing of NH3 in solid 
Ca(NH3 ) 6 has been measured on IN 6 in a wide 
temperature range exhibiting quasielastic 
broadening beside the tunnelling lines ( Lille, I LU . 
A high resolution neutron scattering study has 
been made of a solid solution of CH 3D in CH 4 on 
IN 10 in order to obtain information about the en­
ergy states of the CH3D molecules in the phase II 
structure. Free rotational and tunnelling transi­
tions were observed (Oxford). 

Rotational tunnelling of an H2-D2 mixture is used 
as a probe for electrical potential measurements 
and molecular interactions in lamellar compounds 
such as alkali intercalate graphite and lamellar 
silicates (Oxford). 

With neutron quasielastic studies on solid 
protonic conductors, a new research field is being 
explored as mentioned in the College 5 report (cf. 
Annual Report, 1981 ) related to energy storage 
applications . The large scale of spectrometers av­
ailable at the ILL makes it possible to investigate 
local fast motion and long range slow motions of 
protons in order to elucidate the proton transfer 
mechanism and its relation with protonic con­
ductivity (Oxford , ILL) . 

Chemisorption and catalysis 

The structure of chemisorbed layers has been 
well documented in the study of C2H2 adsorbed 
on Co3O4 . The quantitative treatment of the 
Bragg peak modification induced by adsorption 
has been used from methods developed for physi­
sorbed systems such as CH 4 on graphite. They 
are now applied to magnetic interaction studies at 
Co3O4 surfaces. The lattice site of electron 
transfer associated with chemisorption is iden­
tified for a spine! type oxide ( Lille, I LU. 

As previously mentioned, the additional delay of 
nearly one year in the rebuilding of IN 1 B had a 
very serious effect on the research programme of 
several teams, who were forced to give up their 
activities at the ILL. Nevertheless, catalytic prop­
erty studies on zeolites, started on IN 1 B, can be 
developed with IN 6 . The dynamics of aromatic 
hydrocarbons produced during the reforming of 
heavy oils in the porous network of zeolites is 
performed to elucidate the effect of catalytic 
properties and size selectivity for para-toluene 
against ortho-toluene synthesis in modenite 
frame-work . 

A. Leadbetter (Head of the Neutron Division at the Rutherford 
Appleton Laboratories) is one of the prominent ILL users. On 
the picture he /on the right) is controlling a run at the IN6 
spectrometer. 

The motion of an alkyl chain grafted on silica 
carriers, which has been investigated by quasie­
lastic scattering, can be described by a model of 
three-bond-jumps ( Paris, ILL) . 

Molecular crystals and lamellar 
compounds. 

The study of the dynamical behaviour of molecu­
lar plastic crystals was continued in order to in­
vestigate motions of increasing complexity, for 
example, in the investigations of hexamethyl­
ethane and hexamethyldisilane: each of the three 
motions corresponding to methyl groups (Me3C-or 
Me3Si-) or to the whole molecule was analysed 
over a wide temperature range. Similarly the 
internal and whole ion rotation study of the tetra­
methyl-ammonium ion in [N (CH3 )4 ) ZnCI4 was 
performed in relation to the set of four successive 
phase transitions between - 20° C and 30°C 
(Lille, ILL) . 

Lamellar compounds 

Clays. Water dynamics in montmorillonite and 
vermiculite with different compensating cations 
(Na +, Li +, Ca2 +) have been investigated in two 
hydration states (one and two water layers). Ad­
sorbed water anisotropy is also exh ibited for 
those dioctahedral swell ing clays (Birmingham, 
Orleans) . Information about forces between 
charged lamellae has been obtained from an ac­
oustic phonon study on a well crystall ised vermi­
culite, saturated with different cations (Oxford). 

Graphite intercalate compounds (GIC) 

H2 rotational tunnelling has been described for 
electrical potential measurements in alkali GICs 
(Oxford). Similar studies with H2-D2 mixtures 
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were performed to prove H2 dissociation . Crystal­
lographic studies (Orleans, Nancy, Orsay) of 
KC8H213 monocrystals were performed to localize 
hydrogen in this GIC. Dynamic studies of the al­
kali ion in different stages of Rb and Cs GICs 
have been performed and show the influence of 
graphite modulation on the alkali mobility (Ur­
bana, ILL) . 

Colloids 

The continuing investigations of micellar systems 
with small angle neutron scattering (SANS) and 
neutron spin echo (NSE) has led to the specula­
tion that the micelles might undergo a structural 
deformation during diffusion in concentrated solu­
tion. This is now being checked with chemically 
rigidified micelles, which should show the ex­
pected hydrodynamic behaviour of particles with 
constant spherical shape (Bristol, ILL). 

The experimental results obtained with magnetic 
colloids (Bangor, Did cot) have challenged 
theoretical calculations for a model fluid of spheri­
cal particles with dipole moment (I LU, which can 
explain many of the experimental data. 

Investigations on the internal structure of spheri­
cal micelles by isotope labelling of different parts 
of the constituent amphiphilic molecules with 
a combined use of D 11, D 17, D 16 and D 1 B 
are going on (Saclay, Orsay, Strasbourg), but 
progress will depend on a correct data handling at 
Q ::S 0 .2A- 1 (extraction of the coherent signal of 
the solute) . 

Interest is growing in the critical fluctuations of 
both uncharged and charged colloidal systems 
(Nancy, Grenoble, Saclay) and in lipid bilayers 
(Munich). 

One promising new technique for the investiga­
tion of single liquid lamellae and interfaces is neu­
tron reflectivity. It has now been applied for the 
first time to structural investigations of a single 
black film from a soap solution (Oxford, ILL) and 
could be an interesting tool for investigations of 
preferential adsorption of surfactants and poly­
mers at interfaces. 

Polymers 

Basic investigations are going on with partially la­
belled isotactic polystyrene (PS) in CS2 solution 
(Strasbourg, ILL) to determine the local confor­
mation of the chain from the scattering data . The 
main problem remains the data handling at Q :S 

0 .2 A- 1 and in particular the careful determina­
tion of the incoherent scattering of the solute, 
which is now attempted by polarization analysis 
on IN 1 and D 7. 

Neutron interferometry for the determination of 
the refractive index increment (scattering con­
trast) of solutions with increasing solute con­
centration was extended to molecules dissolved in 
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protonated solvents ( Dortmund, I LU. This 
method has now reached such an accuracy that it 
can be used for coherent scattering length deter­
minations of elements in soluble compounds. 

Dynamic investigations on polymers focus on the 
transition from chain motion in concentrated solu­
tion to chain motion in the melt, and on the local 
mobility of the chain segment (Julich, Mainz, 
London). 

Using the results of early NSE experiments with 
PS in solution, conditions were found where a 
coil molecule should be deformed in a constant 
shear gradient. The first successful observation by 
SANS of such a shear deformation of a polymer 
coil in dilute solution is shown on Fig . 24 (Mainz, 
ILL) . 

Adjusting the temperature and speed controlled shear gradient 
apparatus for liquid samples at the sample position A of O 11. 
The sample to be investigated, a diluM V20 5 solution of deep 
red colour in water, is contained in the 0. 5 mm gap between 
the adjustable (fixed) inner piston and the outer (rotating ) cy­
linder, both ground from quartz glass which is transparent for 
neutrons. 
The spectra obtained with this sample on the 20 detector of 
011 are shown on Fig. 24. 

Several complex systems of polymers interacting 
with colloids have been investigated by various 
groups. It was found possible to describe the ad­
sorption of polyoxyethylene ( POE) on PS-latex 
beads by the polymer-segment concentration 
profile at the latex / water interface through 
Fourier-transform of the scattering data (Bristol) . 
The investigation of the interaction of sodium do­
decyl sulfate (SOS) with POE in dilute aqueous 
solution has led to the suggestion of a grape-like 
structure of a given number of spherical SOS mi-
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Fig. 24: Effect of a shear gradient on polymer conformation in 
solution. Lines of equal intensity on the 2 D-detector of D 11 
for the SANS of d8-PS (Mw = 279000 g ! mole/ dissolved in 
oligostyrenel toluene (y = 0.2 Pa.sl after correction for de­
tector efficiency and background substraction (sample-de­
tector 10. 7 m, wavelength 10 Ai. 
(al at rest 
(bi in a shear gradient G = 450 s- 1. 

celles attached to each POE-chain, with several 
striking implications (Orsay, Strasbourg). 

Highly ordered systems of pure block copolymers, 
invisible with light and scarcely visible witb X­
rays, are revealed by SANS, if one subchain is la­
belled ( Strathclyde). A similar technique with la­
belled polychloroprene latex beads in the pure la­
tex made it possible to follow the fate of such a 
bead by SANS at different stages during the pro­
cessing of the material (Leverkusen, ILL), which 
was not possible with electron microscopy. 

Workshop 

A workshop on "Neutron Scattering and the 
Dynamics of Polymers" held at the ILL in March 
1982, was organized under the auspices of Col­
lege 9 by G. Weill (Strasbourg), L. Monnerie 
( Paris) and R. Oberthi..ir ( I LU . The meeting, at­
tended by some 80 scientists, permitted a fruitful 
discussion of recent results obtained by neutron 
scattering and various other techniques. 

Seminars 

Some topics of more general interest covered by 
College 9 were reflected in ILL seminars given by 
E.W. Fischer (Mainz) on crystalline polymers, M. 
Mandel (Leiden) on polyelectrolytes and H.G . 
Zachmann ( Hamburg) on synchrotron radiation in 
polymer research. In addition, several seminars of 
more specific interest were organized by College 
9 with P. Pottier (Montpellier), K. Hahn (Mainz), 
M . Pons (Orleans), M . Benmouna (Tlemcen, Al­
geria), M. Bee (ILL), H.J. Lauter (ILL), F. Freund 
(Cologne), S.H. Chen (MIT), D. Tinet (Orleans) 
and H. Estrade (Orleans). 

Secretaries: 
C. POINSIGNON. 

R. OBERTH0R. 
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office of the 
scientific secretary 

Organisation of Workshops 
and Conferences 

In the period March 29-30, 1982 a workshop on 
"Dynamics of Polymers" has been held at the 
ILL. Is was organised by the Office in collabora­
tion with R. Oberthur (ILL). About 80 experts dis­
cussed new developments in this field . 

On October 11-13, 1982, the Office organised a 
"Workshop on Position Sensitive Detectors" in 
collaboration with P. Convert ( I LU and B. Forsyth 
(RAU. The workshop was attended by about 130 
participants. It gave a state of the art of the de­
velopment of multidetectors. The proceedings will 
be issued in Spring 1983 by Academic Press, Ox­
ford. 

An "International Conference on the Impact of 
Polarized Neutrons in Solid State Physics and 
Chemistry" was held at the ILL from October 15 
until October 19, 1982. It was organised by the 
Office in collaboration with J. Schweizer (CENG), 
F. Tasset (ILL) and R. Lemaire (CNRS). More 
than 100 participants attended the lectures and 
poster sessions. 

The proceedings of the Conference will be issued 
in Spring 1983 by Journal de Physique. 

Preparations were started for the organization of 
the following workshops in 1983 : 

1 . Workshop on "3d Metallic Magnetism" or­
ganized by K. Ziebeck (ILL) and D. Givord 
(CNRS) (25-26 March 1983). 
2 . Workshop on "Data Treatment for Studies of 
Concentrated Polymer Solutions and Colloids" or­
ganized by R.E. Ghosh, J.B. Hayter, R.C. Ob­
erthur (29-30 March 1983). 
3. Workshop on "The Use of Neutrons in Ap­
plied Chemistry" organised by J.P. Beaufils and 
J. Hayter (27-28 October 1983). 
4. Workshop on "Fundamental Physics Experi­
ments at Reactors" organised by F. Gbnnenwein 
(in Autumn 1983). 

Public relations 

On March 27, 1982 the Office organised an Open 
Day at the ILL which has been a remarkable 
succes. More than 950 persons from the 
Grenoble population visited the lnstitut. 

Instrument Operation 

1982 proved to be a difficult year for the imple­
mentation of the scientific programme of the ln­
stitut. Perturbation and uncertainty due to faults 
which occurred in the reactor has meant cancella ­
tion at short notice of some 100 experiments. 
Subsequent inconvenience, both to the visitors 
themselves and to their associated experimental 
sample preparation programme, was largely mini­
mised by their understanding of our difficulties 
and the efforts which were made to reschedule 
the experiments. That we were successful in 
maintaining the programme by compressing the 
remaining available time, was mainly due to the 
efforts of the instrument scientists, local contacts 
and technicians, a point which highlights once 
again, the extremely high level of serviceability we 
expect from our scientific instruments. 

The draughtsman for the ILL 's scientific section carries out 
more than 800 drawings per year. 

Also, and from a more administrative point of 
view, the Scientific Secretariat acknowledges the 
understanding and flexible approach to our re­
quests for short notice cancellations and reserva­
tions shown by the Grenoble hoteliers . The per­
suasive assistance of the ILL hostesses in this re­
spect should also be noted. 

The final reactor cycle originally foreseen for 1982 
was delayed until 1 February 1983. On informa­
tion presently available, the scientific programme 
will be continued next year on the basis of the 
following reactor cycles : 

25 May to 14 June 1983 
21 June to 4 August 1983 
16 August to 29 September 1983 
11 October to 24 November 1983 
6 December to 23 January 1984 
(interruption 23-28 December 1983) 
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Project office 

The project Office assumes responsability for 
technical coordination , financial planning and 
budget control in the field of scientific capital in­
vestment in the normal budget and the execution 
of the modernisation programme. 

The total expenditure in 1982 was 11 MF in the 
normal budget and 16.3 MF in the modernisation 
budget ; commitments not yet paid being 8.9 MF 
(October 31 ). 

The projects in 1982, in an advanced stage are 
the following : IN 1 B, D 4B, PN 8, D 19A. The 
fabrication begins for D 7B, IN 20 and the main 

safety and health 
physics group 

The main function of the Group has continued to 
be the monitoring of radioactivity around the in­
stallations and the measurement of risks at the 
working positions. 

In part icular the Group has assisted , in conjunc­
tion with the other departments and services of 
the ILL, 

1 ) in the work necessitated by the repairs to the 
primary circuit of the Reactor in April ; this repair 
work involved dismantling and decontamination in 
particular of the heat exchangers, where there 
had been some contamination since 1977 ; 

2) in changing the H 12 beam tube liner and 
work on the H 6 source manipulator ; 

3) with health physics calculations on the future 

orders for the H 11 project (D 19B, D 2B, D 20) 
are placed . Preliminary studies for IN4B, DB 21 
(the biological diffractometer to be constructed in 
collaboration with EMBU are under way. 

The instrument projects for the second cold 
source are under discussion . 

The Project Office became connected to a man­
agement information system early this year, per­
mitting access to some book-keeping data for 
analytic budget control , project cost survey and 
budget planning. 

horizontal and vertical cold sources and on future 
instruments such as IN 20 and D 20 ; 

4) with monitoring on commissioning of experi­
ments IN 1 and PN 8 ; 

5) on the safety study for the future buildings, in 
particular the future neutron guide hall and build­
ing ILL 21. 

Also in 1982 the Safety and Health Physics 
Group computerized the records for radioactive 
sources and the despatch to the laboratories of 
origin of the dosimetry results for the guest scien­
tists. 

The Group also continued and expanded its work 
of informing all staff on health physics, with par­
ticular emphasis on the video film. 
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library 

In 1982 the I. L. L. Library has succeeded, thanks 
to strong in-house support, in maintaining its rate 
of acquisition of books and its number of per­
iodicals, despite the considerable increase in the 
price of scientific publications. 

It has now 7300 books (490 acquisit ions in 
1982). 

It handles 300 subscriptions to journals of which : 

• 160 scientific titles 
• 60 technical titles 
are stored in the Library, the remainder being dis­
patched to other departments of the Institute. 

The library continues to be point of attraction and 
interest for the users of the I. L. L. facilities. 

1982 has marked the end of the computerisation 
process for some tasks of the library, in particular 
for : 

• publications (about 350 registered for 1982 
jointly with the Physicists' Secretariat), 

• experimental reports collected for the Annex to 
the Annual Report (about 400 every year) . 

Library budget for 1982 : 442 KF . 

The efficient organisation of the ILL 's library by Mme Casters 
plays an essential part in the lnsti tut's scientific activities. 

secretariat of physicists 

This secretariat is in charge of the typing of 
scientific publications and the mail of the ILL phy­
sicists and long-term visitors. 

Typing of research proposals and reports (sub­
mitted to the Scientific Council) is also done by 
this section . 

The secretariat is also involved in the preparation 
of the list of ILL publications for the annual report 
of the Institute in collaboration with the library. 

The group contributes to the preparation of 
conferences and workshops and regularly sends 
reprints of the ILL publications for which there is 
a high level of demand from very many labo­
ratories. 

Due to the increase in the typing load, the in­
troduction of a word processor for the secretariat 
is envisaged for the near future to permit a better 
service to be given to the scientists . 
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Introduction 

Le departement technique assume 2 mis­
sions fondamentales : 

l'une, de caractere general est confiee au 
Service Fabrication, Amenagement et 
Entretien et couvre !'ensemble du site et 
de ses installations hors reacteur, y com­
pris l' amenagement des dispositifs 
experimentaux ; 

l 'autre, de support scientifique est 
assuree par le Service de Construction et 
de Maintenance qui, de l'etude a la reali ­
sation, le montage et les tests est respon­
sable de la partie mecanique des disposi­
tifs experimentaux. 

Dans le cadre de la mIssIon generale, 
I' annee 1982 a ete marquee essentielle­
ment par !'installation de l'autocommuta­
teur telephonique et les travaux de defini­
tion du nouveau hall de guides lie a la 
source froide horizontale. 

Dans le cadre de la mission de support 
scientifique, la premiere serie d'instru­
ments du programme de modernisation a 
ete mise en service : IN 1 B, D 4 B, 
PN 8, et les structures essentielles du 
projet d'amenagement de H 11 etudiees 
et lancees en fabrication . 

Introduction 

The Technical Department has two 
principal functions : 

The Production and Site Maintenance 
Group has a general function covering 
the entire site and the installations apart 
from the Reactor, including the equip­
ment of the experimental instruments. 

The Instrument Construction and Main­
tenance Group provides scientific sup­
port, and is responsible for the mecha­
nical part of the experimental instruments 
from their design to the construction, as­
sembly and tests. 

As regards the general function , 1982 
was mainly characterized by the installa­
tion of the telephone switchboard and the 
work of defining the new guide hall asso­
ciated with the horizontal cold source. 

Under scientific support, the first group 
of instruments in the modernization 
programme was commissioned : IN 1 B, 
D 4B, PN 8, and the basic structures of 
the H 11 equipment project were de­
signed and ordered . 
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Einleitung 

Das Technische Departement ist fiir zwei 
wesentliche Aufgaben zustandig : 

- die eine, mehr allgemeiner Art, ist 
der Abteilung Werkstatten , lnfrastruk­
tur und Gebaudewartung ubertragen und 
erstreckt sich auf das gesamte Gelande 
und dessen Anlagen ausserhalb des Re­
aktors, einschliesslich lnfrastruktur der 
Experimentiereinrichtungen. 

- die andere, die wissenschaftliche Un­
terstutzung, ist durch die Abteilung Kon­
struktion und Wartung gewahrleistet, die 
vom Entwurf bis zur Ausfuhrung, der 
Montage und den Tests, fiir den mecha­
nischen Teil der Experimentiereinrichtun­
gen verantwortlich ist. 

Von den allgemeinen Aufgaben her gese­
hen, war das Jahr 1982 im wesentlichen 
gepragt von der lnbetriebnahme der Tele­
fonvermittlung und der Planungsphase 
fiir die neue Neutronenleiterhalle im Zu­
sammenhang mit der horizontalen Kalten 
Ouelle. 

