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Application for use of I.L.L. facilities. 

All research proposals should be sent to the Office of the Scientific Secretary : 

B. MAIER 
lnstitut Laue-Langevin 
156X 

38042 Grenoble Cedex 

France 

Tel. (76) 97.41.11 poste82.44 

Appropriate forms are obtainable on request from this office. 

The closing dates for acceptance of applications are as follows : 

August 31 and February 15. 

All proposals are submitted to the Scientific Council for approval. 

The general regulations of the ILL and all information necessary for carrying 

out an experiment at the HFR will be sent to the applicants upon acceptance 

of their proposals. 

It should be noted that the ILL in general provides free of charge the neutron beams 

and standard measuring equipment, such as existing spectrometers, counters, stan­

dard cryostats and shielding equipment. Other special equipment, in particular sam­

ples, must be provided by the user. 

The ILL pays for travel and subsistence of one experimentalist per experiment for 

personnel from laboratories of the 3 member countries. 
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l'institut max von laue-paul langevin 
L'institut Max von Laue - Paul Langevin (ILL) de Grenoble a ete cree officiellement 
en janvier 1967 par la signature d'un contrat entre les gouvernements de la France 
et de la Republique Federale Allemande. Le but etait de mettre a la disposition de 
!'ensemble des scientifiql.1€s des pays membres une source de neutrons unique en son 
genre et utilisable dans divers domaines tels que la physique de l'etat condense, la 
chimie, la biologie, la physique nucleaire et la physique des materiaux. La construc­
tion de l'institut et de son reacteur a haut flux fut realisee conjointement par la 
France et I' Allemagne, les capitaux investis s'elevant a 335 millions de francs 
franc;ais. Le reacteur divergea en aout 1971 et atteignit pour la premiere fois sa 
pleine puissance de 57 MW en decembre 1971. L'annee 1972 vit la mise en service 
des sources froide et chaude, des premiers dispositifs experimentaux et marqua le 
commencement du programme experimental. Le 1 er janvier 1973, le Royaume­
Uni devint le trois ieme partenaire associe a parts egales de l'institut, apportant sa 
quote part a l'investissement total. Une nouvelle convention fut alors signee en 
juillet 1974 par les ministres competents de chacun des trois pays membres. 
Aux termes de la loi franc;aise l'I LL est une societe de droit civil. Les trois pays sont 
representes par les organismes suivants : 

«Gesellschaft fur Kernforschung mbH Karlsruhe», Allemagne 
Centre National de la Recherche Scientifique, France 
Commissariat a l'Energie Atomique, France 
«Science Research Council», Royaume Uni. 

Ces associes sont representes par un comite de direction qui fixe les regles generales 
de gestion de l'I LL. L'institut a a sa tete un directeur et deux directeurs adjoints, 
tous trois nommes pour une periode de cinq ans. Le directeur est nomme a tour 
de role par le p~rtenaire allemand ou britannique, les deux directeurs adjoints par 
les associes n'ayant pas designe le directeur. Un conseil scientifique, dont les mem­

bres sont nommes par les associes, conseille le directeur dans !'elaboration du program­
me scientifique et sur les problemes pratiques lies a sa realisation . 
L'ensemble des scientifiques util isateurs de l' I LL est represente dans huit sous­
comites du conseil scientifique. I ls se reunissent deux fois par an pour choisir parmi 
les projets de recherche qui leur sont soumis, ceux qui seront realises sur les appa­
reils de l'I LL. Un autre sous-comite du conseil scientifique est charge des questions 
d'instrumentation et sert de lieu de rencontre entre l'I LL et ses utilisateurs ex­
terieurs. 
Le but de l'ILL differe ainsi fondamentalement de celui de la plupart des autres 
instituts de recherche. II constitue une facilite centrale creee de telle sorte que les 
specialistes en chimie, physique, biologie et metallurgie appartenant aux labora­
toires des pays membres puissent utiliser cette puissance unique de techniques 
neutroniques pour attaquer leurs problemes sur un plus large front. Concevoir et 
faire fonctionner les instruments, aider les utilisateurs exterieurs a mener a bien 
leurs experiences, telles sont les taches principales des chercheurs ILL. L'utilisation 
experimentale des instruments par le personnel ILL est soumise aux memes regles 
d'approbation que celles appliquees aux equipes exterieures. 
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Des Secretaires d'Etat visitent l'ILL 