Von der Aufgabe der wissenschaftlichen 
Unterstutzung her gesehen, wurde die 
erste Serie von lnstrumenten des Moder­
nisierungsprogramms in Betrieb genom­
men : IN 1 B, D 4 B, PN 8. Ausserdem 
wurden die wesentlichen Teile des Pro­
jekts zur lnfrastruktur H 11 entworfen 
und in Auftrag gegeben . 



production and 
site maintenance group 

1. General 
The Group is active in three main areas : 

- contribution to the technical and logistic sup­
port of the ILL scientific and general services ; 
- maintenance in good condition , and as ne­
cessary extension of the buildings and general 
infrastructure of the ILL (excluding the Reactor) ; 
- operation, maintenance and repairs of the gen­
eral technical installations. 

2. Production group and primary 
materials store 

Mechanical and Sheet-Metal Workshops 

With a staff of 4 and a fairly complete range of ma­
chining and welding equipment, these have contri­
buted to : 

- the construction of a considerable proportion of 
the experiments and their infrastructure, 

- the equipment and maintenance work for the 
Reactor, laboratories and general technical installa­
tions. 

The projects include vacuum pumps for PN 5, 
cryogenics and Reactor. Platforms for the installa­
tion of PN 1 and nuclear ventilation for ILL 21 . 
Biological shielding for PN 8. 

The Self-Service Mechanical 
and Sheet-Metal Workshops 

A range of 15 machines is permently available to 
technicians from various groups doing small items 
on mechanical work of a very high quality. 

Two permanent staff attached to this workshop 
also 

advise the users, 
carry out certain work themselves, 
maintain the stock of machine tools outside the 

main workshops. 

The Primary Materials Store 

Linked with the ILL general stores, this store is 
operated on behalf of and under the control of the 
Administration and Finance Department . One em­
ployee supplies materials in sheets and profiles 
to the (non-finished) dimensions requested by the 
users. 

3. Design studies and 
construction project group 
This group deals with new constructions and major 
changes to the general infrastructure and buildings. 
It does all or part of the associated design studies, 
deals with invitations to tender, selection of sup­
pliers and supervision of the work carried out by 
outside firms. 
The main jobs in 1982 were : 

- a meeting room on the 1st floor of ILL 4, re­
novation of the 2nd floor conference room and 
installation of centralized air~conditioning, also 
shared with the Scientific Secretariat's computer 
- installation of a central X-ray laboratory in 
ILL 19 
- construction of an entrance and toilets for 
handicapped persons in ILL 4 
- equipment of the decontamination building 
ILL 21 with contamination and conventional facili­
ties 
- construction of a lorry access lane at the en­
trance to t"'e site and access for pedestrians at the 
corner of the ISN 
- repainting of the 3 upper floors of ILL 4 
- establishment of a test area for heavy experi-
ments on the 1 st floor of ILL 2 
- equipment of a room for legally required 
archives in ILL 11 
- reconstruction of the road ILL 7 / ILL 11 
- various equipment work for offices or labo-
ratories. 

In addition the initiation of design studies for the 
construction of the second guide hall (ILL 22) took 
place and orders were placed for engineering con­
sultancy, supervisory organisation, surveyor, 
studies of the ground and supervision of the base. 
The invitation to tender for the roads and the base 
has been issued . 

4. Building and instrument 
maintenance group 

Description of duties 

The group has 3 main fields of work. 

a) Maintenance of the technical installations 
and the ILL 's furniture and structures 

The work in this field is essentially preventive, partly 
with the aid of specialized external firms, under 
maintenance contracts. 

The recruitment in 1982 of a technician directly re­
sponsible to the group head has made it possible to 
start computerizing the list of equipment, to form 
the basis of a plan of preventive maintenance and 
stock management. 
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b) Equipment of buildings 

In conjunction with the design studies and 
construction project group, the group carries out 
the majority of design studies and preparation of 
technical specifications and the follow-up of 
construction work (done by external firms) in the 
field of liquids, air-conditioning, handling, electric­
ity and furniture. 

c) Modifications to instrument positions 

As a function of the requests from the Instrument 
Operation Department and the Project Office, and 
in conjunction with the Reactor and the Construc­
tion and Maintenance Group, this group organizes 
the preparation and assembly of the shielding and 
other facilities (electricity, handling, infrastructure) 
on new or existing instruments. 

Principal jobs in 1982: 

- Equipment of the hydrogen area behind PN 7 
- Assistance in changing the H 12 beam tube 
liner and in dismantling preliminary to the replace­
ment of the H 9, H 10 and IH 4 beam tubes 

Equipment of they-area in ILL 1 
Infrastructure for PN 8 
Transfer of the evaporator S 3 
Equipment of the liquid Helium experiment on 

H 17 

telephone 
To satisfy its telecommunications requirements, the 
ILL installed its own telephone switchboard in 1982, 
making it independant of the network of the Centre 
d'Etudes Nucleaires de Grenoble. 

Preparations for installation were spread over the 
first six months of 1982. 

The switchboard is a SIEMENS EMS 12000 
electronically controlled multi-line system, provid­
ing 525 internal lines, 300 of which can be reached 
by direct inward dialling. This provides a number of 
additional services for the ILL personnel, the most 
used being the centralized abbreviated numbering, 

- Handling equipment on IN 12 and on the liqu id 
Helium experiment on H 17. 

Facilities available 

Apart from the use of external firms and other sec­
t ions of the ILL, the group is mainly supported by 
its workshops : 

- Maintenance and electrical workshop : 4 staff 
(after incorporation of the contract personnel) 

- Maintenance workshop for general technical 
installations : general fluids, heating, sanitary, ven­
tilation, air-conditioning , effluents (outside the 
Reactor), and lifting and handling equipment 
(5 Staff) . 

- General maintenance workshop : maintenance 
of buildings, general and technical furniture, ILL ve­
hicules, all internal removals and a considerable 
proportion of the internal transport and handling 
(4 staff). 

- Concrete prefabrication base. With the asso­
ciated civil engineering equipment, this makes it 
possible to deal with particular requirements for ex­
periments as regards shielding (ordinary or special 
concrete) . 

which provides four-figure codes for numerous 
outside numbers. 

The exchange consists of three switchboards and a 
computerized ILL directory. It is manned by ope­
rators from 8 a.m. to 6 p.m. on working days. 

In parallel with the installation of this telephone 
system, work was carried out in association with 
the general operation on the renovation of the inter­
nal network, identification, updating and replace­
ment of old equipment, and the installation of new 
lines required for new rooms or transfers of staff. 

The new ILL switchboard installed in June 82 has considerably improved the efficiency of the lnstitut 's telephone system. 
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Instrument construction and 
maintenance group 

Within the Technical Department, th is Group has 
two main functions : 

- assistance with the design and construction of 
the instruments under the responsibility of the Pro­
ject Office ; 

- collaboration on the operation of instruments in 
the fields of inspection, measurement and mainte­
nance. 

Two addit iona l fields were attached to this Group 
during 1982 : 

the mechanical workshop 
the special products workshop. 

The design studies, internal and external mecha­
nical construction work, assembly, tests, and 
measurements thus form a coherent whole. This 
coherence was reflected at the end of the year 
by the complete assembly on a platform in the 
workshop bu ilding of the new triple-axis spec­
trometer IN 20. 

Design studies 

These cover three working groups : 

- The shielding group w ith the preparation of the 
tender documents for the new H 11 project : at the 
end of 1982 the design studies for all the main in­
tegrated components were completed and con­
struction was started in Germany of the shielding 
assembly for D 19B-D 2B-D 20. 

- The secondary spectrometers group with the 
completion of the optical equipment for D 4B­
I N 1 B-1 N 1-Beryllium : at the end of 1982 this 
group completed the structural studies for IN 20 
and started the design stud ies for the optica l com­
ponents of this instrument. In addit ion the design 
studies for D 19 B, D 20 are in progress. 

- The development group contributed to the de­
finit ion of new mechanical components suitable for 
Eulerian cradles, superconducting coi ls for D 7B, 
and fast choppers possibly for IN 4B. 

Production 

The group has dealt with 270 sets of documents for 
outside industry. 

The workshops have done a great deal of work with 
the Reactor in connection w ith difficult mainte­
nance work. They also contributed to the sensitive 
construction work on variable curvature multiple 
monochromators. After D 7-IN 6 the new pro­
totype will be used by IN 1 B. They have also made 
possible the construction of special new goniomet­
ers which can be motorized and coded. 

The main external items concern IN 20 w ith the 
shielding supplied from the U.K., and also a multi­
detector prototype, and in the Grenoble area the 
supply of D 7 components su itable for polarized 
neutron experiments by supermirrors. 

Assembly, tests 

This group is sti ll very active : 

- work outside the group on behalf of the Equip­
ment and Maintenance Group, for the scientists 
and for the Reactor Department ; these are es­
sentially measurements of vibrations, tempera­
tures, noise and dimensions ; 

- assembly and test of the instruments and com­
ponents produced by the Group : IN 1 B, D 4B, 
IN 1-Beryllium, new projects for D 7, PN 8 and 
IN 4; 

- loan of measuring equipment with instruction 
for the users. 
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Introduction 

Le rythme de fonctionnement habituel 
du reacteur a ete perturbe, en 1982, a 
la suite de deux incidents qui ont 
affecte les structures du bloc-pile : 

- rupture d'un secteur du collecteur 
de reprise de l'eau lourde dans le bidon 
reflecteu r, 

- perte d'etancheite du nez du doigt 
de gant du canal H 12. 

Le programme initialement prevu com­
portait six cycles totalisant 257 jours de 
fonctionnement ; la remise en etat de 
!'installation a la suite des incidents a 
necessite l'amenagement des cycles et 
la duree totale de fonctionnement a ete 
reduite a 204 jours. 

Einleitung 

Zwei Zwischenfalle, die die Strukturen 
des Reaktorblocks betrafen, haben im 
Jahre 1982 den ublichen Funktions­
rhythmus des Reaktors gestort: 

Bruch eines Teiles des Ansaugtorus im 
Schwerwasser des Refektortanks . 

Undichtigkeit der Nase des Strahlrohres 
H 12. 

Das ursprunglich vorgesehene Pro­
gramm belief sich auf 6 Zyklen von ins­
gesamt 257 Betriebstagen . Die notwen­
digen Arbeiten an der Anlage nach den 
Zwischenfallen hatten eine Neuplanung 
der Zyklen, sowie eine Verkurzung der 
Gesamtbetriebsdauer auf 204 Tage zur 
Folge. 
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Introduction 

The regular operation of the reactor 
was disturbed in 1982 following two in­
cidents which affected the structures of 
the reactor block : 

Breaking off of part of the heavy water 
suction nozzle in the reflector tank . 

Failure of water tightness at the nose of 
the beam tube liner of beam H 12. 

The original schedule for 1982 included 
6 cycles totalling 257 days of 
operation ; the repairs following these 
incidents necessitated a change in the 
reactor cycles, reducing the total 
operating period to 204 days. 



reactor operation 

Cycle 8 / 81 

Operation from 5 January to 11 February 1982. 

The schedule was respected and the cycle was 
completed without any notable incident . 

Cycle 1 / 82 

Operation from 23 February to 10 April 1982. 

The initial cycle was prolonged by two days to com­
pensate for a shut-down of 42 hours during the 
cycle necessitated by the replacement of a main 
pump of the heavy water circuit, when the vibration 
level became excessive. 

Cycle 2/82 

This cycle was initially programmed from 20 April 
to 3 June 1982, but was interrupted by two inci­
dents. 

The first, following the breaking off of the heavy 
water suction nozzle in the reflector tank, stopped 
the Reactor from 20 April to 30 June. The se­
cond incident was the discovery of a leak on the 
liner of beam-tube H 12 ; its replacement neces­
sitated a further shut-down of the reactor from 5 
to 27 July 1982. 

Operation then resumed from 27 July to 16 Au­
gust without any particular problem, but the fuel 
element was only partly used (24 days instead of 
44) , this element will be used again in 1983. 

Cycle 3/82 

Operation from 24 August to 10 October 1982. 

The original cycle had to be prolonged by 3 days 
to allow for a reactor shut-down to replace safety 
rod n° 5. 

This cycle was interrupted by 3 reactor shut­
downs, includ ing one with a Xenon poison-out. 
These shut-downs were due to voltage drops on 
the EDF supply network. 

Cycle 4 / 82 

Operation from 19 October to 2 December 1982. 

The scheduled dates of this cycle were respected 
despite a 42-hour reactor shut-down following a 
voltage drop on the EDF network . 

1982 

Cycle 5/ 82 

This cycle commenced in 1982 and fin ished in 
January 1983 . 

The start-up was on 14 / 12 / 82, and the cycle 
was interrupted over Christmas from 23 to 28 De­
cember 1982, then continued normally until the 
end of January 1983. 

An operational error during the start-up on 
14 / 12 / 82 resulted in a brief shut-down, but the 
Reactor was immediately restarted. 

Data for 1 982 

N° of days originally scheduled 
actual n° of days of operation 
N° of equivalent days of full power 
actual operating time 
actual operating time in relation 

to time scheduled 
N° of fuel elements used 
N° of fuel elements actually 

despatched for processing 
N° of unscheduled shut-downs 

including: brief shut-downs 
shut-downs with 
Xenon poisoning 

Analysis of unscheduled shut-downs 

Intervention by operation staff 
EDF power cuts 
Mechanical reasons 

257 
204 
200 

56 % 

79 % 
5 

5 
10 
5 

5 

3 
4 
3 

The number of unscheduled shut-downs ( 10) is 
comparable with that of recent years, but the 
number of shut-downs with Xenon poisoning (5) 
is considerably higher than in 1981 ; this is the 
result of failures of equipment, which neces­
sitated long shut-downs for repairs . 

Despite the improvements to our installations for 
protection against EDF power cuts (no effect on 
the reactor operation when these cuts are shorter 
than 1.5 seconds) , the unscheduled shut-downs 
due to EDF voltage drops amounted to 4 this 
year : this was due partly to a 220 KV loop being 
interrupted at certain periods, which results in 
longer power cuts if there is an interruption due 
to lightning ; in addition, a long power cut 
( 1 h 35mn), due to a violent storm, interrupted 
the 220 KV supply on 7 November 1982 . 
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operation of the sub-assemblies 

Reactor block 

Following the damage to the heavy water suction 
nozzle in the reflector tank, the complete circu it 
was equipped with sensors to indicate any un­
usual events and filters were installed to trap any 
new part likely to enter the circulation and 
damage the equipment. At each scheduled shut­
down the interior of the reflector tank is inspected 
by a television camera to follow any changes in 
the internal structures of the reactor block. 

The year was also marked by the replacement of. 
the H 12 beam tube liner, at the nose of which a 
heavy water leak was detected ; three replace­
ment beam tube liners have been made and a 
complete set of liners for the horizontal and in­
clined beam tubes has been ordered. 

The leak detection circuits in the beam tubes 
have been tripled, and the electrode leak de­
tectors have been replaced by new systems 
operating in 2 / 3 logic to close the associated 
safety valve . 

The pneumatic control circuit for the safety valves 
has also been replaced and duplicated. 

Following safety studies and tests to evaluate the 
consequences for the instruments, the beam tube 
liners previously under vacuum were filled with 
helium at 2 bars absolute. 

Circuits 

The piece of aluminium from the suction nozzle 
slightly damaged the impeller when it reached the 
reactor block, and necessitated the replacement 
of main pump n° 2 ; following this, filters were 
installed on the inlet side of the pumps to avoid 
repetition of this incident. 

During the year the majority of the immerged 
rotor pumps were equipped with devices to mon­
itor the wear of the graphite bearings. 

On the heavy water circuit, a filter of large area 
and small grainsize was tested and found satis­
factory, reducing the turbidity of the heavy water 
to below 5 mg alumina per litre. 

New liquid effluent tanks were installed, permit­
ting the temporary storage of effluents before 
transfer to the processing facility. 

The Dam on the Drac was again consolidated and 
a second dam constructed 250 m downstream 
now limits the drop to which the ILL Dam is sub­
ject. 

Detritiation plant 

The detritriation plant operated only during the 
first three months of the year, processing 
3 620Iitres of heavy water from one of the HAR­
WELL reactors, 1 450 litres of heavy water from 
EL 3 at SAC LAY, and 30 m3 of heavy water from 
the HFR. During this period approximately 20 000 
curies of tritium were extracted. 

Following this, the detriation plant was stopped 
and the refrigerator used for tests on the model 
of the future Cold Source, which will be installed 
in the H 5 beam tube liner (see photo). 

Test set-up for the new Horizontal Cold Source. 

Electricity 

During 1982 a study was carried out for the re­
placement of the static inverters of the completely 
reliable 220 V production and distribution net­
work. The old TCMS network, which had been 
gradually replaced by the ARC and NS networks 
has been disconnected and the static inverter re­
moved . 

The control unit for the instrument PN 3 has been 
completely rebuilt using an automatic prog­
rammable device. 

Electronics 

To augment the information received in the 
Control Room and, in particular, to improve the 
operation of the experimental instruments, SADI 
(Information Acquisition System) systems have 
been installed and connected to a control panel 
with teleprinter in the Control Room. 

The information on the detritiation plant has also 
been combined on a SADI and relayed to the 
Reactor Control Room. 
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The TCMS system (Centralized Treatment of 
Measurements and Signals) has been equipped 
with a colour visual display unit permitting 
changes to be followed in real time, or changes in 
measurements arriving at the computer to be re­
constituted . This will make it possible to recon­
stitute past events, the information being stored 
in the ILL Central Computer by means of a link 
also implemented this year. 

A photocopy system has also been provided for 
this visual display unit. 

Handling of fuel elements 

The ILL received two new fuel elements in 1982 
and forwarded five used elements for reprocess­
ing in the USA. From the end of 1982 a new 
type of container w ill permit two fuel elements to 
be despatched at the same time. 

The hot cell has been equipped with a cutting de­
vice, which has been used to take specimens 
from the beam tube liners H 8 and H 12 which 
were replaced during the year. 
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Introduction 

1982 has been a year of consolidation, of 
general improvements, and of planning 
for the future. 

The new Central Computer, DEC 1091, 
completed its first years normal operation 
in October. After resolving some initial 
problems the system now runs smoothly 
with very few interruptions of service. 
The long reactor shut-down in spring dis­
rupted, for a while, the normal pattern of 
use, but it is now clear that the workload 
is considerably higher than had been 
forecast, and some signs of saturation 
are appearing. 

A number of projects are in hand to 
improve communications with and bet­
ween computers. A computer network is 
being installed with the principal aim of 
facilitating data transfer to the DEC 10. 
By the end of 1982 about 20 instrument 
computers had been connected. In paral­
lel with this, a hardware switching device 
will permit {for such equipment as is 
connected to it) any terminal to be linked 
to any computer. 

Purely on the instrument control side 
{computers and electronics) one must 
particularly note 
- implementation and testing of the re­
built systems IN 1 B, IN 8B 
- work on data acquisition on D 19A, 
leading to the refined technical specifica­
tion for D 19 B 's computer 
- improvements to IN 6, IN 13 follow­
ing their coming into general service 
- major modifications on D 5, D 7, 
IN 10, IN 11. 

Aside from its work on individual instru­
ments, notably D 19A, the Data Treat­
ment Group has been engaged in uni­
fying formats for corrected data, to 
enable standard analysis packages to be 
used. 

Specifically on the electronics side there 
is a clear movement towards the use of 
microprocessors, and better programm­
ing and test facilities are being in­
troduced. The implementation of the 
DEC standard CAMAC controller con­
tinues. 

With few exceptions reliability of instru­
ments systems is good. This is a very fine 
achievement in view of the rapid increase 
in the amount of equipment in service. 