En 1976 les Secretaires d'Etat, responsables de la recherche dans deux des trois 
pays membres, ont visite l'lnstitut. En janvier, Monsieur Fred ,Mulley, Secretaire 
d'Etat britannique pour !'Education et la Science a passe ~n jour a I' ILL au cours 
duquel ii a visite le reacteur et s'est entretenu avec quelques membres du person­
nel. Le 4 mars, Monsieur le Dr. Volker Hauff, Secretaire d'Etat parlementaire 
allemand, visitait le reacteur ainsi que le hall d'experimentati.on. 
Sur les photos on peut voir Monsieur Mulley dans la zone controlee du reacteur 
puis Monsieur le Dr. Hauff a qui l'on presente le spectrometre a trois axes IN2. 
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introduction 
CONSIDERATIONS GENERALES SUR LES ACTIVITES DE L'INSTITUT 
EN 1976 

L'I LL, en sa qualite d'institution centrale, a plusieurs importantes fonctions a 
remplir. Parmi ses principales attributions figurent : 

1. La mise a la disposition de tous les laboratoires et instituts de recherches 
des trois Etats membres des faisceaux de neutrons de son reacteur a haut 
flux, et la realisation, a l'aide de ceux-ci, d'un vaste programme d'essais et 
d'experiences, en collaboration etroite entre des utilisateurs du reacteur venant 
de l'exterieur, et son propre personnel. 

2. La mise au point d'appareillages de technique avancee permettant aux fais­
ceaux de neutrons d'etre utilises avec des possibilites de mesures ameliorees 
et ouvrant la voie a de nouveaux domaines d'application. 

3. La constitution d'un forum, permettant en permanence un echange intensif 
d'experiences entre les collaborateurs scientifiques travaillant sur les diffe­
rentes installations de recherches en service a l'ILL. 

NUMBER OF PROPOSALS 
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Fig. 1 

Evolution du nombre des propositions soumises en fonction des reunions du Conseil Scientifique. 
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for experiments 

1973 

Fig. 2 b) 

1974 1975 1976 

year 

Developpement du nombre de jours d'uti­
lisation des appareits pendant les pre• 
mieres annees de fonctionnement du reac-
teur. 

On a pu continuer en 1976 a mener a bien ces taches importantes dans des con­
ditions relativement satisfaisantes. Une priorite absolue a ete en !'occurrence don­
nee a la realisation du. programme d'essais approuve par le Conseil Scientifique, 
une fois de plus, ce qui, sur le plan des effectifs, souleve des problemes dans une 
proportion croissante eu egard a la mise en service de nouveaux appareils et au 
manque de tech,:iiciens. 

Les temps de mesure demandes sur les differents spectrometres a neutrons et sur 
les faisceaux de neutrons directement utilises continuent a etre en augmentation, 
ainsi que le montre la figure 1. Les Sous-Commissions du Conseil Scientifique ont 
de plus en plus tendance a accorder un temps de mesure plus important a un nom­
bre d'experiences plus restreint, pour avoir !'assurance que les experiences acceptees 
pourront etre effectivement menees a bonne fin. 
En 1976, 696 experiences ont ete entreprises, avec la participation de 981 colla­
borateurs scientifiques appartenant a 178 laboratoires differents repartis dans 
21 pays. La realisation de ce programme d'essais, aussi astreignant que vaste, n'a 
·ete possible que grace a la contribution personnelle intense apportee par les colla ­
borateurs scientifiques et techniques de l'lnstitut, et aussi grace au fait qu ' il' a ete 
possible, durant cette periode de 1976 encore, de faire fonctionner le reacteur 
avec une regularite particulierement satisfaisante. 

Le tableau ci -apres donne une vue recapitulative d'ensemble du programme de 
mesure scientifique realise en 1976, en fonction des differents domaines de tra ­
vail et appareillages concernes . 



PROGRAMME EXPERIMENTAL DU 1er JANVIER AU 31 DECEMBRE 1976 

Nombre de Nombre 
Principaux domaines jours d'utili- Nombre d'appareils 
scientifiques concernes sation des d'experiences mis a con-

appareils tribution 

Biologie 255 75 5 

Chimie 356 80 10 

Structures cristallines 767 82 10 

Structures magnetiques 624 70 9 

Liquides et substances 
amorphes 607 75 11 

Diffusion diffuse 340 66 8 

Phonons 512 65 8 

Magnons 118 13 5 

Transitions de phase 229 25 11 

Physique nucleaire 845 75 5 

Essais scientifiques etc ... 364 70 22 

Total 5 017 696 28 

Experiences pour le 
developpement des mono- 546 105 
chromateurs et des instru-
ments (y compris 013) 