In the detector area, the principal 
achievement was the delivery of the 8000 
cell multidetector for D 19, after over­
coming many technical problems. For the 
future, the relative merits of gas and solid 
state technologies for large area position 
sensitive detectors are being carefully 
reviewed. 

The Management Information System, 
MISSILL, which was originally restricted 
to the automation of the Scientific Secre­
tariat and related services for guest scien­
tists, has widened its cover to include 
travel, radiation records and the Project 
Office. 

Einleitung 

1982 war ein Jahr der Konsolidierung, 
der allgemeinen Verbesserungen und der 
Planung fur die Zukunft. 

Im Oktober beendete der neue Zentral­
rechner DEC 1091 sein erstes Jahr im 
Normalbetrieb. Nach Beseitigung einiger 
Anfangsschwierigkeiten liiuft das System 
nun reibungslos mit nur sehr wenigen Be­
triebsunterbrechungen. Der lange Reak­
torhalt im Fr0hjahr unterbrach tor eine 
Weile den normalen Betriebsablauf, aber 
es ist nun klar, dass der Rechenbedarf 
bedeutend hiiher ist als vorgesehen und 
erste Anzeichen der Siittigung sind zu er­
kennen . 

Eine Anzahl von Projekten zur Verbesse­
rung der Kommunikation mit und zwi­
schen den Rechnern wurde angefangen. 
Ein Rechnerverbindungsnetz wird instal­
liert mit dem Hauptziel, die Daten0ber­
mittlung zur DEC 10 zu erleichtern. Ende 
1982 waren etwa 20 lnstrumentenrech­
ner angeschlossen. Parallel dazu wird ein 
Terminal-Netzwerk aufgebaut, das die 
Anwahl eines beliebigen Rechners von ei­
nem beliebigen Terminal aus ermiiglichen 
soil. 

Auf dem Gebiet der lnstrumentsteuerung 
{Rechner und Elektronik) muss folgendes 
besonders beachtet werden : 
- lnbetriebnahme und Test der neu­
erstellten Systeme IN 1 B, IN 8B 
- Arbeiten auf dem Gebiet der Datener­
fassung fur D 19A, die zur verfeinerten 
technischen Spezifikation fur den 
D 19B-Rechner gef0hrt haben 
- Verbesserungen von IN 6, IN 13 nach 
ihrer lnbetriebnahme 
- wesentliche Modifikationen an D 5, 
D7, IN 10, IN 11 . 

Abgesehen von ihrer Arbeit an einzelnen 
lnstrumenten, besonders D 19A, wurde 
die Datenerfassungsgruppe fur die Ver­
einheitlichung des Formats korrigierter 
Daten herangezogen, um die Verwen­
dung von standardisierten Analysepro­
grammen zu ermiiglichen. 

Im Elektronikbereich ist eine klare Hin­
wendung zum Gebrauch von Mikropro­
zessoren zu verzeichnen ; Systeme zur 
Vereinfachung der Programmierung und 
von Tests wurden eingef0hrt. Die Stan­
dardisierung auf Camac-Controller der 
Firma DEC wurde weitergetrieben. 

Abgesehen von wenigen Ausnahmen 
sind die lnstrumentensysteme sehr zuver­
liissig. Angesichts der schnellen Erhii­
hung der Anzahl dieser System in Dauer­
betrieb ist dies eine sehr gelungene 
Leistung. 

Auf dem Gebiet der Detektoren bestand 
die Hauptleistung in der Fertigstellung ei­
nes 8000 Zellen-Multidetektors fur D 19, 
nachdem viele technische Probleme ge­
liist werden konnten. Fur die Zukunft 
werden die relativen Vorz0ge der Gas -
und Festkiirpertechnologien fur grossflii­
chige ortsempflindliche Detektoren sorg­
fiiltig 0berpr0ft. 

Das Management-lnformationssystem 
MISSILL, welches urspr0nglich auf die 
Automation des Wissenschaftlichen Se­
kretariats und auf damit verbundene 
Dienste tor Gastforscher beschriinkt war, 
wurde auch auf das Projektb0ro und auf 
die B0ros erweitert, die sich mit Dienst­
reisen und Strahlenschutz befassen. 
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Introduction 

1982 a ete une annee de stabilisation, de 
perfectionnement general et de planning 
pour le futur. 

Le nouvel ordinateur central DEC-1091 a 
termine sa premiere annee de fonctionne­
ment normal. Apres quelques problemes 
pendant la premiere periode, le systeme 
tourne maintenant de fai;:on reguliere 
avec tres peu d'interruptions dans 
!'exploitation. Le long arret du reacteur 
au printemps a entraine pendant un cer­
tain temps un ralentissement dans !'utili­
sation normale de la machine, mais ii est 
clair a present que la charge de travail est 
considerablement plus elevee que prevue 
et laisse apparaitre deja quelques signes 
de saturation. 

Un certain nombre de projets sont en 
cours pour ameliorer les communications 
avec les ordinateurs ainsi que les commu­
nications entre ordinateurs. L'installation 
d'un reseau d'ordinateurs est en cours, 
avec pour but principal de faciliter le 
transfert de donnees vers le DEC-10. 
Ainsi, fin 1982, environ 20 ordinateurs 
gerant les instruments ont ete connectes. 
En parallele, un dispositif aiguilleur per­
mettra, quel que soit l'equipement qui lui 
est connecte, a tout terminal d'etre relie a 
n'importe quel calculateur . 

Uniquement du point de vue controle 
d'instruments {ordinateurs et electro­
nique) on peut noter en particulier 
- !'implantation et les tests de recons­
truction des systemes IN 1 B, IN 8B, 
- les travaux sur !'acquisition de don­
nees sur D 19A, conduisant a une speci­
fication technique affinee sur I' ordinateur 
de D 19B, 
- les ameliorations d'IN 6, IN 13 suite a 
leur mise en route dans le service general, 
- des modifications importantes sur 
D 5, D 7, IN l0etlN 11. 

En plus de son travail sur des instruments 
particuliers D 19A, le groupe de traite­
ment des donnees s'est efforce d'unifier 
les formats pour les donnees corrigees, 
de standardiser les logiciels d'analyse de 
donnees. 

Du point de vue electronique, ii y a preci­
sement une nette tendance vers !'utilisa­
tion des microprocesseurs, pour lesquels 
on a ameliore la programmation ; des 
facilites de test sont en cours de develop­
pement. La mise en place du contoleur 
CAM AC au standard DEC suit son cours. 

A part quelques exceptions, la fiabilite 
des systemes d'instruments est bonne. 
C'est une excellente reussite etant donne 
l'accroissement rapide du nombre d'equi­
pements dans le service. 

Dans le domaine des detecteurs, le prin­
cipal resultat a ete la livraison d'un multi­
detecteur a 8 000 cellules pour D 19, 
malgre de nombreux problemes techni­
ques qui ont ete resolus. Pour le futur, 
pour les detecteurs de grandes dimen­
sions, les merites relatifs des detecteurs a 
gaz et a scintillation font I' objet d' etudes 
comparatives. 

Le systeme de gestion informatique 
"MISSILL", qui se limitait auparavant a 
I' automatisation du secretariat scienti­
fique et aux services ayant rapport avec 
les visiteurs scientifiques, a elargi son 
domaine pour inclure les missions, les 
enregistrements de radiation et le bureau 
des projets. 



instrument control 
and data ac_quisition service (sciad) 
This service is responsible for the construction, im­
provements and maintenance of instrument control 
systems, detectors and electronic equipment gen­
erally. 

Summary of Instrument Control 
Systems at the end of 1982 

In Routine Operation: 

Carine2: IN 2, IN 3 
Nuclear physics mini-network: PDP 11 / 23 data 
concentrator. 
PDP 11 son GAMS 1 / PN 4, PN 2, GAMS 2/ 3. 

Free Standing Systems: 

PDP 11 s (various): IN 4, IN 5, IN 6, IN 10, IN 11, 
IN 13, D 3, D 4, D 5, D 7, D 8, D 9, D 10, D 11, 
D 15, D 16, D 17, D 19A, PN 1. 
Plessey Micro 1 or 2: D 1 A, D 2, D 18, S 3A 
Solar 16 / 40: IN 88, IN 12, D 1 B 
Macamac: D 13A/ B/ C, S 38. 

Under development and test: 

PDP11 / 24: PN 8 
Solar 16 / 40 : IN 1 B. 

Under design: 

IN 20, D 28, D 198, D 20. 

New instruments 

Of the three instruments being constructed on 
the new H 11 guide, D 28, D 198, D 20, the most 
straightforward is D 28 which will have a standard 
data acquisition chain and a PDP 11 / 24 computer. 

D 19 B has been the subject of extensive study, 
particularly in respect of data acquisition. The raw 
data will arrive at too high a rate (an 8000 word 
matrix every 4 seconds in the most extreme case) to 
follow the traditional procedure of transfer to the 
DEC-10 for subsequent treatment. The only real­
istic solution is to immediately reduce the raw data 
to integrated peak counts. Two alternative algo­
rithms for doing this have been tried out on data 
derived from D 19A and D 17, both of which can 
simulate, albeit at a lower flux, the conditions ex­
pected on D 198. The techniques are now under­
stood, and indicate the need for an on-line corn-

puter considerably more powerful than those so far 
installed on instruments. Data inspection facilities 
on D 198 will include a VS 11 colour graphics 
terminal, which has been provisionally installed on 
D 19A. The 8000 cell multidetector was installed 
on D 19A in June and has since then been under 
evaluation. 

D 20 is in a less advanced state. The choice of de­
tector will depend on the evaluation of gas and solid 
state prototypes. 

On PN 8, which uses commercially available 'Can­
berra' electronics, the principal contribution from 
the Department has been to provide facilities via the 
PDP 11 / 24 for live display and on-line treatment of 
data . 

Rebuilt instruments 

Within the Carine replacement project, work has 
continued to resolve the remaining control 
problems on IN 88. For IN 1 B the multiwire de­
tector and all electronics are available, as is most of 
the software (being in large measure copied from 
IN 8 B). For the associated project D 4 B, the 
64 x 16 cell multidetector is available with new 
faster logic. Control electronics is complete and the 
software has been improved . 

On D 78, in parallel with the new electronics, 
major revisions have been made in the software, 
which, at the request of the scientist responsible, 
now offers Basic as applications programming 
language. Support for the polarisation mode is in 
hand. 

Other instruments 

All instruments undergo continuous improvement, 
in the light of users reactions and changing require­
ments. Such changes usually necessitate modifica­
tions somewhere in the detection/ control/ data ac­
quisition subsystems. It is only possible to mention 
here some of the more significant of these. 

On two recently released instruments, IN 6 and 
IN 13, improvements have been made following 
initial operational experience. On IN 6 the control 
of incoming data during acquisition has been 
improved, and automatic data transfers to the DEC-
10 is more reliable. It is hoped to make some of 
these features available on IN 4 and IN 5. On IN 13 
the improvements relate mainly to control and read­
out of temperature. 

Improvements to the 4-circle diffractometer 
software package are especially effective, as this is 
available on so many instruments, including, now, 
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D 2. Temperature control facilities on D 8 , D 9, 
D 10 have been redesigned. 

IN 10 now has automated Doppler drive and re­
mote temperature control. The new PDP 11 /23 is 
running with an improved operating system and 
display facilities. 

On D 5 a considerable amount of program develop­
ment has been undertaken, some in connection 
with instrument modifications (cryoflipper, furnace) 
some improving the data handling, on which little 
had been done before the instrument acquired a 
PDP 11 /34 . Inelastic experiments are now fully 
supported. 

D 11 and D 17 have a DEC CAMAC controller and 
largely rewritten program library and data transfer 
program. 

Network studies 

Design of the main ILL Computer Network has 
benefitted from two small networks already in 
operation. One provides the~- and y-spectrometers 
(PN 2, GAMS 1 /2/3, PN 4) with common data 
handling facilities, in particular a pen plotter to 
output the very complex spectra which are such a 
feature of these instruments. The other is an experi­
mental prototype using DECNET and linking a 
number of computers within the Service. One 
should also note that the PDP 11 /34 and PDP 
11 /23 which together control D 16 have been 
linked by DECNET. (The main Network project is 
described later). 

Maintenance 

ILL being an organisation with a service role, effi­
cient maintenance of operational equipment is 
essential. This comprises scheduled preventive 
maintenance, prompt response to breakdowns, 
fault identification and repair. It is an activity to 
which less glamour attaches than research, design 
and implementation, so a special effort has to be 
made to assure the staff concerned that conscien­
tiousness in this field is really appreciated by the 
management. 

Whereas software, electronics and detector main­
tenance are usually the responsibility of whoever 
supplied it, computer hardware maintenance is 
handled by a Group established for that purpose. 
One has attempted to simplify their task by stan­
dardising equipment, but this is to some extent 
vitiated by rapid changes in technology which make 
new products financially and technically attractive, 
and by the lnstitut's purchasing rules. By way of 
example, there are 13 different types of memory 
and 6 different types of disc installed on the 
various PDP-11 computers. The sheer quantity of 
equipment is also increasing rapidly, the number 
of terminals having increased dramatically in 
recent years. The group is in addition responsible 
for cabling of computers and links. Apart from 

work for the Network, the whole lnstitut has been 
rewired for terminals. 

Maintenance of detectors is also absorbing increas­
ing amounts of time, especially with the installation 
of position sensitive detectors on many instru­
ments. 

Electronics development 

Studies on the control of stepping motors continue, 
with the aim of having smoother acceleration. 

Work on 'external' memories, which hold the 
instantaneous neutron counts for each channel, 
continues. Modules of 128 K 16-bit words are now 
in routine use, with a new microprogram-controlled 
display of contents. 

Various projects are in hand for stabilised power 
supplies, frequency meters, alarms of emergency 
power supplies etc. 

With the aim of improving efficiency of production 
and testing of electronic units, the Service has 
acquired a PDP 11 /24 for development of CAMAC 
modules and supplier-independent microprocessor 
work, together with a development system specific­
ally for Intel 16-bit microprocessor work. 

Electronics loan service 

A stock of portable electronic equipment is 
available on loan to scientists and technicians. 
All returned equipment is carefully tested, and if 
necessary repaired, before being reissued . The 
quantity of equipment necessary to assure a good 
service is always under review. In a research en­
vironment it is undesirable to have too rigid a 
system and the period of loans has to be flexible. 

Detector development 

Although the successul installation of the multide­
tector on D 19 has demonstrated that the tradi­
tional ILL gas detector design can be applied to 
large area position sensitive devices, it is clear that 
other technologies are being developed rapidly. 

With its heavy load of maintenance work, the ILL 
Detector Group has no spare effort available to 
independently investigate alternative designs, and 
has opted rather to collaborate with other in­
stitutes. Facilities have been provided for the 
Rutherford Laboratory to test out their prototypes, 
including a small Anger camera which has been 
used on D 9. There is also collaboration with CERN 
and EMBL on gadolinium detectors. 

Meanwhile it is believed that better resolution for 
He3 detectors can be obtained by using new gas 
mixtures and more sophisticated electronic 
methods for position sensing. 
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central computer service 

A year's experience with 
the system DEC-1091 

After the shut-down of the DEC-1070 on 30 
October 1981, all the scientific programs were 
transferred without any particular problems. There 
were simply a few difficulties in recovering some 
old files stored on 800 bpi magnetic tapes of the old 
system. 

The environment 

Several months passed before the environment of 
the Computer (air conditioning, electrical supply, 
arrangement of equipment in the machine room) 
reached a satisfactory stability. The installation of 
equipment continued until February: old DEC-1070 
peripherals, network concentrators, final installa­
tion of the automatic fire extinguisher system. All 
these operations caused some disturbance to 
operations and affected the level of cleanliness of 
the rooms; at the end of February we had to ar­
range for a very thorough spring-cleaning of the 
machine room. 

Operation of the DEC-1091 
and its peripherals 

The first eight months of operation were charac­
terized by a system instability due to backplane 
problems in the CPU. These problems sometimes 
resulted in unexplained "crashes", sometimes iden­
tified as a CPU error. 

Initial intervention work was carried out in 
February; some modifications to the wiring were 
effected after an examination of the junctions. The 
problems became more serious again in May and 
the CPU and backplane were replaced in June. 
Since then the system has operated satisfactorily. 

Utilisation of the DEC-1091 

This was greater than that anticipated for the first 
year. The number of terminals was increased pro­
gressively to about forty for all the scientists. 

Until September there were certain variations in the 
load, but this was generally not critical. However, 
since September this load has tended to stabilize at 
a sufficiently high level to make response times 
non-negligible. The standard system parameters 
have so far been maintained, but it will be ne­
cessary to undertake a study of the influence of 
these parameters in order to give them values 
favouring the interactivity of the programs. 

Operations 

The conversion procedure for 800 bpi to 1600 bpi 
magnetic tapes started in 1981 was continued and 
completed in March 1982. This work was done 
with the aid of an operator provided by an external 
firm. A certain number of old tapes could not be 
completely recovered, but in general this operation 
was completed without the loss of any important 
files. 

With effect from 1 / 1 /82, following the reduction in 
working hours by one hour, the operator cover was 
reduced by half an hour per day (a quarter hour for 
each shift period) except for Mondays. 

The employment of a half-trrhe operator (external 
personnel until June and ILL employee from July) 
made it possible to provide supervision on Satur­
days. At night and on Sundays the system operates 
in self-service mode. 

With the aid of the SCIAD Maintenance Group the 
Operations Group dealt with the distribution and 
installation of new and old terminals. 

For archiving of experimental data we reserve two 
400 Megabyte disks for the storage of experimental 
data, to facilitate access to them; the first disk 
receives the data from the current reactor cycle, the 
second contains all the data from the preceding 
cycle. The Group has taken charge of the archiving 
of these data on tape. 

System utilities 

Certain problems appeared in the implementation 
of the monitor 701. Contacts were made with the 
DEC Remote Diagnosis Centre at Valbonne to re­
solve these problems. A certain number of correc­
tions were made in the monitor code. In general the 
major work on this system concerned the integra­
tion of the network modules. 

A new version of Fortran (version 6) has been in­
stalled and tested, but maintained as an experi­
mental product because of its performance. This is 
an intermediate version between the existing For­
tran and Fortran 77. 

System or utility programs: 

As every year part of the activity of the group has 
consisted of modifying and adapting certain utilities 
in accordance with the ILL's requirements. 

A program for communication with other centres 
via magnetic tape is being rewritten. This product 
will make it possible to transfer experiment data in a 
general format accessible on all types of machine 
and using all types of Fortran, and to create tapes in 
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a very conversational manner; it will therefore not 
require any particular knowledge of tape formats on 
the part of the user. 

An archive file management program has been 
written and permits any user to interrogate a cata­
logue; he is thus informed quickly about all his files 
in the archive and where they are to be found. 

A control program for the DEC-10 statistics file has 
been written and refined to permit us to produce 
more reliable statistics. 

Principal purchases 
of equipment 

Purchase of a model 1212, 79 cm BENSON plotter 
to replace the CALCOMP plotter. 

Daisy wheel printer for very high quality typing . 

8-colour TEKTRONIX flat-bed plotter. 

A terminal switching concentrator for access to a 
number of computers. 

This system will have the advantage of covering a 
certain number of terminals which will no longer be 
directly connected to a computer, but which can be 
connected to any of several computers by a single 
command to the switching device. Thus the scien­
tists will have access to the DEC-10 from their in­
struments; certain DEC-10 terminals close to scien­
tists' offices will be usable for access to instrument 
computers; the access to word processing systems 
will also be facilitated. 

Computer network 
(in collaboration with SCIAD) 

During the first half of 1982 we connected new 
computers to the DEC-1091 in accordance with an 
ILL protocol developed in previous years and using 
asynchronous transmission lines. The number of 
computers thus connected has reached about 
twenty. In particular the Reactor Computer has 
been connected for archiving and analysis on the 
DEC-10 of all relevant information on the operation 
of the Reactor. 