Outre la realisation du programme de mesures experimentales, la mise au point 
de nouveaux instruments et de nouvelles techniques de mesure s'est poursuivie 
dans le cadre des disponibilites en personnel et financieres existantes, et dans cer­
tains cas en etroite collaboration avec d'autres laboratoires de recherches des trois 
Etats membres. La mise en service imminente du nouvel appareil a faible dispersion 
angulaire 017 devrait permettre d'eliminer tres prochainement, sur le plan expe­
rimental, un goulot d'etranglement particulierement serieux. Les travaux entrepris 
sur la source de neutrons ultra-fro ids PN 5, sur le spectrometre spin-echo IN 11, 
sur le spectrometre a trois axes IN 12 et sur l'interferometre a neutrons D 18 en 
sont a un stade avance. On a commence !'elaboration de projets pour un certain 
nombre de spectrometres a neutrons, dont quelques-uns de technique avancee. 
Parallelement aux travaux sur les spectrometres proprement dit, on a poursuivi les 
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travaux de recherches portant sur la mise au point d'installations auxiliaires ins­
trumentales, qui revetent une importance determinante pour une exploitation 
rationelle du reacteur . D'importants progres ont ete realises dans ce domaine, 
particulierement au niveau de la mise au point de puissants monochromateurs, 
de polariseurs de spin et d'analyseurs. Les travaux sur les detecteurs de neutrons 
a sensibilite de position ont egalement poursuivi leur progression . 

L'annee 1976 egalement s'est caracterisee par un excellent coefficient d'exploi­
tation pour le reacteur. Le reacteur a fonctionne durant 98,9 % du temps dispo­
nible global. Au cours de l'exercice considere, ii ne s'est produit aucun incident 
de caractere nucleaire, qui aurait pu etre prejudiciable au bon etat de fonction­
nement du reacteur. Aucun collaborateur n'a ete expose a un taux de radiations 
superieur a la limite annuelle toleree. 

La charge de travail imposee a l'ordinateur central de l'ILL (systeme 1070, PDP 
10) se rapproche du maximum que celui -ci est capable d'absorber. Le traitement 
direct des donnees mobilise une fraction toujours plus importante du temps de 
calcul global disponible, au detriment du temps qui peut etre consacre a des tra­
vaux de recherches proprement dits. Etant donne que !'evolution scientifique de 
l'lnstitut peut etre, a longue echeance, serieusement affectee par la limitation de 
la capacite de travail de l'ordinateur, ii faudra, dans un avenir pas tellement eloi ­
gne, trouver une solution aux problemes d'ordinateur de l'institut. 
L'elaboration d'un projet et le choix d'un nouveau systeme d'ordinateur pour rem­
placer le systeme 'Nicole' depasse, ont occasionne un travail important, qui a ce­
pendant pu etre acheve pour la fin de l'annee. La realisation du nouveau systeme 
pourrait demander deux annees de travail, auquel cas on prevoit un deroulement 
des operations de mesures experimentales exempt de perturbations au niveau des 
spectrometres concernes. 

Les efforts entrepris pour instaurer une rationalisation au sein de I' lnstitut se sont 
poursuivis. Une fois encore, on est parvenu, par des regroupements de personnel, 
a renforcer, de fac;on extremement modeste, le groupe de techniciens disponible 
pour les travaux experimentaux. Mais les reserves cachees de l'lnstitut sont main­
tenant pratiquement epuisees. Les groupes preposes aux instruments ont ete reor­
ganises dans le but d'une part d'aboutir a une utilisation rationelle des collabora­
teurs techniques par la creation de groupes suffisamment importants, et d'autre 
part de rendre possible un contact direct entre des collaborateurs scientifiques 
et les chefs de groupes nouvellement mis en place. 

Le budget global de l'l LL s'est monte, en 1976, a 89,9 millions de francs, pour 
un effectif de 397 personnes (a la date du 31 Decembre 1976). 

Plusieurs groupes d'etudes de projets s'occupent des orientations futures possi­
bles de l'lnstitut. A cet egard, ii convient en particulier de citer les etudes con­
cernant !'augmentation des installations d'experimentation existantes par le recours 
a des neutrons froids, par exemple en apportant des modifications au systeme 
guide neutrons actuel , ou en prevoyant une seconde source froide. 



Les travaux d'etablissement des donnees et documents, qui doivent servir de base 
aux gouvernements des trois Etats membres pour la decision a prendre sur la duree 
de reconduction des activites de l'lnstitut, battent leur plein. Une commission 
a vocation technique, chargee de donner une estimation conforme a la realite de 
la duree de vie du reacteur, s'occupe de !'elaboration d'un rapport, qui fera etat 
des etudes technologiques applicables courantes. Parallelement a ces travaux, des 
previsions sont en preparation sur le programme de recherches a long terme de 
l'I LL, avec la participation simultanee de collaborateurs scientifiques de 1'1 LL 
et d'utilisateurs du reacteur venant de l'exterieur. 