The decision to set up at ILL a new network of com­
puters with a greater capacity and better commu­
nication facilities led to the choice of the DECNET 
standard and of the ILL protocol for systems not ca­
pable of supporting DECNET. Network concen­
trators installed at the beginning of the year provide 
communication channels with the DEC-10 by 
means of high speed synchronous lines; on the in­
strument side, each concentrator connects a cer­
tain number of computers by medium or high speed 
synchronous procedures. 

Automatic transfer tasks for experimental data have 
been developed and refined both for the RSX 
systems operating in the DECNET environment and 

for the other systems operating in the ILL protocol 
environment. The DEC-10 developments concern 
the adaptation of the communication modules to 
the DECNET protocol of the other systems and the 
creation of communication tasks for dialoguing 
with similar tasks on other computers for the 
transfer of data and standard files. 

Thus with the installation of this new communica­
tions standard the majority of the instrument com­
puters have been gradually transferred to the new 
protocol starting in July 1982. 

The instruments currently connected to the new 
Network are D 4, D 5, D 8, D 9, D 10, D 15, D 16, 
O1B, 019, IN4, IN5, 011, 017, 07, IN1B, 
IN 8, IN 12, PN 1. Only IN 13, IN 10, D 2, D 1A, 
IN 6, D 3, GAMS, and PN 6 are still connected 
with the old network. 

Graphics 

As last year an effort has been made to improve the 
transfer of graphical images to the DEC-10 peri­
pherals. 

A system of spoolers makes it possible to send the 
plot files produced from different libraries to the 
BENSON, VERSATEC, TEKTRONIX, the TEK­
TRONIX flat-bed plotter and the PRINTONIX matrix 
printer. 

A GRASPL software has been written and tested 
for the control of the TEKTRONIX flat-bed plotter; 
this makes it possible to produce plots using 
standard libraries and from text available in 
standard files. 

Improvement of the plot libraries; new subroutines 
available for 3-dimensional representation. 

Mathematics 

In 1982 new software was provided for the users in 
different fields: 

EDA (exploratory data analysis) which implements 
a certain number of qualitative and quantitative 
statistical techniques, permitting an initial rapid 
analysis of results (both graphical and numerical). 

ITPACK, which implements numerical resolution 
techniques of large sparse linear systems of equa­
tions by iterative methods. 

RATFOR, which implements the preprocessor 
RATFOR permitting programs to be written in 
structured Fortran, while maintaining Fortran as 
input language. 

MATLAB software, permitting the interactive use 
of the EISPAC and LINPAC libraries (calculation of 
eigenvalues and eigenvectors, and resolution of 
linear systems). 
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In 1982 some formal calculations connected with 
crystallography were finally completed. The results 
should appear in a monograph: linearisation table of 
products and powers of structure factors (of pow­
ers up to 4). 

Finally, studies and experiments were carried out 
on the generation of random numbers on DEC-10 
and PDP-11 (fundamental and effective periods, 
adequation test of X2

, Knuth spectrum tests prog­
rammed with the aid of the BRENT multiple preci­
sion software, and using the preprocessor AUG­
MENT, portability, etc.). 

Word processing 

The purchase of a daisy-wheel printer has enabled 
certain scientists to increase their activity in the typ­
ing of scientific documents. Despite the shortage of 
software available on the DEC-10 for this work, this 
has shown the scientists' interest in this activity. 

The service has also undertaken the preparation of 
technical documents on the computer. Thus the 
new DEC-10 user manual has been produced by 
two operators. Revisions of this manual will be 
easier in future. 

data treatment group 'gratin' 

The Data Treatment Group has a general role of 
surveying and advising on data treatment in gen­
eral, and intervenes to resolve particular problems 
or to improve programs in specific areas. It suffered 
during the year from the departure of the engineer 
responsible for the nuclear physics area, a defi­
ciency which it is hoped to remedy in the near fu­
ture. 

A primary strategy has been to define data formats 
for corrected data which permit a variety of instru­
ments which are used in conjunction on many pro­
jects to share analysis programs even when raw 
data formats are necessarily incompatible. There is 
a general advantage which accrues, namely that of 
increasing the total number of paths for analysis. In 
addition it simplifies and increases the attraction of 
export of data at this stage for final analysis, or con­
tinued treatment. This year there has been con­
siderable consolidation of this concept, especially 
amongst the Vercors group instruments, where the 
same experiment is frequently reperformed on 
several instruments, depending on resolution, and 
range requirements. An interactive program suite 
for powder diffraction instruments is now under 
preparation. 

Secondly, by avoiding many attractive though 
system dependent extensions to the FORTRAN 

language, an increasing number of programs are 
being written to run under all the principal com­
puter systems in use at ILL, and are hence often 
simple to adapt for external use. Combining both 
these characteristics a data fitting package has 
been assembled which should be of considerable 
general use, and already the kernel routines have 
been used extensively for analysis of both time-of­
flight and data, and where in each case physicists 
have been able to build on the skeletal basis 
provided by the Group. 

Data treatment schemes initially developed for the 
IN 6 spectrometer have been implemented on IN 4 
and IN 5, and also on the Central Computer. 

The work described earlier on D 19 A data reduc­
tion was in large part carried out by the Group. 
Graphics packages designed for that instrument 
have been generalised and made available on the 
DEC-10. During the studies on data reduction algo­
rithms it became clear that a better understanding 
of statistical analysis techniques would be useful. A 
course on statistics given by an external lecturer 
was organised in collaboration with interested 
scientists. The Central Computer Service is assist­
ing with the installation of new subroutines in this 
field. 
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management information 
system and office automation 

An automated information service was first set up 
in 1980 to serve the Scientific Secretariat and the 
Library. Once this was in routine operation and the 
benefits evident, a large number of requests were 
received to provide facilities in other areas. During 
1982, therefore, the service was extended to cover 

Not only the experimental equipment and the HFR undergo a 
rejuvenation, also the efficiency of ILL 's office work is 
continuously improved. The picture shows a specialist for 
office automation at work. 

travel costs (ILL staff and visitors) 
radiation dose records 
Project Office 
telephone directory 

whilst many improvements were made to the 
original package. 

The PDP 11 /34 which runs the service is becoming 
heavily loaded, with 12 terminals attached and 
about 25 regular users. The new projects currently 
in hand, 

management of radioactive sources 
information relating to guest scientists 
sitewide information service 

probably represent a limit to what can be handled 
with the present configuration. 

A survey of office automation systems has been 
made, with particular reference to the typing of 
scientific papers. It is hoped to make a start with a 
small number of workstations in 1983. 
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Einleitung 

Die Verwaltungsabteilung ist fur die ad­
ministrativen Aufgaben des lnstituts zu­
standig. Sie unterstutzt den Direktor, 
den wissenschaftlichen Bereich sowie 
alle Gbrigen Abteilungen und Dienste 
bei der Abwicklung ihrer Tatigkeiten 
und erbringt die dazu notwendigen ver­
waltungstechnischen Leistungen. Sie 
stellt sicher, dass die zur Verfugung ste­
henden Mittel richtig und wirtschaftlich 
genutzt und die entsprechenden Rege­
lungen, Richtlinien und Anweisungen 
beachtet werden . 

Die Verwaltungsabteilung ist in drei 
Gruppen aufgeteilt : Personalabteilung, 
Finanzabteilung, Sozialabteilung. Zur 
Verwaltungsabteilung gehoren asserdem 
die betriebsarztliche Betreuung und das 
Obersetzungsburo. Sie stellt das Sekre­
tariat fur den Lenkungsausschuss, be­
reitet seine Sitzungen sowie die der 
Unterausschusse vor und fuhrt seine 
Beschlusse durch. 

Das Jahr 1982 war fur die Verwaltung 
insbesondere durch eine Reihe zusatzli­
cher Aufgaben im Personalbereich ge­
kennzeichnet. Hierzu gehort zum einen 
die Obernahme von 35 bisherigen Leih­
arbeitnehmern auf ILL-Arbeitsvertrage, 
die ohne Schwierigkeiten und in enger 
Abstimmung mit den bisherigen Arbeit­
gebern, den aufnehmenden Depart­
ments sowie den Sozialpartnern erfolg­
te. Die Eingliederung der verbleibenden 
23 Leiharbeitnehmer ist fur 1983 vorge­
sehen. Weiterhin war der umfangrei­
chen neuen franzosichen Gesetzgebung 
auf vielen Gebieten des Personalwe­
sens Rechnung zu tragen. Schliesslich 
konnten die Verhandlungen Gber die 
Anderung und Verlangerung des Be­
triebstarifvertrages im wesentlichen zum 
Abschluss gebracht werden . 

Auf dem Finanzsektor wirkte sich der 
Reaktorstillstand vom Fruhjahr 1982 
durch nicht unerhebliche Mitteltransfers 
aus, die zwischen einzelnen Budgetkapi­
teln und Kostenstellen erforderlich wur­
den. 

Die auch 1982 fortgesetzten Bemuhun­
gen um eine ausgewogene Beschaf­
fungsaufteilung zwischen den drei Mit­
gliedslandern fuhrten wiederum zu zu­
friedenstellenden Resultaten. 

Introduction 

The Administration and Finance Depart­
ment deals with all administrative matt­
ers at the ILL. It is required to give ef­
fective support to the Director, the 
scientific area, and all departments and 
other units in the lnstitut in carrying out 
their functions, and to provide the ne­
cessary administrative services. It en­
sures that the available resources are 
correctly and economically used and 
that the appropriate regulations, guide­
lines and instructions are observed . 

The administrative functions are carried 
out by three groups: personnel, finance 
and "relations sociales" (welfare) . The 
Administration Department also in­
cludes the medical service and the 
translation office and provides the 
Secretariat of the Steering Committee, 
prepares its meeting and those of its 
Subcommittees, and implements its de­
cisions . 

This year 1982 was characterized by a 
series of additional tasks in the person­
nel sector. One of these involved the 
transfer of 35 former contract staff to 
ILL contracts. This took place without 
difficulty and in close consultation with 
the previous employers, the depart­
ments receiving these employees, and 
the unions. The integration of the re­
maining 23 contract staff is scheduled 
for 1983. Moreover attention had to be 
paid to the comprehensive new legisla­
tion in France affecting many aspects of 
personnel administration . Finally, the 
negotiations on the amendment and ex­
tension of the Collective Agreement 
were essentially concluded . 

In the finance sector the reactor shut­
down in spring 1982 resulted in con­
siderable transfers of funds becoming 
necessary between individual budget 
sections and cost-centres. 

The continuing effort towards a bal­
anced distribution of purchases bet­
ween the three member countries again 
brought satisfactory results in 1982. 
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Introduction 

Le Departement Administratif et Finan­
cier est charge de traiter les affaires a 
caractllre administratif de l' I LL. II a pour 
tache d'apporter un soutien efficace au 
Directeur, au domaine scientifique et a 
tous les departements et autres unites 
de l'I nstitut afin de leu r permettre d' exe­
cuter leurs fonctions et d'accomplir les 
travaux concernant le domaine adminis­
tratif . II assure !'utilisation correcte et 
economique des moyens disponibles 
ainsi que !'observation des reglements, 
directives et instructions. 

Trois groupes accomplissent les fonc­
tions administratives : Service du Per­
sonnel, Service Financier et Achats, 
Service Relations Sociales. Le Departe­
ment Administratif et Financier com­
prend egalement le Service Medical, le 
Bureau de Traduction et assure le 
Secretariat du Comite de Direction, pre­
pare ses reunions et celles de ses sous­
comites, puis met en pratique ses deci­
sions. 

En ce qui concerne I' Administration, 
l'annee 1982 a ete caracterisee principa­
lement par une serie de travaux supple­
mentaires dans le domaine du per­
sonnel. II s' agit entre autre de !'integra­
tion de 35 regiels au personnel ILL, qui 
s' est realisee sans difficulte et en accord 
etroit avec leurs employeurs respectifs, 
les Departements concernes de l' ILL et 
les partenaires sociaux. L'integration 
des 23 autres regiels est prevue pour 
1983. De plus ii a fallu prendre en 
compte la nouvelle legislation fram;:aise, 
tres fournie, concernant de nombreux 
secteurs de la gestion du personnel. Les 
negociations concernant la modification 
et la prolongation de la Convention 
d'Entreprise ont egalement pu aboutir a 
un accord. 

Dans le domaine financier I' arret du 
reacteur au printemps 1982 s'est traduit 
par de nombreux transferts de credits, 
qui se sont averes necessaires, entre 
chapitres et services budgetaires. 

Les efforts, egalement poursuivis en 
1982, pour parvenir a une repartition 
equilibree des achats entre les trois pays 
membres, ont conduit a de bons resul­
tats. 



personnel 
The personnel Section is responsible for recruitment, salaries, staff management, and the administrative 
aspects of external visits and guest scientists. It also deals with correspondence with the Social Security 
and the administrative work for the "Societe Mutualiste" for ILL staff. 

Staff 

The ILL staff increased considerably in 1982, mainly because of the incorporation in the staff of 35 
employees of external firms working at the lnstitut. This measure, indentical to that implemented at the 
CEA, and already envisaged in 1981 because of new French legislation, started on 01.06.82 and is 
expected to continue until 31.05.83 with the probable incorporation of 23 additional personnel in 1983. 

Table 7: Staff changes in 1982 

Changes in 1982 

Categories Position on Recruitment Departures Difference Position on Change% 
31 .12.81 + or - 31 .12.82 column 4 

compared 
with 

column 2 
(1) (2) (3) (4) (5) (6) (7) 

1 . Scientists 72 16 14 + 2 74 19.44 
2 . Engineers 54 2 1 + 1 55 1.85 
3. Other "Cadres" 8.5 2 1 + 1 9.5 11 .76 
4. Thesis students 27 8 5 + 3 30 18.51 
5 . Technicians 162 7 3 + 4 166 1.85 
6. Others 110 32 .5 2 + 30.5 140.5 1.81 

Total 433 .5 67 .5 26 + 41 .5 475 5.99 

Table 8: Breakdown of staff by nationality and percentages by nationality within the staff 
categories. 

STAFF AT 31 .12.82 
U.K. 81 
France 302 .5 
Germany 73.5 

OTHERS % Others 18 
475 

Scientists 11 

◄ 
Engineers 
Other Cadres 
Thesis Students 3.4 
Non-cadres Technicians 1.2 
Non-Cadres others 5 

U.K % 
Scientists 27 
Engineers 12.7 
Other Cadres 31.6 
Thesis Students 33.3 
Non-Cadres Technicians 17.5 
Non-Cadres others 8.5 

GERMANY % 
Scientists 35 

◄ 
Engineers 16.3 
Other Cadres 26 .3 
Thesis Students 30 

FRANCE % Non-Cadres Technicians 8.4 
Scientists 27 Non-Cadres others 9.3 
Engineers 71 
Other Cadres 42.1 
Thesis Students 33 .3 
Non-Cadres Technicians 72 .9 
Non-Cadres others 77 .2 
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Fig. 25: The changes in staff by nationality from the foundation of the ILL until 1982. 

Salaries 

Individual pay increases at ILL (following the CEA) were limited to a total of 8% during 1982. These 
increases raised salary costs for 1982 by 5.2% in comparison with 1981. In addition, the increases 
already made duing 1981 raised 1982 costs by 5.9%, giving a total increase of 11.1%. 

The percentage of the staff costs budget devoted to real growth (advancements, increases, social security 
charges, seniority) was 2.8% 

The overall increase in the total payroll in 1982 was 13 .9 % . 

Average Age 

Average age 
38.2 

Age 

20 to 29 16.5% 

30 to 39 43 .9% 

40 to 49 29 .6% 

50 to 65 10.0% 

Average age 
35.5 

Age 

20 to 29 28.8% 

30 to 39 39.7% 

40 to 49 26.0% 

50 to 65 5.5% 

Average age 
37.8 

Age 

20 to 29 18.4 

30 to 39 43 .2 

40 to 49 29.0 

50 to 65 9.4 

Fig. 26: The average age of staff at 31112 1982. In 1981 this was 37 years for the total staff, 37.3 for men and 35.4 for women . 
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The Director presented medals for 25 years industrial service to 10 ILL staff members. 

8 .E.F. Fender with K. Amal (left) and L. Bauchat (right). 

- 129 -



Guest scientists 

In 1982 the ILL received a total of 1 710 visitors. This number includes visits for: 

Reactor use 
Scientific Council 
Workshops 
Seminars 
Sabbaticals 

In comparison with 1981 , with a total of 1 624 visitors, a slight increase of 5.3% is noted. 

Fig. 27: Break-down of the number of guest scientists by nationality. 
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welfare 

The Welfare Section ("Relations Sociales") deals 
with general services (reception, post, drivers, re­
prography, cafeteria) problems of new arrivals, 
settling-in of families, housing, schools, and staff 
training. 

It also provides administrative support for the 
medical service and the welfare adviser. 

General Services 

In 1982 the receptionists welcomed nearly 1800 
people to the ILL. The formalities are being com­
puterized to make them quicker and simpler par­
ticularly for reactor users, and to ensure easier 
coordination of information within ILL. 

The reprography workshop handled 310 different 
originals such as technical notes, scientific re­
ports, theses and reactor cycle reports, and 
produced 4000 documents in bound format. 

Reception and Settling-in 
of Families 

Accommodation for Staff 
and Guest Scientists 

At the end of 1982 the ILL had 14 furnished 
flats. During the year, flats were sublet to 52 dif­
ferent families or group of scientists, whose stays 
ranged from a few days to several months. 

The quest for flats or houses to rent on the 
open market proved particularly difficult in 1982. 
The section was nevertheless able to assist 40 
families. 

Twenty loans (up to 30.11.82) have been provided 
for a total value of 751,650 francs under the 
"0.9%" law on aid for housing. The law has 
been made more flexible and now permits loans 
to be granted to all employees matched to their 
means and family responsibilities. 

Schools 

Numbers of children registered at the beginning 
of term in September 1982: 

Ecole de la Houille Blanche : 
(International Primary School) 

- 59 children of English and German mother 
tongue, including 34 children of ILL staff and 
guest scientists 
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College d'Enseignement Secondaire et Lycee 
des Eaux Claires (Secondary Schools) : 

- 39 children of English and German mother 
tongue, including 18 children of ILL staff and 
guest scientists. 

The ILL provides 9 teachers for these schools (in­
cluding 6 part-time). 

A financial contribution is required from non­
French parents not associated with the ILL. 

Staff Training 

Language courses are still dominant: 

approximately 75 persons attend FRENCH 
classes organized by the section each year. These 
courses are free to ILL staff and long-term guest 
scientists, and their spouses. They are also 
available, on payment, to scientists at CNRS or 
the Centre d'Etudes Nucleaires de Grenoble. 

38 members of staff were enrolled in 1982 for 
various levels of advanced classes in ENGLISH. 

There has been a revival of interest in GERMAN 
during recent months: 15 French and British staff 
have enrolled for beginners' or advanced courses, 
either daytime or evening classes. 

About 80 staff participated in scientific and 
technical courses, mainly to improve their know­
ledge of their own field. The majority of these 
were on computing, micro-computers and pro­
grammable control devices. In addition a one-week 
course on vacuum techniques was organized in 
English for the benefit of British technicians at ILL. 

There is good cooperation ant the preparation ot 
the Training Plan between the various ILL depart­
ments, the training sub-committee of the Works 
Committee and the training section. 

The sum available for training amounts to approx­
imately 1 .4 % of the total payroll. 

Medical Service 

Since the beginning of 1982 the medical service 
has been accommodated in larger, better de­
signed rooms. New equipment (eye testing appa­
ratus, oscillometer, etc) is now available to the 
works doctor and the nurse, which makes it pos­
sible to carry out detailed examinations at ILL, 
thus avoiding the need for staff to go elsewhere. 