La realisation pratique de l'enorme programme d'experiences et du programme 
de mise au point des appareils devient de plus en plus difficile a mener a bien par 
suite de !'existence de goulots d'etranglement qui concernent a la fois le personnel 
et les equipements. Un certain nombre d'appareils donnent des signes de fatigue 
resultant de phenomenes de vieillissement, qui constituent pour l'avenir un se­
rieux motif de preoccupation. II existe egalement de serieux problemes au niveau 
des stocks de pieces de rechange et du personnel charge des reparations, en raison 
de la situation financiere de l'lnstitut. Les consequences d'une dotation relativement 
trop faible en moyens de recherches et d'investissement, mesuree au niveau de 
!'ensemble de !'exploitation, se font de plus en plus sentir. En 1976, on n'a pu 
mettre en service qu'un seul nouveau spectrometre, a savoir le D 17. Les travaux 
de mise au point entrepris sur deux autres spectrometres (le spectrometre 'herisson' 
D 6 et le systeme multidetecteurs-camera de television D 14) ont ete interrompus, 
pour assurer une plus forte concentration des moyens existants sur les plans des 
finances et du personnel. On a du ralentir dans des proportions draconiennes les 
travaux de mise au point sur d'autres spectrometres et toute une serie d'autres 
projets, pour des raisons financieres. Une telle situation peut, pour autant qu'elle 
se prolonge encore, avoir de tres serieuses repercussions sur la qualite du programme 
scientifique et sur la place de tout premier rang a laquelle l'lnstitut etait parvenu 
a acceder dans son temps d'existence relativement court . 

Le rapport qui va suivre donne une vue d'ensemble de la situation des installations 
experimentales de l'I LL et des travaux scientifiques effectues en 1976, ainsi que 
des principales activites administratives et techniques de l'lnstitut. 

Un second valet de ce rapport a ete consacre a une description plus detaillee des 
differentes experiences effectuees. 

Grenoble, le 3 janvier 1977 

R. L. Mossbauer 
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instrumentation 

introduction 
The instrument construction programme continued vigorously in 1976, subject 

to the limits of finance and staff. Only one new instrument was finished but four 

should be completed in 1977. The development of a number of instruments at 

the ILL since the start of normal reactor operation is shown in Figure 3, which 

also reflects the fact that the number of instrument positions is approaching 

saturation . This is particularly true for instruments which need cold neutron 

beams. There is a growing demand in this area and the only alternatives open, 

apart from constructing another cold source (which is being studied in connection 

with the long-term scientific future of the ILL), are to increase the utilisation of 

existing beams and to shut down some instruments. 
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The operation of the instruments has been generally satisfactory because of con­

tinuous investment in them, although many instruments are now showing the 

effects of having been designed and built for approximately five years. For 

example, the speed of movement of many instruments suffers, not only because 

of crowding on the central control computers CARINE and NICOLE, but also 

because of the mechanics used . Delays due to the computers have been reduced 

by re-arrangements and by giving some instruments into dedicated computer 

control, and the new NICOLE replacement will help in this respect . A new type 

of mechanical drive is being developed for I N12. 

New instrument groups were formed in 1976 in order to facilitate improvements 

and operation of the existing machines. Each group is headed by a Senior Scientist 

and assisted by a Group Co-ordinator, and in some cases an Engineer has been 

attached to a new group. The Central Group, created in 1975, has continued to 

work well, but because of the considerable lack of technicians, many of the mem ­

bers of it have had to work for long periods attached to given instruments during 

1976. 

The demand for time on instruments at the ILL has continued to increase and 

Figure 4 shows a breakdown of the requested and allocated days on different 

instruments during 1975 and 1976. The pattern shows a strong interest in all 

areas, with particularly high over-subscription in the inelastic scattering and nuclear 

physics areas. In addition to the growth of scheduled experiments, an increased 

number of test experiments has been encouraged in response to requests from 

a number of Subcommittees of the Scientific Council. On some instruments 

definite periods of time for test experiments have been set aside and these also 

give some flexibility for experiments on samples which deteriorate rapidly etc. 

One area which has grown considerably is the area of special beam experiments. 

These experiments usually stay at the ILL for many months and some of the 

activities going on are summarised in the tables which follow. It is expected that 

this class of experiment will grow and, as a result, special funding arrangements 

may have to be made since the cost for each experiment is much greater than for 

the other types of experiment at the ILL. 