Depending on where they work, ILL staff and 
long-term guest scientists are required to attend 
one or two regular medical examinations per year, 
plus special examinations on the instructions of 
the works doctor (blood and urine tests, chest 
X-rays, electrocardiograms, etc.). 



finance 

Budget and Accounts 

Introduction 

The 1982 Budget was authorised with a provision 
for a 10 % inflation rate, plus an additional reserve 
of 2 % , and a further reserve of 1 million Francs 
to cover the exchange rate risk associated with 
the fuel element budget. Apart from staff costs, 
no real growth was possible for any of the head­
ings of the operation budget. Several increases 
were in fact considerably higher than 10 % (e.g . 
electricity, tax on nuclear installations) . It was 
only possible to finance these by drawing on the 
2% inflation reserve. 

Since June 1982 the ILL Management, in ac­
cordance with French legislation, initiated the 
process of incorporating 58 contract personnel in 
the ILL staff. Of these 35 were incorporated in 
1982 with the aid of a transfer of funds from the 
various user departments of the order of 1.78 MF 
to the staff costs heading. 

The reduction in the number of reactor cycles to 
5 (instead of 6) in 1982 made possible a number 
of savings, particularly on fuel elements and guest 
scientists, amounting to a total of approximately 
2 MF, which was completely used to cover addi­
tional expenditure on the reactor. 

In 1982 the total expenditure reached 212 .5 MF 
excluding taxes (normal and modernisation prog­
ramme budgets), 203.4 MF of which were fi­
nanced by the Associates, and 9 .1 MF by the 
ILL's own income. 

Implementation of the 1982 budget 

Normal Budget 

For 1982 the normal budget provided for a total 
expenditure of 181.1 MF (excl. taxes), 175.3 MF 
of which was to be financed by the Associates' 
grants (fig . 28) . 

According to the provisional annual accounts to 
31 .12 .82, expenditure in 1982 in comparison with 
1981 was as shown in Table 9 below (excluding 
taxes) . 

Fig. 28: Associates' contribution 1982: 203.4 Million F. 

Table 9: Normal Budget. Comparison of expenditure in 1982 and 1981 

bi Investments 
Buildings 
Equipment (except experimental instruments) 
Experimental instruments 
Other investments 

Total investments 

Total expenditure 

cl Income 
ILL'• awn Income 
Grants from Asaocia181 
Total Income 

i 981 
MF 

0.429 
3.146 
9.927 
3.065 

16.567 

158 .607 

5.462 
153.155 

158.607 
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% 
of total 

0.3 
2.0 
6 .3 
1.9 

10 .5 

100 .0 

3.4 
96.6 

100.0 

1982 
MF 

0.485 
4 .596 

11 .038 
3.738 

19 .857 

181 .159 

5.827 
175.332 

181 .159 

% 
of total 

0.3 
2.5 
6.1 
2.1 

11 .0 

100.0 

3.2 
96.8 

100.0 



In comparison with the preceding year, the opera­
tion expenditure increased from 142.0 MF to 
161.3 MF ( + 13.5%). If staff costs and fuel ele­
ments are excluded from this comparison, there is 
a reduction in real terms of 2 MF ( - 5 % ) in 
operation expenditure in comparison with 1981, 
when the operation budget was increased by 
drawing on the investment budget in order to 
cover the expenditure due to a long reactor shut­
down. 

In 1982 investments have increased by 7 % in 
real terms. 

Modernisation programme budget 

The complete modernisation programme planned 
to run from 1979 to 1985 was costed at 
104.2 MF (at 1979 prices) . At the end of 1982, 
62 % of the work had been done for 83 .2 MF at 
actual prices (64.6 MF at 1979 prices). 

The construction of a second guide hall, the re­
placement of a number of beam tubes, and the 
design and construction of the new horizontal 
cold source constitute the main investments 
initiated in 1982, which will be continued in 1983 
to 1985. 

Fig. 29: The Modernization Programme. 

at actual prices 
with forcasts 
al 1982 prices 

at 1979 prices 

31.8 MF 

The modernisation programme budget for 1982 
was 31.4 MF, of which 3.2 MF was covered by 
ILL's own income and 28.1 MF by the As­
sociates' grants. 

Table 10: 1982 Budget for the Modernization Programme (excluding taxes) 

1982 % 
MF of total 

a) Operation 
Conaumable mat8rialll and 1111111 equipment 
Staff~ 
l.ong-,1arffl .... 8"d,auppiy CDl1hCl8 
Odswork...,.. ..... fnlm 1hkdpardea 
TfllllPOlt, l8fflOVII and __. ...... 
Mllcelliheoua admWetla&Mi ... 
To1111. ___,,. ~ 
ILL's own income - 3.235 - 11.5 
Total operation 4.987 t7.7 
bi Investments 
Buildings 1.550 5.5 
Experimental instruments 19.634 69.8 
Other investments 1.964 7.0 
Total investments 23 .148 82 .3 

Total expenditure 28.135 100.0 
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ILL Budgets 1967-1982 and outlook 
for 1983-1987 ( 1982 prices) 

The graphs of ILL budgets from its foundation 
(1967) show the various phases of the lnstitut's 
development. 

M.F 
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Fig. 30: ILL Budgets 1967 to 1987. 

From 1967 to 1971 there was the construction 
phase for the buildings, the reactor and its asso­
ciated installations, leading up to the reactor 
going critical in December 1971 , which was fol­
lowed by normal operation from 1972 to 1979. In 
1979 the ILL's Associates decided to implement 
the modernisation programme. 

The changes in the total budget deflated to 1967 
prices show the increasing difficulties faced by 
the ILL in keeping the effects of inflation within 
the limits of its budget. 

Purchasing 

The peak of activity on the modernisation prog­
ramme, and the preparations for the accelerated 
renovation of the reactor, led to a surge of major 
purchases in 1982. Particularly noteworthy were 
contracts totalling 2.4 MF for nuclear quality 
aluminium alloy (split between VAW Leichtmetall 
and the Pechiney group), 3.1 MF for replacement 
beam tubes (1.5 MF to Nukem, Hanau, and 
1.6 MF to Neyrpic, Grenoble) , 0.9 MF for an 
ultra-high vacuum evaporator (Electrotech, UK), 
and 2.4 MF for the shielding of the trio of new 
instruments on beam H 11 (Sigri Electrographit). 

In September 1982 ILL was host to an exhibition 
of electronic equipment mounted by nine Bri tish firms. Mr. 
Alan Payne, Consul-General at Lyon, inaugurated the event. 

As in previous years, the ILL made great efforts 
to ensure that technically competent British and 
German firms were invited to quote for all 
worthwhile orders. The European market, espe­
cially in engineering, remained fiercely competi­
tive. From July domestic prices in France were 
first frozen, and subsequently rigorously con­
trolled. Nevertheless, and despite unfavourable 
exchange rates for much of the year, German and 
British suppliers frequently quoted very keen 
prices. As a result, the distribution of ILL's "free" 
purchases in 1982 was as follows: 

Table 11: Distribution of I LL's "free" purchases 

" Free" means that a free choice of suppl ier was possible, excluding there­
fore the fuel cycle, electricity and small purchases of less than 30000 F. 

1982 198 1 
(for comparison) 

MF % % 

France 11 .0 40 49 
Germany 7 .9 29 15 
UK 4.7 18 22 
Other 3 .5 13 14 

Total 27 .1 100 100 
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experiments carried 
out at the i.1.1. 

The following is the list of the experiments performed at the ILL in 1982 for which experimental reports 
were received before January 13, 1983. (It also includes some reports submitted in 1982 for experiments 
performed previously). 
Please refer to the Annex of the Annual Report 1982 for a detailed study of the results. 
(* Reports marked with an asterisk are not available for publication.) 

COLLEGE 3 (Fundamental and Nuclear Physics) 03 02 205 Level structure of the transitional PN2 
nuclei 163Gd and 164Gd, studied with 

03 01 100 Study of light particles (d, t, Li, Be) PN1 the (n, e- ) reaction. 
emitted during neutron induced Spits A.M.J ., Van Assche P.H.M. 
fission of 236U. (Mol.}. 
Barreau G., Carjan N., Dien a., Greenwood R.C., Reich C.W. 
Doan T.P., Leroux B. (Bordeaux). (USA) . 
Muetterer M., Theobald J .P., Sicre Schreckenbach K., Colvin G. (ILL). 
A. (Darmstadt) . 03 02 208 See 03 02 163 
Pannicke J . (ILL). 

03 02 218 Evidence for a nonstatistical PN3, PN4 
03 01111 Study of the light-charged-particles PN1 concentration of El -strength in 238U 

emitted in the thermal induced in the energy range 5.1 to 5.2 
fission of 235U. MeV. 
Asghar M. [Alger). Schumacher M. , Zurmuehl U., 
Faust H.R., Pannicke J . (ILL}. Rullhusen P., Smend F. 
Carjan N. , Doan T.P. , Leroux B. , ( Goettingen). 
Barreau G., Sicre A. (Bordeaux). 

03 02 219 Instrumental neutron activation PN4 Muetterer M., Theobald J.P. 
(Darmstadt). 03 13 012 analysis of Galapagos Spreading 

Center basalts. 
03 02 134 Reinvestigation of low-lying states PN2, PN3 Oliver R.A., Kerr S. (ILL). 
03 02 156 in 1:J.4Cs. Vivier G. (Grenoble) . 

Bogdanovic M., Simic J. 03 02 221 Analysis of the beta+ spectral shape PN2 (Beograd) . in the 64Cu decay in view of heavy 
Boerner H.G., Brissot R., Barreau neutrinos. 
G. , Kerr S. , Schreckenbach K. Schreckenbach K. (ILL) . 
(ILL). Feilitzsch F.V. (Muenchen) . 

03 02 156 See 03 02 134 03 02 232 Nuclear levels in 242Am. PN2 

03 02 162 See 03 02 163 Kern J., Salicio J .l., Gasser M. 
(Fribourgl. 

03 02 163 High precision neutron capture PN2, PN3 Colvin G., Schreckenbach K. (ILL). 
03 02 208 gamma-ray and conversion electron PN4 Hoff R. (Livermore) . 

measurement of 179Hf. 03 02 241 Instrumental neutron activation PN4 
Richter R., Haque A.M.I., Rascher analysis of french alpine granites. R., Foerster I. , Brentano P.V. Oliver R.A. , Kerr S. (ILL) . (Koeln) . 

Vivier G. (Grenoble) . Boerner H.G., Kerr S., Brissot R., 
Schreckenbach K., Barreau G. 03 03 171 Search for two octupole vibration PN2, PN4 
(ILL) . states in 208Pb. H22F 

03 02 163 High precision neutron capture PN2, PN3 
Mariscotti M .A.J . (Buenos Aires). 
Gellatly W. (Manchester). 

03 02 162 gamma-ray and conversion electron PN4 Kane W. (Brookhaven). 
measurements of 178Hf. Davidson W .F., Schreckenbach K., 
Haque A.M.1., Richter R., Rascher Warner D.D., Hungerford P., 
R. , Brentano P.V. (Koeln). Kerr S.A. (ILL) . 
Boerner H.G., Schreckenbach K., 
Kerr S., Barreau G., Brissot R. 03 05 033 Focussing of ultracold neutrons by PN5 
!ILL). a 2-mirror system at high 

03 02 178 Conversion electrons in the 178Lu PN2 
magnification . 
Herrmann P., Steyer! A. 

(n, e, ) 177Lu reaction. (Muenchen). 
Brentano P.V., Haque A.M.I. , 

Energy levels of 148La populated in PN6 Rascher R. (Koeln). 03 06 009 
Boerner H.G., Schreckenbach K. the beta-decay of msa. 
OLLI. Monnand E., Schussler F., Pinston 

03 02 204 A detailed investigation of the PN3, PN4 
J.A. (CEN-Grenoble). 
Pfeiffer B., Jung G. (ILL). 

structure of the odd mass Dy 
03 06 010 Half life measurements on gamma- PN6 isotopes. 

Egidy T.V., Hungerford P., Schmidt lines of neutron-rich isotopes of 
H., Balodis M., Prokofjev I.P. mass A = 100 and 148. 
(Muenchen). Muenzel J., Wollnik H., Jung G. 
Kerr S., Boerner H.G., (Giessen). 
Schreckenbach K. (ILL) . Pfeiffer B. OLLI . 
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03 06 013 OB -measurements of highly PN6 03 13 012 See 03 02 219 
03 06 026 unstable fission products in the 03 13 016 The level structure of 12' Te and H22F/S34 

mass region of M = 88 - 95 and 12sTe. 
M=139-145. Hamilton W .D., Robinson S.J. 
Bloennigen F., Jung G., Pfeiffer B. (Sussex). (ILL) . Snelling D.M. (ILL). 
Geisse C., Wollnik H. (Giessen). 

03 06 016" Time differential directional PN6 03 13 017" The structure of 2°"TI and 206TI. H22F/S34 

correlation of the 289-145 gamma- Hamilton W.D. (Sussex). 

gamma cascade in Sr98• 
More B., Snelling D.M. (Sussex & 

Hamilton W.D., Robinson (Sussex). ILL). 

Snelling D. (Sussex/ILL). 03 13 018* Magnetic moments of excited states H22F/S34 
Pfeiffer B. (ILL). populated in neutron capture. 

03 06 017 Gamma ray coincidence and PN6 Snelling O.M. (ILL). 
correlation measurements in Hamilton W .D. (Sussex). 
98rubidium. 03 13 022 An experimental limit on production B42 
Becker K. (Giessen). of axions in a fission reactor. 
Wollnik H., .Pfeiffer B., Jung B. Boehm F., Hahn A.A., Kwon H., 
(ILL). Vuilleumier J.L. (Caltech). 

03 06 021 See 03 06 028 Feilitzsch F.V., Moessbauer R.L. 

03 06 022 Energy levels of 99V populated in PN6 
(Muenchen). 

the beta-decay of 99Sr. 03 13 028 Systematic study of (n, a.) and (n, H220 
Monnand E., Schussler F., Pinston 03 13 038 f) reaction. 
J.A. (GEN-Grenoble). Wagemans C., O'Hondt P. , Allaert 
Pfeiffer B. (ILL). (Gent & Moll. 
Muenzel J. (Giessen). Brissot R. (ILL) . 
Lawin H. (Juelich). Emsallem A. (Lyon). 

03 06 025 Gamma-gamma coincidence PN6 03 13 038 See 03 13 028 
measurements of neutron rich 

03 13 039 Search for the two-step (n, yp) S10 isotopes A= 148. 
Muenzel J., Jung G., Wollnik H. reaction in the 22Na + nth system. 
(Giessen). Asghar M. (Alger}. 
Pfeiffer B. (ILL}. Emsallem A. (Lyon). 

03 06 026 See 03 06 013 
D'Hondt P. (Gent). 
Wagemans C. (Moll. 

03 06 027 Obeta-measurements of the 99•100Sr PN6 03 13 041 Investigation of the beta- and H22 isotopes using the mass separator 
OSTIS. antineutrino spectrum of 239Pu(nth, 

Muennich F., Keyser U., fl fission products. 

Graefenstedt M., Pahlmann B. Keyser U., Muennich F. 

(Braunschweigl. (Braunschweig}. 

Pfeiffer B., Weikard H. (ILL). Weikard H., Faust H.R . (ILL}. 

03 06 028 P0 -values of short-lived Sr, Y, Ba PN6 COLLEGE 4 (Inelastic Scattering in Simple Solids) 
03 06 021 and La precursors. 

Pfeiffer 8. (ILL). 04 01 194 External and internal phonon modes IN3 
Gabelmann H., Kratz K.L., in monoclinic TCNE 
Kronenburg M. (Mainz}. (tetracyanoethylene). 
Muenzel J. (Giessen). Chaplot S.L. (Edinburgh). 
Crawford G. (Glasgow). Mierzejewski A. (Wroclaw). 

03 06 031 Gamma-spectroscopy on neutron- PN6 Lefebvre J. (ILL). 
rich halogen isotopes from a 04 01 195 Phonons in the orientationaly IN2 negative ion source. disordered phase of ~ Cl8• Muenz.el J., Wollnik H., Rabbe! V. Prandl W. (Tuebingen . (Giessen). Gerlach P., Lefebvre J. (ILL). 
Stoehlker U., Pfeiffer 8 . (ILL) . 

03 06 032 Half-lives of extremely neutron rich PN6 04 01 201 High frequency optical phonons in INS 

strontium, barium, praseodymium K~nF,. 

and neodymium isotopes. Geick R., Strobel K., Rauh H. 

Pfeiffer B., Stoehlker U. (ILL). (Wuerzburg). 

03 06 033 Half-life measurements of neutron PN6 
Lehner N., Bouillot J . (ILL). 

rich isotopes in the mass region 04 01 203 Lattice dynamics of cerium dioxide. INS 
A= 147 - 152. Clausen K., Hayes W., Schnabel P. 
Muenzel J., Stoehlker U. (Giessen). (Oxford). 
Pfeiffer 8. (ILL). Bowen P., Hutchings M.T. 

03 06 034 ClB -measurements of 100Rb and PN6 (Harwell). 
100sr using the mass separator 04 01 205 Optic phonons in LaS. INS 
OSTIS. Roedhammer P., Reichardt W. 
Muennich F., Keyser U., (Karlsruhe). 
Graefenstedt M., Pahlmann B. 04 01 213 Phonon dispersion of Mo3Si, an lNB ( Braunschweig) . 
Pfeiffer B., Weikard H. (ILL). A 15 structure. 

Christensen A.N., Jorgensen J.E. 
03 06 TES Measurement of the absolute PN6 (Aarhusl. 

gamma-ray line intensities in the Kress W., Weber W., Pintschovius 
mass chains 144, 146, and 147 at L. (Karlsruhe). 
the mass separator OSTIS. 
Denschlag H.O., Sohnius B. 04 01 214 Phonons in graphite intercalation INS 
(Mainz). compounds. 
Pfeiffer B. (ILL). Rosenman I., Simon C., Batallan F. 

03 13 007" Level spins and gamma ray H22F/ S34 (Paris). 

multipolarities in 147, 149 Nd and Lauter H.J. (ILL). 

the decay of 149Nd to 149Pm. 04 01 215 Molecular dynamics in imidazole. IN3 
Hamilton W.D. (Sussex). Link K.H., Grimm H., Stiller H. 
More B., Snelling D.M. (Sussex & (Juelich) . 
ILL). Dorner B. (ILL). 
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04 01 224 Measurement of the LA (001 l IN3 04 03 196 Magnetic excitations in CeB6• INS 
phonon branch in KCP at 17 kbar. Rossat-Mignod J ,, Effantin J .M . 
Renker B. , Bernard L. , Vettier C. (CEN-Grenoble) . 
!ILL). Kunii S. (Sendai) . 
Comes R. (Orsay). Vettier C. (ILL) . 
Schweiss P. (Frankfurt). 04 03 197 The pressure dependence of the IN12 

04 01 226 Magneto-elastic interaction and IN2 magnetic excitations in TbP. 
acoustic phonon dispersion in CeF3. Knorr K. , Loidl A. (Mainzl. 
Schaack G., Rauh H., Geick R., 04 03 202" Study of the crystal electrical field INS 
Kullmann W . (Wuerzburg). levels of the holmium ion in HoN~ 

04 01 228 Lattice dynamics of non-rigid IN2, IN3 and HoC0i. 
molecules; biphenyl Castets A., Gignoux D. (CNRS, 
Cailleau H. (Rennes) . Grenoble}. 
Moussa F. (LLB, Saclay) . Hennion B. (LLB, Saclay) . 
Bouillot J . (ILL) . 04 03 202· Study of the crystal electrical field IN4 
Natkaniec I. (Cracow) . levels of the holmium ion in HoNi2 

04 01 234 Inelastic N-scattering on N-irradiated IN2 and HoCo2. 

quartz. Castets A. , Gignoux D. (CNRS, 
Grasse D., Peisl J. (Muenchen) . Grenoble). 