New instruments at present in the planning stage meet both the criterion of in ­

novation from the point of view of technique, and satisfaction of demand in the 

most over-loaded areas. The ILL will continue this policy of instrument develop­

ment and some of the details are summarised in the annexed tables. 
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A cutaway view of the reactor and some of the associated beam tubes 
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Instruments Total operating 

time (days) 

IN1 231.1 

IN2 234.9 

IN3 203.0 

IN4 233.7 

IN5 212.8 

IN7 127.2 

INS 231.6 

IN10 224.7 

01A 254.9 

018 247.5 

02 241.9 

03 190.7 

04 249.7 

05 23J.3 

06 

07 179.2 

08 211.7 

09 232.7 

010 231.0 

011A 233.1 

0116 

012 

013 244.5 

015 98.7 

016 171.9 

017 

PN1 210.0 

PN2 230.0 

PN3 (Gl) 237.8 

PN3 (G2/3) 172.2 

PN4 48.3 

PN5 
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INSTRUMENT OPERATING STATISTIC: 

THE REACTOR HAS OPERATED FOR 262.4 DAYS DURING THE YEAR 

(5.1 days were recuperated by 

Loss of beam Coll. Coll. Coll. Coll. Coll . Coll. Coll. Internal test ,feasibility 
time (days) 3 4 5 6 7 8 9 and instrument improv 

ment experiments. 

31.3 73.1 25.8 53 .6 48.8 29.8 

27.5 180.7 21.9 22 .8 7.5 2.0 

59.4 115.4 47.6 22.8 17.2 

28.7 60.8 31.9 82.8 39.7 18.5 

49.6 22.8 85 .3 34.2 69 .5 1.0 

135.2 8.7 14.0 104.5 

30.8 188.3 6.9 12.3 6.4 17.7 

37.7 36.6 31 .3 47 .7 17.5 74.4 17.2 

7.5 201 .1 3.0 6.3 44 .5 

14.9 129.7 14.7 47 .7 55.4 

20.5 150.2 43.8 47 .9 

71.7 171.7 19.0 

12.7 220.9 6.0 22 .8 

25.1 16.2 127.3 58.2 35 6 

83.2 2.7 10.0 133.7 32 .8 

50.7 81.8 121 .1 8.8 

29.7 159.9 19.9 52.9 

31.4 10.3 165.7 5.0 50 .0 

29.3 6 .3 19.0 59 .3 94.9 43 .2 10.4 

17.9 244.5 

33.2 94 .1 4 .6 

90.5 60.7 87.2 3.0 21 .0 

52.4 185.0 25.0 

32.4 220.0 10.0 

24.6 231 .8 6 .0 

90.2 160.2 12.0 

48.3 



(JANUARY TO DECEMBER 1976) 

5.7 DAYS WERE AFFECTED BY UNSCHEDULED SHUT-DOWNS 

xtend ing the operating cycle) 

Comments 

Instrument out of commission for modifications until 7 /2/ 76 

Loss of beam time includes chopper and guide replacement 

Instrument modification and uprating in progress . Delays due to counter housing manufacture difficulties . 

18.0 days of effective beam time lost due to a computer fault 

Loss of beam time includes 14 days for installation of new shielding 

'---

Instrument mod i f ica t ions and tests ccntinued until September 1976 

Loss of beam time includes changing instrument mode to polarised neutrons 

Loss of beam time mainly due to control computer (CARINE) difficulties 

Test t1me includes commissioning of 4 circle closed loop cryostat 

Continuation of instrument test and calibration programme 

14 approved experiments carried out• Instrument to be fully scheduled from January 1977 

61 experiments carried out • crystal mosaic spread, reflectivity, topography, etc. 

Full scheduling commenced 21 /6/76 

During 1976 this instrument was out of commission for 1.5 reactor cycles· modifications 

Programme of commissioning experiments in progress 

Operational time includes decay measurements during shut down period. Loss of beam time includes 21 days for source changing modifications 

Loss of beam time includes 1 reactor cycle for PDP-11 replacement and 21 days for source changing modifications 

Use restricted by experimental requirement and positioning of PN3 (G.1) 

Installation proceeding-commissioning w.e.f. April 1977. 
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TABLE II - PROJECTS IN PROGRESS (1976) 

IN12 Conventional triple axis spectrometer on a cold neutron guide. Completion of the monochromator assembly 
and Tanzboden was effected during 1976 and it is expected that preliminary evaluation experiments will corn-
mence in October 1977. 

IN9 Time-of-flight spectrometer with polarized proton filter . The development of this instrument re-commenced 
in May 76 after being moved to a permanent position taking a waste beam from IN 10. Polarization by the 
filter is 90% with a transmission of 45% and 3% for parallel and anti-parallel spins respectively. Electronic 
stabi lity and reliability have been increased dur ing 1976 following the loan of equipment from the Ru therford 
laboratory . Development work is continu ing . 

IN11 During 1976 work continued to complete the mechanica l installat ion of th is instrument. Software and computer 
control requ irements were also completed . Tests were continued during the year on the development of pola -
rised beam benders and the final version result ing from this work will be installed in February 1977. Conse-
quently the first spin-echo tests wi II commence in the Spring of 1977 . 

O11B This small angle and diffuse scattering spectrometer is mechanically operational. Detectors and electronics 
linked to the PDP 11/40 have been successfully tested and software development has continued . Cryostat and 
sample changer, developed by ILL/ Rutherford laboratory, have been tested . Further extensive tests are conti -
nuing . 

O18A The construction of this neutron interferometer continued during the year . An X-ray beam has been incor-
porated into the design and wi ll be used fo r al ignment purposes . The instrument wi ll be operational dur ing 
the course of 1977. 

PN5 T he installation of th is ultra-cold neu tron source cont inued during the year . The external guides have been 
tested and the in-pi le sec ti on is ready for installat ion. The completed facility should be ready in May, 1977 
and will have 3 measuring positions . 

TABLE Ill - PROJECTS UNDER DEFINITION 

IN10B The scientific and technical definition of this instrument is now complete . Experimental conditions envisaged 
are as for the present IN10 . Further progress on this project is dependent upon the budgetary situation . 

IN13 This backscattering spectrometer with an energy range up to 200 ueV is now fully defined . Further progress 
on this project is also dependent upon the budgetary situation . 

0188 Polarised neutron version of t he neutron interferometer. 

IN5B Thi s proposal , for a new h igh resolut ion t ime-of-fl ight spectrometer, was submitted to the Instrument Sub-
committee of the Scient i f ic Counci l in October 1976 . Work is cont inu ing on the scien t ific defin ition and siting 
of th is instrument . 
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Polarisation Devices 

019 (multidetector) 

Monochromators 

Instrument 

S4 

S6 

S 10 

S13 
S 20 
S 21 
S 22 
S 23 
S 25 
S 28 
S 30 
S 32 
S 33 
S 36 
S 37 

S 38 

S 39 

S 31 

S 40 

S 41 
S42 

TABLE IV - SPECIAL PROJECTS 

Development vvork on new techniques for producing polarised neutrons has been concentrated in two areas : 
supermirror polarisers and polarising beam benders . With the former device, a polarisation efficiency of 
better than 99% has been achieved , whilst the joint ILL/Rutherford Laboratory project to construct a 
polarised beam bender for IN 11 has resulted in the successful testing of the prototype version. The manu­
facture of two definitive benders for INl 1 is almost complete. 

Construction of this 2-dimensional multidetector was started in 1976 after feasibility studies in mid-1975. 
With 512 horizontal and 16 vertical elements in high pressure 3He gas it will have good r~solution and ef­
ficiency at relatively short wavelengths, and will be used for high resolution protein crystallography as 11111!11 
as for biological and chemical problems . 

With its own data collection and processing system, D19 will be used from early 1978 as an autonomous 
unit on the existing diffractometers D8, D9 and D16 . 

During 1976 maximum effort was concentrated on monochromators for long wavelength neutrons, resultiny 
in the production of Ge and Si crystals showing considerable improvement . In addition, the anisotropic 
mosaic spread can be controlled during production . A joint project by the M .P .I., Stuttgart and ILL to 
develop and produce good quality Beryllium single crystals was commenced during the year and has already 
shown promising results . 

TABLE V - SPECIAL EXPERIMENTS 

Beam Experiment Title 
Position Number 

H 18 L 03-03-010 Magnetic moment of the neutron 
H 25 U 07-04-002A In-Beam N.M.R. 

~

03-03-052 ( n, p) , ( n, a) in n-deficient nuclei 
H 22W 03-03-053 (n, a), (n, ,'a) in medium and heavy nuclei 

03-03-054 (n, a), (n, f) of heavy isotopes 
H 17 U/M 06-02-009 He surface 
H 24W 07-03-045 Neutron Topography 
H 24W 05-01 -100 High precision lattice parameters 
IH 3 03-03-008 Neutron bottle (ultra cold neutrons) 
IH 3 03-03-007 Neutron Storage ring (ultra cold neutrons) 
H 22 M 03-03-011 Protein content in seeds 
H 23 L 03-03-015 Isotope separator - OSTIS 
H 25M 03-04-001 Concentration profiles by (n, a) and (n , p) reactions 
H 14 (special) 01 -003R h/m determination 
H14 03-03-018R ga/gv from free {3--decay 
H 14 03-03-037 Parity violation in 114Cd and 11 8sn, etc. 
H18 03-03-038 Neutron half life !03-03-054 (n , a) and ( n, f) of heavy isotopes 
IH 1 03-03-055 Mass distribution for 231 Pa, 237Np (n, f) reaction 

03-03-060 Emission of 2 I ight particles in 235u (n, f) 
H 22W 03-03-056 One and two phonon decay in n + 3He capture 

{ 03-03-058 ,'-directional distribution from oriented nuclei 
H 22 U 03-03-059 ,'·,'directional correlation after n-capture 

No beam 03-05-001 Neutrino cross-section and neutrino oscillations 
requirements 

03-05-002 PNC effects in polarised neutron optics 
H 25W 5-16-51 Change of domains in aFe203 
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instruments which became operational 
in 1976 
THE LOW-q, HIGH RESOLUTION SPECTROMETER D17 

D17 is a 2-axis spectrometer, with multidetector, for scattering experiments in 

the scattering vector (q ) range 5.10-3 A-1 to 1.0 A- 1, requiring high resolution. 