04 01 235 Test experiment for diffuse inelastic IN3 Hennion B. (LLB, Saclay). 

n-scattering on resonant modes in 04 03 203 Dispersion of magnetic excitations IN2 
irradiated fee-metals. in a Kondo lattice. 
Urban R., Ehrhart P. (Juelich) . Galera R.M. , Pierre J . (CNRS, 

04 02 142 Study of the T-dependence of the INS Grenoble) . 
EG(T12) mode in Nb3Sn(V3Si). 04 03 204 Search for magnetic excitations in INS 
Glaeser W., Mueller P. (Muenchen). USbo.a5Teo ts· 
Schweiss P. (Frankfurt) . Lander G. H. (Argonnel. 
Renker B. (ILL) . Rossat-Mignod J . (CEN-G). 

04 02 146 Dynamics of the incommensurate IN3 Stirling W.G . (ILL) . 

phase of NaNO2 and its precursors. Vogt 0. (Zuerich) . 

Durand D., Denoyer F., Lambert M ., 04 03 208 Magnetic structure of single crystal IN2 
Moudden A .H. (Orsay). praseodymium under uniaxial stress. 
Bernard L., Currat R. (ILL) . McEwen K.A., Stirling W .G., 

04 02 149 Structural phase transformations in IN3 Vettier C. (ILL) . 

Rb2ZnCl4. 04 03 209 Magnetic excitations in neodymium. IN3 
Quilichini M. (ILL) . McEwen K.A. (Salford ILL). 
Joffrin C. (Saclay) . Stirling W .G. (ILL) . 

04 02 152 Phasons and amplitudons in IN12, IN3 04 03 212 Field effect on the phase transition IN12 
04 02 153 biphenyl. of NiBr2• 

Cailleau H. (Rennes). Regnault L.P., Rossat-Mignod J. 
Moussa F. (LLB, Saclay) . (CEN-Grenoble). 
Bouillot J ., Zeyen C. (ILL) . Day P., Moore M., Wood T.E. 

04 02 153 See 04 02 152 (Oxford) . 

04 02 163 Incommensurate phases of d- IN2 04 03 215 Magnetic excitations in IN3 
TMATC-Zn under pressure. Rb2Cr11 _,, Mn,Cl4 mixed crystals. 

Almairac R., Ribet M. (Montpellier). Kullmann W., Rauh H., Geick R. 

Marion G. (Pau). (Wuerzburg) . 

Vettier C., Steigenberger U. (ILL) . Muenninghoff G. (Marburg) . 

04 02 164 Behavior of incommensurate IN2 
Lehner N. (ILL). 

Ba2NaNb5O16 below room 04 03 218 Magnetic excitation spectrum of IN3 
temperature . ferro-magnetic, chromium-rich, 

Schneck J ., Toledano J .C., chromium-iron alloys. 

Errandonea G. (Bagneuxl. Rainford B.D. (Southampton) . 
Currat R. (ILL). Mitchell P.W. (Edinburgh) . 

04 02 174 Study of order parameter near the D10 
Paul D.MCK., Osborn R. (ILL). 

antiferroreorientational phase 04 03 226 Influence of vortex excitations on IN12 

transltion of partially deuterated p- the renormalization of spin-wave in 

terphenyl. the 2d-XY helimagnet BaCe>i (As04)2• 

Lechner R.E. (Berlin) . Regnault L.P., Rossat-Mignod J. 

Toudic B., Cailleau H. (Rennesl. (CEN-G) . 

04 02 175 Temperature dependence of the IN2 04 03 248 Magnetic excitations in a palladium INS 
phonon dispersion curves in 5% iron alloy. 

KTa11 ,, Nb,O3 near the quantum limit. Cowley R.A., Mitchell P.W. 

Bilz H., Kress W . (Stuttgart). (Edinburgh) . 

Rytz D. (Lausanne). Paul D.MCK. (ILL). 

Fontana M.D., Carabatos C. (Metz). 04 03 260 Excitations from magnetic exchange IN6 
Hoechli U.T. (Zuerich). interactions of Cu-clusters in the 
Servoin J.L. (Orl6ans) . tetranuclear complex (CuEtCl)4 • 

04 03 172 Spin-wave dispersion in partially IN1 Astheimer H., Weitzel H .. Haase W., 

ordered Ni3 Mn. Blanckenhagen P.V. (Darmstadt). 

Blanckenhagen P. V., Lin C. 04 03 TES Small-angle triple-axis test. IN12 
(Karlsruhe) . Paul D.MCK. (ILL) . 
Hennion M., Hennion B. (LLB, Mitchell P.W . (Edinburgh). 
Saclay) . 04 04 082 Are scaling laws still valid in nickel IN11 

04 03 174 Magnet excitations in the mixed IN2 near Tc? 
metamagnets FT.a Co1l P1Cl2• Mezei F. (ILL). 
Day P., Wood .E. Oxford). Papoular R., Allain Y . (LLB, 

04 03 185* Low energy magnetic response of IN12 Saclay) . 

incommensurate chromium. 04 04 086 lineshape and polarization analysis IN11 
Burke S.K., Ziebeck K.R.A., of the central peak for CsNiF3 at 
Stirling W .G. (ILL). small q0 and small energies. 
Booth J .G. (Salford) . Steiner M. (Berlin). 
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04 04 088 Antiferromagnetic solitons in IN11 05 14 140 Charge density study of short S ... 0 D8 
TMMC. contact. 
Boucher J.P., Regnault L.P. Cohen-Addad C. (USM-Grenoble}. 
(CEN·Gl. Parkanyi L. (Budapest). 
Mezei F., Bouillot J. (ILL). 05 14 145 Electronic deformation density in D9 

04 04 094 Dynamical critical scattering from a IN12 tetracyanoethane. 
two-dimensional easy-plane Parfonry A., Declercq J.P., nnant 
ferromagnet, Rb2CrCl4 , in a B., Legrand E., Van Meerssche M. 
magnetic field. (Mol.l. 
Day P., Fyne P.J. (Oxford). 05 15 181 Neutron powder diffraction study of 01A 
Hutchings M.T. (Harwell). the magnetic phase transition in 

COLLEGE 5 (Crystallographic and Magnetic Structures) EuA5:i. 
Chattopadhyay T., 

05 11 075 Modulated phases of PAMC. D8 
Schnering H.G.V. (Stuttgart). 

Depmeier W. {Geneva). 05 15 186 Determination of the average D9 

Structure and anion disorder in U02 015 
05 15 207 structure of the modulated phase, 

05 11 106 05 15 208 thermal parameters behaviour with 
at high temperature. temperature and structure 
Hutchings M.T. (Harwell). determination of the new low 
Hayes W., Clausen K., temperature phase in Rb2ZnC14 . 
McDonald J.E. (Oxford). Quilichini M. (ILL). 

05 11 108 Precise structure determination of D10 05 15 188 Modulated structure of quartz above D10 
PdD. at low temperatures. the a-8 transition. 
Ross D.K., Witchell D.G. Dolino G., Bachheimer J.P. 
(Birmingham). (USM, Grenoble). 
Carlile C.J. (Rutherford). Zeyen C. IILL). 

05 11 110 4.2 K structure of D15 05 15 193 High-resolution study of atomic 09 
[Felll (bipyridyll2Cl2l [FeC14]. distribution functions in KH2P04 and 
Figgis B.N., Reynolds P.A. KD2P04 • 
(Australia). Nelmes R.J., Tibballs J.E., 

05 13 102 Crystal structure of naphthazarin C DB Zhong W.L. (Edinburgh}. 

at two temperatures. 05 15 194 Accurate comparative structural DB 
Herbstein F.H. (Haifa, Israel). studies of RbH1P04 andRbD2P04• 

Lehmann M.S. (ILL). Nelmes R.J., ibballs J.E. 

05 13 109 Single crystal neutron diffraction on DB 
(Edinburgh). 

hydrogen uranyl phosphate hydrate 05 15 196 Crystallographic structure of D10 
(HUP). deuterated MEM-(TCNQ)2 at 5 K. 
Fender B.E.F., Wright A.F., Bloch D. (CNRS, Grenoble). 
Fitch A.N. (ILL). Vettier C. (ILL). 

0513111 Neutron diffraction study of DB 
Oostra S. (Groeningenl. 

[ReH7 (PP~2Ph)2J. 05 15 197 Elastic properties of MEM-(TCNQ)2 D1A 

Howard J.A.K., Mead K. (Bristol). at high pressure. 
Bloch D., Voiron J. (CNRS, 

05 13 117 Mean potentials in ice lh from high D9 Grenoble). 
precision neutron data. 05 15 201 Fluorine distribution in the fast ionic D9 
Kuhs W.F., Lehmann M.S. (ILL). conductor B - PbF 2• 

05 13 123 H location in KC8H213 . DB Schulz H., Bachmann R. (Stuttgart). 
Gu6rard D. (Nancy). 05 15 203 Interlayer distances in Bi2 T~ as a D15 
Rousseaux F., Estrade H., Conard J. function of uniaxial and hydrostatic 
(Or16ans). pressure. 
Anne M. (CNRS, Grenoble). Geick R., Rauh H., Kullmann W., 

05 14 117 Electron density distribution in DB Eichhorn G. (Wuerzburg). 

Co2(C0)8 BuiCi- Steigenberger U., Lehner N. (ILL). 

Howard J.A.K., Orpen G. (Bristol). 05 15 204 Phase transition in (CH3NH3 )2 (SnCl6) INS 
Gregson D. (ILL). (plus measurements on other 

05 14 128 Bonding electron densities in TIC D9 
compounds). 
Leadbetter A.J., Ward R.C., 

and TiN. A comparison of x-ray and ClarkJ.W. (Exeter). 
neutron diffraction methods. Suga H. (Osaka). 
Christensen A.N., Larsen F.K. 

05 15 204 Phase transition in (CH3NH3 '2 (SnCl6 ). IN6 (Aarhus). 
Lehmann M.S. (ILL). Leadbetter A.J., Ward R.C. (Exeter). 

Richardson R.M. (Bristol). 
05 14 134 Accurate Debye-Waller factor. D9 Suga H. (Osaka). 

Determination of L~H and Li7D by 
05 15 205 Phase transition in the 1 D organic DB neutron diffraction for electron 

conductor TMA-TCNQ-1 density work. 
(1) Intermediate phase Vidal J.P., Vidal G. (Montpellier). 
(2) Low temperature phase. 

05 14 136 Deformation density in salts of D8 Gallois B. (Bordeaux). 
complex anions, magnesium sulfite 

05 15 206 Phase transition characterization In a DB hexahydrate, MgS03.6H20. 
new 1 D-organic conductor: (I PENT Fuess H., Bats J.W., Elerman Y. 
DMA)-TCNQ-1. (Frankfurt). 
Gallois 8., Gaultier J. (Bordeaux). Allibon J. (ILL). 

05 14 137 Low temperature structure of UC14 D15 05 16 207 See 05 15 208 

and U(C6H6)4 . 05 15 208 See 05 15 186 
Spirlet M.R. (Liege). 05 15 215 The temperature dependence of the D9 
Rebizant J., Kanaellakopoulos B. ionic distribution in the protonic 
(Karlsruhe). superconductor NH4 + /H30+8B"-
Lander G.H., Stansfield R. (ILL). alumina. 

05 14 139 Electron deficient bond in D8 Thomas J.O. (Uppsala). 
Na(Al2Me8HJ. Frase K.G. (Pennsylvania). 
Howard J.A.K. (Bristol). McIntyre G.J. (ILL). 
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05 16 219 Neutron diffraction study of the 09 05 17 175 Structure and magnetic moment 015 
second order displacive phase arrangement of the distorted NiAs 
transition in SnS. type structure (Mn0_50Fe0.i.)120Sb. 
Chattopadhyay T., Reimers W. (CEN-Saclay. 
Schnering H.G.V. (Stuttgart). Trautmann W., Hellner E. (Marburg). 

05 16 224• Determination of the structure of 08 
McIntyre G.J. (ILL). 

hydrated iron fluosilicate in the 05 21 136 Metal exchanged zeolites. (First 01A 
incommensurate range. 05 21 140 preliminary report) . 
Pepy G., Chevrier G. (CEN-Saclay) . Adams J.M ., Haselden D.A 
McIntyre G.J. (ILL) . (Aberystwyth) . 

05 15 225 Displacively modulated phases of 08 05 21 140 See05 21 136 

PAMC. 05 21 140 Metal exchanged zeolites. (Second 01A 
Depmeier W . ( Gen~ve). preliminary report). 
Mason S.A. (ILL) . Adams J.M., Haselden D.A. 

05 16 227 (TMTSF)2 CI04; mean structure at 010 (Aberystwyth). 

7K. Comparative study with 300K 05 21 141 Profile refinement of zeolite 01A 
and 125K structural data. complexes. 
Gallois B., Gaultier J. (Bordeaux) . Adams J.M., Haselden D.A. 

06 16 051 Photographic studies of neutron S42 (Aberystwyth). 
Laue diffraction related to phase 05 21 142 Neutron diffraction studies on DlA 
transitions. synthetic and natural silicates. 
Marmeggi J.C. (CNRS, Grenoble). Cheetham A.K. (Oxford). 

05 16 108 Chirality domains in Ho-Tb single S20 Thomas J.M., Jefferson D.A. 
crystals. (Cambridge). 
Palmer S.B. (Hull). 05 21 150 Structures of mixed valency 01A 
Baruchel J., Schlenker M. (CNRS, antimony (Ill, V) hexahalide and 
Grenoble). related salts. 

05 16 131 Chirality domains in single crystal Tb. S20 Day P., Cheetham A.K., Prassides K. 
Palmer S.B. (Hull). (Oxford) . 
Baruchel J., Schlenker M. (CNRS, 05 21 152 Structural study of bismuth D1A 
Grenoble). mobybdates. 

05 16 141 Neutron spin-echo mapping of IN11 Goodenough J.B., Bania P.O., 

saturation magnet. Distribution in James D.A. (Oxford). 

Ga-YIG samples grown in various 05 21 153 Structural determination and D1A 
conditions. refinement of the molybdic acids 
Baruchel J ., Guigay J .P., Mo03.2D20 and yellow Mo03.D20. 
Schlenker M. (CNRS, Grenoble) . Dickens P.G., Crouch-Baker S. 
Daval J. , Challeton D, (CEN-Gl. (Oxford) . 

05 16 143 The determination of the ground 010 05 21 154 Structural refinements of Ni(OH)2 01A, 02 
state p.d.f. of NH4 in (NH4)2SnCl6 • and gamma-NiOOH. 
Prandl W., Vogt K., Brueckel T. Greaves C., Thomas M.A. 
(Tuebingen). (Birmingham). 

05 17 150 Magnetic and crystalline structures 015 0521155 The structure of calcium amide, 01A 
of Co-V alloys. calcium imide, and solid solutions. 
Williams D.E.G. (Loughborough) . Fender B.E.F., Cockcroft J .K. (ILL). 

05 17 153 Magnetic ordering in EuA5s at low D15 05 21 156 The structure of cation exchanged 01A 
temperature. HU02P04.4H20 . 
Chattopadhyay T., Fender B.E.F., Fitch A.N. OLLI. 
Schnering H.G.V. (Stuttgart). 

0521159 Structural determination and 01A 
05 17 156 Antiferromagnetism in cupric oxide, 015 refinement of L~_7W03 to determine 

CuO. lithium atom positions. 
Forsyth J.B. (Rutherford). Hibble S.J., Dickens P.G. (Oxford). 
Brown P.J. (ILL) . 0521161 Structure determination of the 01A 

05 17 157 Magnetic phase transitions and 010 ordered phases of the fast ionic 
multi-critical phenomena of conductors Cu6PS5Hal 
FeCl2.2H20 . (Hal=CI, Br, II. 
Hirte J., Weitzel H. {Darmstadt). Kuhs W.F. (ILL) . 

05 17 159 Magnetic satellites in the 016 
Konz W. (Freiburg). 

incommensurate phase of NiBr2. 05 21 164 Structure of the ordered form of 01A 
Day P., Moore M.W. (Oxford). hexagonal ice. 
Wilkinson C. (London) . Leadbetter A.J., Ward R.C., 

05 17 161 Investigation of the magnetic 09 
Clark J .W. (Exeter). 

strucure of Gd-Y alloys. 
Suga H. (Osaka). 

Palmer S.S., Bates S., Sousa J.B. 05 21 168 Crystal structure determination of 01A 
(Hull). dehydraded dioptase, CuSi03• 

05 17 168 Magnetic phase transitions and 010 
Breuer K.H., Mueller R. 
(Heidelberg). 

multicritical phenomena of Eysel W. , Fuess H. (Frankfurt) . 
CoCl2•2H20. 
Hirte J ., Weitzel H. (Darmstadt). 05 21 173 Structure of the ordered vacancy 01A 

05 17 173 Magnetisation and magnetic 015 
compounds Nb8C5 and Ti2N. 
Christensen A.C. (Aarhus) . 

structures of the dilute metamagnets Novion C. De, Landesman J .P. 
FePMg11 i/JC'2. (CEN-Fontenay). Day P., ood T.E., Moore M.W. 
(Oxford) . 05 22 117 Biphenyl-d10 at low temperatures. D1B 

05 17 174 Structural phase transitions and 010 
Natkaniec I. (Dubna). 

magnetic ordering in K Mn~_.,Zn,F3• 
Pawley G.S. (Edinburgh). 

Heger G., Geick R., Rauh . 05 22 138 The structures of C6F6.C8D6• 01A 
(Karlsruhe). Overall J .S.W., Pawley G.S. 
Lehner N. (ILL) . (Edinburgh) . 
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05 22 183 Martensitic transformations in 01A 05 23 276 Neutron diffraction reinvestigation of 01A 
Cu-Nb3Sn multifilamentary pyrite MnSe2 magnetic structure. 
superconducting wires (prestress). Plumier R., Sougi M. (CEN-Saclay). 
Fluekiger R., Pintschovius L. 05 23 277 Magnetic structure of FeCl3 graphite D2 
(Karlsruhe). intercalation compounds. 
Muellner W. (Frankfurt). Rosenman I., Batallan F., Simon C. 

05 22 189 High temperature neutron diffraction 01B (Paris). 
study of the order-disorder of Vangelisti R. (Nancy). 
vacancies in NbC . 05 23 284 Neutron diffraction study of the D1B 
Novion C.H. de, landesman J.P., tetragonal NpCu4Al8 and ErFe4Al8 
Lorenzelli N., Alamo A. (CEN, FAR). intermetallic compounds. 
Christensen A.N. (Aarhus). Kalvius G.M., Potzel W. 

05 22 191 Martensitic transformations in DlA (Muenchen). 
Cu-Nb3Sn multlfilamentary Gal J., Malamud M., Pinto M., 
superconducting wires (prestress). Shaked H. (Negev). 
Fluekiger R., Pintschovius L. Caciuffo R. (ILL). 
(Karlsruhe). 05 24 158* Determination of hydration number 01A, 02 
Muellner W. (Frankfurt). from powder diffraction. 

05 22 194 A study of phase changes occurring 018 Lehmann M.S. (ILL). 
in pure and magnesia-doped zirconla Wilkins S.W. (Australia). 
gels on heating from RT to 1100°C. 05 25 128 The structures of freons. 01A 
Brett N.H. (Sheffield). Pawley G.S. (Edinburgh). 
Niepce J.C. (Dijon). 
Bouillot J. (ILL). 05 25 154 Study of the human ankle. D1B 

05 22 196 Phase transitions in ammonium 01A 
Bacon G.E., Bacon P.J., 
Griffiths R.K. (Sheffield). 

thiosulfates (NH4l2S20 3• 
05 25 157 A kinetic investigation of the reaction 018 Teng S.T., Fuess H. (Frankfurt) . 

Heathman S. (ILL). of solids with water: 

0522211 Phase transitions and structures in DlA 
Ca3Al20 8 + 6020-+ Ca3Al20 86D20. 
Christensen A.N. (Aarhus). 

Rb2NaHoF8• Lehmann M.S. (ILL). 
lhringer J. (Tuebingen). 

05 25 159 Thermal expansion of mixed D1B 
06 22 212 Structures of further mixed valency 01A monomer polymer crystals. 

Sb (111, V) hexahalides. Bertault M., Schott M. (Paris). 
Day P., Cheetham A.K., Prassides K. Lefebvre J. (Litle). 
(Oxford). Aime J.P. (ILL). 

06 22 219 Study of the structural D1B 05 31 066 1) Magnetic form factor of Eu2 4 in D3, D15 
transformations preceding the 05 35 060 EuS 05 
dehydration of Mg(OD)2• 2) Nuclear spin dependent 
Niepce J.C., Ciosmak D. (Dijon). scattering length of 153Eu. 
Bouillot J., Chaix-Pluchery 0. (ILL). Zinn W., Bohn H. (Juelich). 
Freund F. (Koeln). Tasset F. (ILL). 

05 23 223 Magnetic and structural studies on D1A 05 31 069 Study of the 25K Np02 phase D12 
mixed metal oxides. transition by a neutron oscillation 
Cheetham A.K., Hope D.A.O. camera. 
(Oxford). Manes L., Rebizant J., Spirlet I. 

05 23 225 Incommensurate to commensurate D1A (Karlsruhe). 
05 23 250 magnetic structure study of Fournier J.M. (CEN-Grenoble). 

La2Fe12 _ , 1Mn,S6 Ix< 1 ). Baiuf A., Caciuffo R., Rustichelli F. 
Plumier R., Sougi M. (CEA, Saclay). (ILL & lspra). 

05 23 241 2D magnetic ordering of NiCl2 D17 05 31 074 Magnetic form factor of GdAl2• D5 
islands intercalated into graphite. Rainford B.D. (Southampton). 
Flandrois S. (Bordeaux). Schweizer J., Osborn R. (ILL). 
Hewat A.W. (ILL). Boucherle J.X. (CEN-Gl. 

05 23 241 2D magnetic ordering of NiCl2 D1B 06 32 121 Magnetisation density in vanadium 03 
islands intercalated into graphite. metal. 
Flandrois S. (Bordeaux). Brown P.J. (ILL). 
Hewat A.W. IILLl. Forsyth J.B. (Rutherford). 

05 23 247 Magnetic structure of LiMnFeF . D1A 05 32 131 Magnetisation density in Co2MnSi. D9,D3 
Courbion G., Jacoboni C. (Le rSians). Webster P.J., Town S.L. (Salford). 

05 23 250 See 05 23 225 Brown P.J., Ziebeck K.R.A. (ILL). 

05 23 259 Magnetic ordering in CeRu2. D1B 05 32 135 Magnetic form factor and spin D3 
Fruchart D., Vaillant F., Rouault A., distribution in UGa2. 

FlouquetJ., Benoit A. ICNRS, Ballou R., Givord F., Lemaire R. 
Grenoble). (CNRS, Grenoble). 

05 23 260 Magnetic structure of CeMo6S8• D18 05 32 137 Spin canting and magnetization D16 
Chevrel R., Rossat-Mignod J., density In the antiferromagnetic state 
Ouezel S. (CEN-Grenoble). of Fe2Si04• 

Benoit A. (CNRS, Grenoble). Fuess H., Mueller R. (Frankfurt). 
05 23 261 Magnetic structure of the reentrant DlB Brown P.J. (ILL). 

superconductor ErRhuSn3_8• 05 32 141 Spin density distribution in ferro- D3 
Bertaut E.F., Hodeau J.L., Benoit magnetic Mn0_98Fe0.11 Sb. 
A., Marezio M., Remeika J.P., Reimers W. (LLB, Saclay). 
Flouquet F. (CNRS, Grenoble). Hellner E., Trautmann W. (Marburg). 

05 23 264 Magnetic properties of iron surfaces. 05 Brown P.J. (ILL). 
Barbaux Y. (Lilla). 05 32 144 Thermal variation of the D3 
Saubat 8., Beaufils J.P., susceptibility density map in the 
Schweizer J. (ILL). Pauli paramagnet CeNi5• 

05 23 267 Magnetic structures in the phase 05 Gignoux D., Givord F., Lemaire R. 
diagram of the GdAg , _., Zn system. ICNRS, Grenoble). 
Zinn W., Koebler U. buelich). Tasset F. IILll. 
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05 32 152 Spin density determination in ionic D3 06 05 045 Small-angle scattering by super- D17 
uranium systems. cooled water. 
Spirlet M.R. (Liege}. Dore J.C. (Kent). 
Rebizant J. (Karlsruhe) . Teixeira J. (ESPCI, Paris) . 
Stansfield R. (ILL). Bosio L. (CNRS, Paris) . 
Lander G.H. (Argonne/lLLI . 06 05 048 Structure factor of chloroform. D4 

05 32 154 Magnetization density in manganese 015 Bertagnolli H. (Wuerzburg). 
orthosilicate Mn2Si04• 06 05 051 Diffraction studies of 0 20 on 02 Fuess H., Lottermoser W . spherisorb. (Frankfurt) . Dore J .C., Wright C.J., Steytler D. Brown P.J. (ILL) . (Kent). 

05 32 TES Spin-flop phase transition and 010 
06 05 052 Polar group hydration using isotopic 02 magnetic phase diagram of 

substitution. Rb2MnCl4. 
Neilson G.W. (Bristol) . Kullmann W., Geick R. (Wuerzburg} . 
Finney J.L. (London}. Hirte J., Weitzel H. (Oarmstadtl. 
Cummings S. (ILL). 

05 33 064 Measurement of charge distribution D5 
06 05 053 Structural properties of carbon in D2 in europium systems via the spin-

liquid and amorphous systems. orbit (Schwinger) interaction. 
Neilson G.W. (Bristol). Forte M. (lspra). 
Cummings S. (ILL). Brown P.J . (ILL) . 
Diffraction studies of 0 20 on 02 Delapalme A. (LLB, Saclay). 06 05 061 

Lander G.H. (Argonne}. spherisorb. 
05 34 065 Paramagnetic response in chromium. D5 Dore J.C., Steytler D., Wright C.J , 

Booth J.G. (Salford) . (Kent) . 
Brown P.J. (ILL). 06 06 009 Structural properties of molten D4 
Capellmann H. (Aachen). salt/metal mixtures. 
Bland J.A.C. (Cambridge). Howe R.A., Newport R.J. 

05 34 080 Paramagnetic scattering from nickel. D5 (Leicester). 
Capellmann H., Brown P.J ., 06 06 015 The separation of collective modes in IN6 
Ziebeck K.R.A. (ILL}. molten RbCI by isotopic substitution. 
Givord D., Deportes J. (CNRS, McGreevy R., Mitchell E.W.J., 
Grenoble). Margaca F. (Oxford) . 
Cowlam N. (Sheffield). 

06 07 033 Small angle neutron scattering by 011 
05 35 060 See 05 31 066 electrolytic solutions in 020 . 
05 TEST Quantum effects in the structure of 01A Bellissent M.C., Wanderlingh F. 

mixed crystals at low temperature. (LLB, Saclay}. 
Naylor G., White J.W., Jackson I.P. Fontana M.P., Migliardo P. (Parma). 
(Oxford) . Maisano G. (Messina) . 

06 07 036 Diffusional dynamics and local INS COLLEGE 6 (Fluids and Amorphous Substances) 
structure in liquid electrolytes. 

06 01 069 On the nature of excitations in helium IN6, IN12 Bellissent M.C., Kahn R., 
06 01 075 films. Wanderlingh F. (LLB, Saclay). 

Lauter H.J . (ILL). Fontana M.P. (Parma). 
Godfrin H. {CNRS, Grenoble). Migliardo P., Maisano G. (Messina). 
Tiby C. (Regensburg). 06 08 053 Partial structure factors of N~B3s D4 
Obermayer P.E., metallic glass. 
Wiechert H. (Mainz). Cowlam N., Davies H.A., Guoan 

06 01 071 Pressure dependence of the IN6 Wu. (Sheffield). 
excitations in liquid 3He. 

06 08 073 Distribution of Dy in a sodium D2 
Pedersen K. , Cowley R.A. fluoroberyllate glass. (Edinburgh). Wright A.C., Etherington G. 
Armitage J. (St. Andrews). (Reading}. 
Scherm R. {Braunschweigl. Sinclair R.N . (Harwell). Ragazzoni J.L., Stirling W.G. (ILL}. 

06 08 080 Small angle neutron scattering study 017 06 01 072 Systematic study of the linewidth of IN12 
of structural heterogeneities in phonon excitations in superluid 4He. 
a-Si:H. Mezei F., Stirling W.G. (ILL). 
Bellissent R. (Saclay, LLB). 

06 01 075 See 06 01 069 Chenevas-Paule A. (CEN-G, LETO. 
06 02 049 Diffusion retardation and long time IN6 

06 08 085 Neutron diffraction study of 02 
behaviour in simple liquids. amorphous M9o_702"o30 alloy. 
Glaeser W., Freudenberg U., Morkel Andonov P. (CNRS, Meudonl. 
C. (Muenchen). Chieux P. (ILL). 

06 02 053 Dynamic structure factor of liquid IN4 
06 13 000 Spin-lattice relaxation of 8Li in the S6 metals at high temperatures. 

lithium-silicate glass Morkel C., Glaeser W., Bodensteiner 
( Si02l0.67( Li20 lo.33 • T. (Muenchen) . 
Ackermann H., Bader B., Doerr K., 

06 02 054 Long time tail of velocity IN5 Freilaender P., Heitjans P., Kiese G., autocorrelation in simple liquids. 
Stoeckmann H.J., Van der Merel C. Glaeser W., Gronemeyer C. 
(Marburg/lLL). (Muenchen) . Mueller-Warmuth W. (Muenster). 

06 02 057 Diffusion retardation in simple 07 
06 13 000 8Li spin-lattice relaxation in liquid S6 liquids. 

alloys with compound-forming Glaeser W., Gaehler R. (Muenchen) . 
tendencies: Li-Bi and Li-Pb. Schaerpf O. (ILL) . 
Ackermann H., Bader B., 06 03 116 Self-diffusion in simple liquid binary IN6 
Freilaender P., Heitjans P., Kiese G. , alloys. 
Stoeckmann H.J ., Van Der Mare! C. Glaeser W., Gronemeyer C. 
{Marburg / lLL). (Muenchen} . 
Ruppersberg H. IILL). 

06 04 026 Magnetic form-factor of the oxygen 02 
molecule. 
Dore J.C. (Kent} . 
Schweizer J . (ILL/CENG). 
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COLLEGE 7 (Imperfections! 07 02 090 Crystal field splitting of rare earths in IN6 

07 01 120* Longitudinal spin fluctuations in 017 amorphous Y-Cu alloys. 

Fe-Ni invar alloys. Rainford B.D., Lee E. , Begum R.J ., 

Komura S. , Takeda T. (Hiroshima) . Samadian V. (Southampton). 

Chamberod A . (CEN-G). 07 02 094 Linewidth of magnetic excitations In IN4, IN5 
Roth M. OLLI. cerium intermetallics. 

07 01 205 Percolation in oxispinels. 02 Pierre J., Galera R.M. (CNRS, 
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09 05 331 Structure of a small micelle: sodium D17 (Oxford) . 
octanoate. Beaufils J .P. (ILL) . 
Zemb T. (Saclay) . 

09 06 387 Temperature dependence of the IN6 Hayter J.B. (ILL). 
rotational tunnelling spectrum for 

09 05 332 Internal structure of micelles. D17, D1B hydrogen in C24Rb (H2)1 and 
09 05 326 Cabane B. (Orsay). C24 Rs (H2). 

Duplessix R. (Strasbourg) . Beaufils J.P. (ILL). 
Zemb T. (Saclay) . White J.W., Jackson I., Trouw F. 

09 05 335 Studies on nonionic surfactant water D11, 017 (Oxford). 
mixtures - micelles and their 

09 06 387 Temperature dependence of IN6 interactions. 
tunnelling spectra in C24Rb (H2)1 . Cebula D.J. (ILL). 

Ottewill R.H . (Bristol) . Report II (high temperature part). 
White J .W., Trouw F., Jackson I.P. 

09 05 338 Neutron diffraction experiments on D11 (Oxford). 
micellar solutions with unusual Beaufils J.P. (ILL). 
properties II. 

09 06 394 Microscopic mechanism of H INS Kalus J ., Angel M. , Reizlein K., 
Thurn H., Ulbright W ., Hoffmann H. mobility in hectorite. 
(Bayreuth). Conard J., Estrade H. (Orl~ans) . 

09 05 343 Study of the structure of a gel made D17 Poinsignon C. (ILL). 

from small molecules. 09 06 403 Diffusion of benzene in Y zeolite. IN6 
Volino F. , Terech P., Ramasseul R. Renouprez A. (Lyon) . 
(GEN-Grenoble) . Jobic H. (ILL). 
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09 06 415 Hydrogen mobility in molybdenum IN6, IN10 09 11 055 Segmental mobility of star shaped IN11, IN10 
bronze. 09 11 056 polymers in solution. 
Fripiat J.J., Tinet D., Estrade H., Ewen B., Stuehn B. (Mainz). 
Legay M.H. (Orleans). Richter D., Nerger K., Burchard W. 

09 06 420 Search for hydrogen tunnelling in IN6 (Juelich). 

zirconium sulphide intercalates. 09 11 056 See09 11 055 
White J.W., Trouw F. (Oxford). 

09 11 069 Study of the internal modes in IN10, IN11 
09 06 421 20 fluid H2 in C24Rb(H 2),. IN6 branched polyvinylacetate. 

White J.W., Trouw F. (Oxford). Richter D. (Juelich) . 

09 06 422 Electric potential and charge IN6 Ewen B., Nerger D. (Mainz). 

distribution in graphite intercalates. 09 12 006 A Quasi elastic scattering by IN10 
White J.W., Trouw F. (Oxford). polyelectrolyte strong solutions. 

09 07 015 Dimethylsulfoxide. 018 Matching with theory. 

Weiss A., Meyer H., Becker H.O. Jannink G., Nallet F. (Saclay, LLB) . 

(Muenchen). Oberthuer R. (ILL). 

09 07 015* OMS. D2 09120068 Quasi elastic scattering by IN11 

Weiss A., Meyer H., Becker H.O. polyelectrolyte strong solutions. 

(Muenchen). Matching with theory. 
Oberthuer R. (ILL). 

09 07 029 Structural investigations of V20 6- 018 Cotton J.P., Nallet F., Jannink G. 
gels. (Saclay, LLB). 
Aldebert P., Baffier N., Livage J. 

09 13 008 Structure of oriented crystalline D17 (Paris). 
Haesslin H.W. OLLI. polyethylene. 

Sadler D.M., Odell J.A., 
09 07 032 Structure and configuration of D2 Barham P.J. (Bristol) . 

butane and butadiene molecules 
09 13 009 adsorbed on MgO and graphite. Chain conformation in isotactic 011, D17 

Beaume R., Siberian J.P., polystyrene crystallized near its 

Suzanne J., Vilches 0. (Marseille). melting point. 

Lauter H.J. (ILL) . Guenet J .M., Picot C. (Strasbourg). 

09 07 033 Structure of adsorbed layers of 38Ar D18 09 13 013 Structure of crystalline polymers: D1B 

on the cleavage face of NiCl2. 
large angle measurements on 

Larher Y., Terlain A. (CEN-Saclay). isotactic polystyrene. 

Thorel P. (GEN-Grenoble) . Guenet J .M., Keller A., Sadler D.M., 

09 07 034 Phase transition of D2 adsorbed on 016 
Spells S.J . (Bristol). 
Haesslin H.W. (ILL). 

graphite. 
09 13 015 Molecular conformation in D1B Lauter H.J. (ILL) . 

Nielsen M. (Riso) . semicrystalline polymers. 

Wiechert H., Tiby C. (Mainz). Fischer E.W., Kugler J., Hahn K., 
Struth U. (Mainz). 

09 07 041 Ethylene chemisorption on C~04• D1B 
Barbaux Y. (Lille). 09 13 015 Molecular conformation in D17 

Saubat B., Beaufils J.P. (ILL) . semicrystalline polymers. 
Fischer E.W., Struth U., Hahn K. 

09 07 061 Structure factor of graphite D2 (Mainz). 
intercalation compounds. 

0913015 Molecular conformation in D11 Mager! A. (ILL) . 
Zabel H., Rush J.J . (Illinois). semicrystalline polymers. 

Fischer E.W., Struth U., KuglerJ. 
09 08 014 Structure and dynamics of three INS (Mainz) . 

phases of tertiary butyl bromide. 
09 13 017 Fibre structure and deformation D11 Richardson R.M. (Bristol). 

Clark J.W., Leadbetter A.J. (Exeter). processes in polyethylene. 
Sadler D.M., Barham P.J. (Bristol). 

09 08 014 Structure and dynamics of three IN13 
09 13 020 phases of tertiary butyl bromide. Molecular motion in uniaxially IN10 

Richardson R.M. (Bristol) . oriented PEO crystals. 

Ward R.C., Clark J.W., Fischer E.W., Rennie A., Ewen B. 

Leadbetter A.J . (Exeter) . (Mainz) . 

09 11 014 Etude de la conformation du D17 09 13 027 Neutron powder diffraction on doped D1B 

xanthane et organisation des organic polymers. 

solutions aqueuses. Haesslin H.W. (Basel) . 

Rinaudo M., Milas M. (CNRS, Rieke! C. (Stuttgart). 

Grenoble). 09 13 TES Test run on D11 
Duplessix R. (Strasbourg) . polybetahydroxylbutyrate, a 

09 11 041* Short time reptation in polymers IN11 crystalline polymer. 

gels. Sadler D.M., Barham P.J ., Otun L. 

Richter D. (Juelich) . (Bristol). 

Ewen B., Stuehn H. (Mainz) . 09 14 005 See 09 14 326 

09 11 044 Molecular dimensions and shape of 011 09 14 017 SANS characterization of chain D11, D17 
linear epoxide resins in solution. deformation in plastically deformed 
Burchard W., Bantle S., amorphous polymers. 
Ter Meer H.U. (Freiburg). Escaig B., Lefebvre J.M. (Lilla). 

09 11 050 Effect of molecular weight on chain IN11 
Picot C. (Strasbourg). 

dynamics in bulk samples. 09 14 018 Polymer chain conformation in a D11, D17 
Higgins J.S., Ma K.T., Roots J .E. 09 14 027 rubbery network. 
(London). Picot C., Herz J., Beltzung M. 

09 11 054 Cross over from Rouse relaxation to IN11 
(Strasbourg) . 

hydrodynamic interaction in 09 14 020 Dimensions of a polymer chain in a D11, D17 
concentrated polymer solutions. crosslinked network. 
Richter D., Baumgaertner A. Richards R.W., Davidson N.S. 
(Juelich). (Glasgow) . 
Ewen B., Stuehn B. (Mainz). Maconnachie A. (London). 
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09 14 022 Conformation and interactions of D11 09 15 026 Conformation in two-phase D17 
isolated polymer coils in a shear polymeric systems. 
gradient. Higgins J.S., Carter A.J., 
Lindner P., Oberthuer R. (ILL). Maconnachie A., Muddle A.G. 
Kirste R.G. (Mainz). (London). 