It is thus designed for studying high order diffraction peaks of large periodical 

structures. It can also be operated as a classical small angle scattering spectro­

meter and will take in charge part of the small angle scattering experiments cur­

rently carried out on D11, an apparatus, up to now, heavily overloaded. 

017 : new small ­
angle scattering ins­
trument 



017 is equipped with a LETI BF 3-multidetector, 64 x 64 cm2 in area, with 

16000 counting cells each 5 x 5 mm2, in a planar X, Y arrangement . This detector 

is positioned 3 m from the sample and can be rotated around the sample from 

0° to 90° from the incident beam direction . The detector can also be placed at 

1 .5 m from the sample . The incident beam as well as the scattered beam are in 

vacuum, except for a few centimetres around the sample. 

The apparatus is installed at the exit of the cold neutron guide H17 with a beam 

cross-section size of 3 x 5 cm2. Because of the rather strong curvature of the 

H 17 guide, the range of available neutron wavelengths is restricted to 7 .5-30 A. 
The beam monochromatization is made by velocity selectors. A first selector 

already running gives a wavelength resolution 6"i,J'A of 10%. A 4% selector will 

be available in January 1977 . 

The q resolution 6 q, of the apparatus is in a first approximation simply propor­

tional to q .6X/X at high scat tering angles. At low angles, q depends on the col ­

limation of the incident beam . A lowest reasonable limit is nevertheless 

2 x 10-3 · l . The divergency of the incident beam can be varied between 2.10·2 
rad. and 5 .10-3 rad . 

Some ancillary equipment is available : a sample table with a 360° monitored 

rotation , and a monitored translational sample changer ; a cryostat (4 K to 

150 Kl with a vertical magnetic field (0 - 20 KCE) ; a chopper allows easy wave­

length calibrations and eventually some time-of-flight analysis of the scattered 

beam, with low energy resolution. 

017 is equipped with a POP11 -40 computer for controlling the experiments 

and collecting the data . Some data reduction treatment and display are possible 

on measured spectra . The computer is programmed in FORTRAN. 

017 will be operational for external users in Spring 1977 . Some preliminary 

experiments have shown that the available intensity on the sample at 12 A is 

very similar to that at 011 for the same collimation, and is higher for longer 

wavelengths . 

To exemplify the resolution and the possibilities of the apparatus, Figures 5 and 

6 show the scattering pattern and equatorial intensity obtained after 1 h measure­

ment with the 10% 61.J°JI. resolut ion on a sample of aligned coll agen/ 020 fibres. 

Collagen has a highly crystalline one-dimensional per iodical structure with a period 

of repeat of 668 . Peak overlapping due to 6°JI. smearing appears beyond the 7th 

order of d iffract ion . 
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11 orders of the 
668 A repeat of 
collagen obtained 
with the new Small 
Angle Scattering Fa­
cility D17 (specimen 
immersed in D20) . 

Fig. 6 

Intensity scattered 
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scattering vector in 
the equatorial plane. 
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instrument group 

\\three-axis spectrometers11 

IN1 on the hot source (beam tube H8) 

IN2 on thermal beam-tube H13 

IN3 on guide tube H24 

I N8 On thermal beam-tube H 10 

IN 12 under construction on cold guide H 142. 

During the year 1976 the instruments IN 1. I N2 and I N8 have been in continuous 

operation, while the construction of IN12 was in progress. As a result of the 

new instrument group structure, the spectrometer I N3, with much improved 

capabilities, is now part of the three-axis group. 

No major modifications to the other existing instruments was undertaken. It is 

generally felt that a significant move towards improved instrument performance 

should begin with the replacement of the present Carine system ; but so far the 

outlook has been rather unpromising. 

Nevertheless, an effort at simplify ing the control hardware through a more sys­

tematic use of stepping motors is currently underway and will be implemented 

on IN12 . 

IN1 - HOT SOURCE 3-AXIS 

(J.R.D. Copley and J. Tomkinson) 

Over the past year, considerable improvements to the radiation safety aspects 

of the instrument have been completed , with the installation of two 6 LiF beam 

shutters and a displaceable beam-stop. 

Essential maintenance work has included the replacement of the cables to the 

monochromator table and the installation of a new motor to rotate the mono­

chromator drum (both items have been the source of frequent instrument break­

downs in the past). As a result variable E0 scans no longer present mechanical 

problems. 

We have acquired a good beryllium crystal which is frequently used as an analyser. 