09 14 023 Conformation of chain molecules in D11 09 15 031 Domain morphology of styrene- D17 
oriented amorphous polymers. isoprene block copolymers. 
Higgins J.S., Maconnachle A., Richards R.W., Thomason J.L., 
Muddle A.G. (London). Edwards C.J.C. (Strathclyde). 
Dettenmaier M., Kausch H.H. 09 15 039 Structure of some polymer+ soap 011, 017 
(Lausanne). aggregates in water. 

09 14 026 Radius of gyration in anisotropica11y 011 Cabana B. (Orsay). 

swollen gels. Duplessix R. (Strasbourg). 

Geissler E., Hecht A.M. (Chamb~ry). 09 15 046 Investigation of single phase polymer 011 

09 14 026 Radius of gyration in anisotropically D11 mixtures. 

swollen gels. Higgins J.S., Walsh D.J., 

Geissler E., Hecht A.M. (Cham~ry). Carter A.J. (London). 

Duplessix R. (Strasbourg). 09 15 047 Compatibility of polymer blends. D11 

09 14 027 See 09 14 018 Maconnachie A., Muddle A.G., 
Kambour R.P. (London). 

09 14 028 Conformation study of labelled paths D17 09 15 050 Self-organization of synthetic 011 
in dry and swoll.en polymer networks. polymer molecules. 
Bastida J., Picot C. (Strasbourg). Kirste R.G., Schmitt B.J., Schmitt-

09 14 028 See 09 14 039 Strecker S., Ohm H. (Mainz). 

09 14 029 Dimensions of a polymer chain in a D11, 017 09 15 058 Configuration of adsorbed 017 

crosslinked network. polyethylene oxide as a function of 

Richards R.W., Davidson N.S. coverage. 

(Glasgow). Cosgrove T., Crowley T.L. (Bristol). 

09 14 030 Dopant distribution in polyantylene D2, D11 
09 15 060 Structure of some polymer+ soap D17 

aggregates in water. 
fibres of different texture. Cabane B. (Orsay). 
White J.W., Naylor G. (Oxford). Duplessix R. (Strasbourg). 

09 14 039 Conformation study of labelled paths D11 09 15 061 Polymers confined in lamellar liquid D16, D17 
09 14 028 in dry and swollen polymer networks. 09 15 080 crystals. 

Bastida J., Picot C. (Strasbourg I. Cabana B., Kekicheff P. (Orsay). 

0915018 Domain interface dimensions in D17 Rawiso M. (ILL). 

block copolymers. Ouplessix R. (Strasbourg). 

Richards R.W., Thomason J.L. 09 15 075 The effect of solvent quality on the D17 
(Strathclyde). configuration of an adsorbed 

09 15 025 Investigation of single phase polymer D11 
polymer. 
Cosgrove T., Crowley T.L., Vincent 

mixtures. B. (Bristol). 
Higgins J.S., Carter A.J., 

09 15 080 See 09 15 061 Walsh D.J., Dodgson K. (London). 
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i . I. I . 
workshops 
and conferences 

Workshops organized by the I.L.L. in 1982. 

Workshop on "Neutron Scattering and the Dynamics of Polymers" (82 0B 11 T) 
(organized by R.C. Oberthur) 

Colloque sur les "Densites d'Electro·ns dans les Solides" 
en l'honneur de E.F. Bertaut (organise par P. Becker) 

Workshop on "Position-Sensitive Detection of Thermal Neutrons" 
(organized by P. Convert and J.B. Forsyth) 
Proceedings to be published by Academic Press 

International Conference on "The Impact of Polarised Neutrons on Solid-State Chemistry and Physics" 
Sponsored by the European Physical Society, la Societe Fram;aise de Physique, 
the Institute of Physics, die Deutsche Physikalische Gesellschaft 
(organized by P.J. Brown, R. Lemaire, J. Schweizer) 
Proceeding to be published in Journal de Physique. 

I.L.L. workshops published in 1982 

Neutron-Capture Gamma-Ray Spectroscopy and Related Topics 1981 
Proceeding of the Fourth International Symposium on Neutron-Capture 

I.L.L. 
March 29-30, 1982 

I.L.L. 
5-6 mai 1982 

I.L.L. 
October 11-12, 1982 

I.L.L. 
October 15-19, 1982 

Gamma-Ray Spectroscopy and Related Topics organised by the lnstitut Laue Langevin and held at the lnstitut 
des Sciences Nucleaires, Grenoble, France, 7-11 September 1981 
Edited by Till von Egidy, Friedrich Gonnenwein and Bernd Maier 
Conference Series Number 62, The Institute of Physics, Bristol and London. 

theses 
The experimental work of which was carried out at I.L.L. 

Rainer ANDERS 

Martine CUILLEL 

Franz JAHNEL 

Doktorarbeit vorgelegt vor der Fakultiit tar Physik der Ludwig-Maximilians-Universitiit Munchen, 7. Dez. 
1981 Bestimmung des kritischen Exponenten 11 der Korrelations-funktion sowie der Exponenten v und y von 
Nickel aus einem Neutronenstreuexperiment. 

These de Doctorat d'Etat, Grenoble, 1981 . Etude de la structure et de la morphogene~ du virus de la 
mosaique du brome. 

Ooktorarbeit vorgelegt vor der Technischen Universitiit Munchen am 2. Juli 1982 und angenommen durch 
die Fakultiit fur chemie, Biologie und Geowissenschaften am 29. Juli 1982 Reichweiteverteilungen von ione­
nimplantiertem Bohr-10 in Metallen. 
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Publications 
Internal Reports 1982 
T = Technical Reports 
G = General Reports 

82 FR 01 T 
A. FREUND. Quelques Propositions pour !'Utilisation du 
Rayonnement Synchrotron dans le Demaine de la Diffraction 
des Rayons X. 

82 CO 02 T 
P. CONVERT, J. BOUILLOT. Specifications Techniques Pr~­
liminaires de D 20. 

82 DI 03 G 
R. DIMPER. VISU - A microprocessor controlled data dis­
play program User Manual. Versions 1.0/82. 

82 EP 04 T 
F. EPAUD. Module de visualisation graphique pour le 
syst~me d'acquisition modulaire CAMAC. Display driver 
version 1 (DD.01) 

82 GH 05 G 
R.E. GHOSH. Flexible data storage for large multichannel ex­
periments at I. L. L. 

82 KN 06 G 
K. KNOWLES, R.E. GHOSH. RTTEK-RT 11 Graph plotting • 
routines 

82 OF 07 G 
OFFICE OF THE SCIENTIFIC SECRETARY. Status reports 
and description of special beam experiments at the ILL 1980-
1982 

82 LE 08 T 
M.S. LEHMANN. Computer programs for Diffractometers 
(Workshop on Instrumentation, Hahn-Meitner lnstitut, April 
19-20, 1982) 

82 SI 09 T 
P. SIMMS, P.A. TIMMINS. A 0°C to 250°C thermostatically 
controlled sample mount for neutron single crystal diffrac­
tometry 

82 BE 10 T 
A. BENTLEY, G. BENTLEY, M. ROTH, D.L. WORC­
ESTER. Proposal for a new small-angle neutron diffractometer 
for low-resolution crystallography 
Appendix 1. M. ROTH, A. BENTLEY : Outline for a low-re­
solution biological diffractometer. 
Appendix 2. A. FREUND : Monochromator for a biological 
diffractometer. 

82 OB 11 T 
R.C. OBERTHUER Ed. Workshop on 'Neutron Scattering 
and the Dynamics of Polymers'. ILL, Grenoble, March 29-30, 
1982. Abstracts. 

82 KN 12 G 
K. KNOWLES. RTTOF - Reading time-of-flight data under 
RT 11 

82 AL 13 T 
J.R. ALLIBON, M.S. LEHMANN. Manual for D 8 and D 9 
(and parts of D 10 and D 15). 

82 HA 14 T 
J.B HAYTER, J.P. HANSEN. The structure factor of 
charged colloidal dispersions at any density. 

82 GH 15 T 
R. GHOSH. Control of IN 6 - A time-of-flight spectrometer 
for quasi- and inelastic neutron cross-section measurements. 

82 FI 16 T 
A. FILHOL, P. SIMMS, A.F. WRIGHT 
Neutron Weissenberg Cameras. New Designs and Facilities for 
Sample Environments. 
82 ST 17 T 
U. STOEHLKER. Microprocessor-based timing device 
82 KU 18 T 
W.F. KUHS, M.S. LEHMANN. Reconstruction of the four­
circle diffractometer on the hot source : D 9 B. 
82 GR 19 T 
G. GREENWOOD. Simulated three-dimensional plotting 
program using a hidden-line technique for Tektronix and Ben­
son. 
82 CO 20 T 
P. CONVERT, J.B. FORSYTH, Ed. Workshop on 'Position -
sensitive detection of thermal neutrons'. ILL, Grenoble, 11-12 
October 1982. Abstracts. 
82 RI 21 T 
D.E. RIMMER. Computing and electronics department An­
nual report. 1981 . 
82 GA 22 T 
D. GABEL, B. LARSSON, H. BORNER. Boron-loaded mac­
romolecules in experimental physiology. 
82 SI 23 T 
G. SIEGERT, G. JUNG, E. KOGLIN, S. BALESTRINI, R. 
DECKER, H. WOLLNIK, K.D. WUENSCH. A fast alkali ion 
source for on-line fission yield measurements. 

82 LE 24 T 
A. LEWIT-BENTLEY, M. ROTH, G.A. BENTLEY. Low re­
solution neutron crystallography on D 17 : a practical guide. 

82 DI 25 G 
R. DIMPER. VISU - A microprocessor controlled data dis­
play program. User manual. Version 2.0/82 
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Publications in books, 
periodicals, 
conference proceedings, 1982 

I. - Publications 
with ILL Authors or Coauthors 
(code number from 101 to 440) 

82 DU 101 
D. DURAND, F. DENOYER, M. LAMBERT, L. BERNARD, 
R. CURRAT. Etude par Rayons X et par Neutrons de la 
Phase Incommensurable du Nitrite de Sodium. J. Physique 
43, 149-154 (1982) . 

82 Ml 102 
E. MICHELAKAKIS, W.D. HAMILTON, P. HUNGERFORD, 
G. JUNG, P. PFEIFFER, S.M. SCOTT. Levels and Transi­
tions in 142

• w, Ce populated following the B decay of 142
• 

144 La . 
J. Phys. G: Nucl. Phys. 8 (1982) 111 -152. 

82 AS 103 
M. ASGHAR, F. CATTUCOLI, B. LEROUX, M. MAUREL, P. 
PERRIN, G. BARREAU. Fission Fragment Energy Correla­
tion Measurements for 229 Th (nth• f) . Nuclear Physics A 373, 
225-236 (1982) . 

82 LI 104 
J. LIBERT, P. QUENTIN. Self-Consistent Description of 
Heavy Nuclei. I. Static Properties of some Even Nuclei. Phys. 
Rev. C 25, 571-585 (1982) . 

82 LI 105 
J. LIBERT, M. MEYER, P. QUENTIN. Self-Consistent De­
scription of Heavy Nuclei. II. Spectroscopic Properties of 
Some Odd Nuclei. Phys. Rev. C 25, 586-613 (1982). 

82 Al 106 
J.P. AIME, J. LEFEBVRE, M. BERTAULT, M. SCHOTT, 
J .O. WILLIAMS. Studies of a Polymerizable Crystal : I. Struc­
ture of Monomer pTS (bis-p-toluenesulphonate of 2,4-hexa­
diyne 1,6-diol} by neutron diffraction at 120 and 221 K. J. 
Physique 43, 307-322 (1982). 

82 ST 107 
M. STEINER, K. KAKURAI, W. KNOP, R. PYNN, J.K. 
KJEMS. Neutron Inelastic Scattering Study of Transverse 
Spin Fluctuations in CsNiF3 : A Soliton-Only Central Peak. 
Solid State Communications 41 , 329-332 (1982) . 

82 BO 108 
J.P. BOUCHER, H. BENNER, F. DEVREUX, L.P. REG­
NAULT, J . ROSSAT-MIGNOD, C. DUPAS, J.P. RENARD, 
J. BOUILLOT, W.G. STIRLING. Diffusive Solitons in Impure 
Sine-Gordon Chains: Experimental Evidence in 
(CD3 ) 4NMn I1 -<ICu

0
Cl3 . Phys. Rev. Lett. 48, 431-433 (1982). 

82 DE 109 
R. DECKER, K. -D. WONSCH, H. WOLLNIK, G. JUNG, E. 
KOGLIN, G. SIEGERT. A Hyperpure Germanium Detector 
for Precise Beta Endpoint Energy Determinations. Nucl. In­
strum. & Methods 192, 261-272 (1982). 

82 FA 110 
M. FAUCHER, J. PANNETIER, Y. CHARREIRE, P. CARO. 
Refinement of the Nd2O3 and Nd202S Structures at 4 K. Acta 
Cryst. B 38, 344-346 (1982) . 

82 MA 111 
R.P. MAY, K. IBEL, J. HAAS. The Forward Scattering of 
Cold Neutrons by Mixtures of Light and Heavy Water. J. 
Appl. Cryst. 15, 15-19 (1982). 

82 WA 112 
C.N.J. WAGNER, H. RUPPERSBERG. Topological and 
Chemical Short-Range Order in Amorphous Ni-Ti Alloys. AIP 
Conference Proceedings, Nr. 89, Neutron Scattering-1981 , 
American Institute of Physics 1982, New York, 258-260. 

82 LE 113 
A. LEBLE, J .J . ROUSSEAU, J.C. FAYET, J. PANNETIER, 
J.L. FOURQUET, R. DE PAPE. Order-Disorder Transition of 
NH4AIF4 through EPR Investigations. Phys, Stat. Sol. (a) 69, 
249-256 (1982). 

82CH114 
S.L. CHAPLOT, N. LEHNER, G.S. PAWLEY. The structure 
of Anthracene-d10 at 16 K using Neutron Diffraction. Acta 
Cryst. B 38, 483-487 (1982). 

82 RE 115 
H. REBBAH, J. PANNETIER, B. RAVEAU. Localization of 
Hydrogen in the Layer Oxide HTiNbO5 • J. Solid State Chem. 
41 , 57 -62 (1982). 

82 SC 116 
K. SCHRECKENBACH, A.I. NAMENSON, W.F. DA­
VIDSON, T. VON EGIDY, H.G. BORNER, J.A. PINSTON, 
R.K. SMITHER, D.D. WARNER, R.F. CASTEN, M.L. 
STELTS, D.H. WHITE, W. STOFFL. Rotational-Vibrational 
Band Structure in 166 Sm. Nucl. Phys. A 376, 149-182 (1982) . 

82 BA 117 
H.D. BARTUNIK, P. JOLLES, J . BERTHOU, A.J. DIA­
NOUX. lntramolecular low-frequency vibrations in lysozyme 
by neutron Time-of-Flight spectroscopy. Biopolymers 21, 43-
50 (1982). 

82 DO 118 
B. DORNER. Coherent Inelastic Neutron Scattering in Lattice 
Dynamics. (Springer Tracts in Modern Physics, Vol. 93) (96 
pp) (Springer-Verlag 1982). 

82 LA 119 
F.K. LARSEN, P.J. BROWN, M.S. LEHMANN, M. MERI­
SALO. Temperature Dependence of Thermal Vibrations in 
Beryllium as Determined from Short-Wavelength Neutron 
Diffraction Data. Phil. Mag. B, 46, 31 -50 (1982). 

82 FA 120 
H. FAUST., P. GELTENBORT, F. GONNENWEIN, A. OED. 
Determination of the isobaric elemental yields in velocity 
selected fission products. Nucl. lnstrum. & Methods 193, 577-
580 (1982) . 

82 RE 121 
L.P. REGNAULT, J.P. BOUCHER, J . ROSSAT-MIGNOD, 
J.P. RENARD, J. BOUILLOT, W.G . STIRLING. A neutron 
investigation of the soliton regime in the one-dimensional 
planar antiferromagnet (CD3 ) 4NMnCl3 • J . Phys. C 15, 1261-
1282 (1982). 

82 DU 122 
J. DUPUY, J .F. JAL, C. FERRADOU, P. CHIEUX, A.F. 
WRIGHT, R. CALEMCZUK, C.A. ANGELL. Controlled 
nucleation and quasi-ordered growth of ice crystals from low 
temperature electrolyte solutions. Nature 296, 138-140 (1982). 

82 KA 123 
K. KAWADE, G. BATTISTUZZI, H. LAWIN, H.A. SELIC, K. 
SISTEMICH , F. SCHUSSLER, E. MONNAND, J .A. 
PINSTON, B. PFEIFFER, G. JUNG. Excited o + -Levels in 
98Zr. 2. Phys. A. 304, 293-299 (1982) . 

82 JO 124 
H. JOBIC. Neutron Inelastic Scattering from Oriented and 
Polycrystalline Polyethylene : Observation and Polarization 
Properties of the Optical Phonons. J . Chem. Phys. 76(5), 
2693-2696 (1982). 

82 AL 125 
B. ALEFELD, I.S. ANDERSON, A . HEIDEMANN, A. 
MAGERL. S.F. TREVINO. The measurement of tunnel states 
in solid CH~NO2 and CD3NO2• J . Chem. Phys. 76(5), 2758-
2759 (1982). 

82 EL 126 
G.F ELLIOTT, Z. SAYERS, P.A. TIMMINS. Neutron Diffrac­
tion Studies of the Corneal Strama. Letter to J. Mol. Biol. 
155, 389-393 (1982) . 

82 JO 127 
T. JOHANSSON, H.A. GUSTAFSSON. B. JAKOBSSON, P. 
KRISTIANSSON, B. NORl:N, A. OSKARSSON, L. CARLl:N, 
L. OTTERLUND, H. RYDE, J . JULIEN, C. GUET, R. BER­
THOLET, M. MAUREL, H. NIFENECKER, P. PERRIN, 
F. SCHUSSLER, G. TIBELL, M. BUENERD, J.M. LOISEAUX, 
P. MARTIN, J.P. BONDORF, O.B. NIELSEN, A.O.T. 
KARVINEN, J. MOUGEY. Subthreshold Pion Production in 
Heavy-Ion Collisions at 85 A MeV. Phys. Rev. Lett. 48, 732-
735 (1982) . 

82 HA 128 
F.D.M. HALDANE. Quantum Fluid Ground State of the 
Sine-Gordon Model with Finite Soliton Density : Exact Re­
sults. J . Phys. A 15, 507-525 (1982). 

82 PY 129 
R. PYNN, M . STEINER, W. KNOP, K. KAKURAI, J .K. 
KJEMS. Solitons in the One-Dimensional Planar Ferromagnet 
CsNiF3 In " Non Linear Phenomena at Phase Transitions and 
Instabilities". T. Riste Ed. (Plenum Press, 1982) p. 97-103. 
Proc. of a NATO Advanced Study Institute held at Geilo, Nor­
way, March 29 - April 9, 1981. 

82 BA 130 
S.A. BARRETT, A .J . JACOBSON, B.C. TOFIELD, B.E.F. 
FENDER. The preparation and structure of barium uranium 
oxide BaUO3 +<. Acta Cryst. B 38, 2775-2781 (1982). 
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82 VI 131 
F. VIGNERON, M. BONNET, A. HERR, J. SCHWEIZER. 
Neutron diffraction study of GdBe13 magnetic structure. J . 
Phys. F 12, 223-32 (1982). 
82 KA 132 
J . KALUS, H. HOFFMANN, K. REIZLEIN, W . ULBRICHT, K. 
IBEL. Small angle neutron scattering measurements on ionic 
detergent solutions with rodlike micelles. Ber. Bunsenges. 
Phys. Chem. 86, 37-42 (1982). 
82 FI 133 
W.J. FITZGERALD, D. VISSER, K.R.A. ZIEBECK. One-di­
mensional magnetic correlations in the antiferromagnet 
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