The beryllium filter analysing system continues to operate satisfactorily and has 

been used during approximately a third of the available beam time. 

Some users would like to see the possibility of improved incident energy definition 

at the obvious expense of intensity . This would be achieved if higher take-off 

angles 2OM were available : however, the corresponding modification would not 

only affect IN 1 itself but also the use of D4 and this for a considerable length 
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of time . Such a step will therefore require a careful discussion and a scientific 
choice. 

IN2 - THERMAL BEAM 3-AXIS WITH A DOUBLE MONOCHROMATOR 

(B. Dorner, R. Ghosh, and B. Fitzgerald) 

Apart from the usual Carine problems, IN2 has been running satisfactorily all 

year. It is used more and more in the fixed incident energy (14 meV), up-scat­

tering mode with pyrolytic graphite as monochromator and analyser crystals. 

Since it is well adapted for the study of low-frequency excitations, an important 

fraction of the experiments performed on the instrument have to do with dyna­

mical studies near phase transitions. For soft phonon mode measurements the 

large range of available scattering angles around the sample table is often very 

useful. 

Changing sample temperature on I N2 

For the future a project for a new version of the instrument sharing the H13 

beam with a new back-scattering machine (IN13) is presently under study . 

IN3 - FOCUSING TRIPLE AXIS SPECTROMETER ON THE GUIDE TUBE H24 

( R. Scherm, V. Wagner) 

At the end of 1975 I N3 has been shut down for 4.5 months to undergo a major 

reconstruction (G . Gobert, M. Laroumagne, R. Ritter). 



As a result of this overhaul the position is as follows : 

1. Precise, backlash compensated positioning of the angles. 

2. On an optical bench system collimators, filters, diaphragms, monitors and the 

neutron camera can be placed quickly and reproducibly without any need 

for realignment. 

3 . Mylar foil collimators, purchased from the Rutherford Lab. give excellent 

transmission. 

4. A newly designed analyzer shield using Gd-painted curtains allows the de­

tector to sweep its full angular range automatically with no one needed .to 

rearrange shielding blocks. 

5 . In October 76 the automatic monochromator shielding was installed (H. 

Beaujard, G. Gobert, P. Tardif) . Finally now even IN3 can vary the incident 

energy automatically. 

6. A new vertically curved Cu111 monochromator has been installed (A. Freund, 

H. Hustache) : it has increased the flux by a factor 2.5 : 

E· I Cu111 Graphite 002 

1.2 THz - 8.5 X 105 

3.5 0 .27 X 107 1.5x107 

5.3 0 .55 X 107 2.0 X 107 
I 

8.4 

> 1 X 107 

10.0 THz 

7. Last but not least new programs (F. Reichl, P. Rice, W. Kaiser, V. Wagner) 

have been written to perform faster and partially automated alignment 

procedures. 

IN3 resumed scheduled operation on February 7 1976. Thanks to the modi­

fications described above, the spectrometer has become a very versatile ins­

trument . Resolution can be adapted quickly to the experimental needs 

both in the classical and focusing mode of operation . The time wasted for 

alignment is reduced to a few hours. 

Except for the steady complaints about the slowness and frequent break­

downs of the Carine computer and electronics the instrument is now ope­
rating very satisfactorily. 
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Monochromator assembly on IN3 

IN8 - THERMAL BEAM 3-AXIS 

(R . Currat, R. Pynn and C. Escribe) 

IN8 has been in high demand all year because of its high flux and low background, 

particularly in the medium energy transfer range (5 to 15 THz) . 

The instrument is now fully equipped with graphite and beryllium filter supports 

on the incident and scattered beams. Improvements to the monochromator-drum 

drive unit , sample goniometer and beam stop are underway. 

A variable vertical curvature device installed at the monochromator position has 

been tested using a 15-piece pyrolytic graphite assembly . The flux gain, as mea­

sured on a small sample, is a factor of 2.5 at all attainable incident wavelengths 

(1 .5 to 4 A. ). Similar developments are in progress using Copper and Germanium 

crystals. 

IN12 - 3-AXIS ON A COLD GUIDE 

(W. Stirling ) 

Construction of this instrument is under way with the monochromator to be 

assembled and in position during January 1977. First tests of the complete ma­

chine are scheduled for Summer 1977, although the shortage of electronic staff 

may hinder the fina l commissioning. It is unlikely, therefore, that IN12 can per­

form scheduled experiments next year . 

Co-ordinator : R. Currat 



I N8 Monochro­
mator assembly with 
the variable vertical 
curvature apparatus. 
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instrument group 
\\time of flight11 

This group covers the following instruments : 

I N4 Rotating crystal spectrometer on thermal beam-tube H 12} f 11 t· 1 u y opera Iona 
I N5 Multi-chopper spectrometer on the cold source H16 

IN7 Double monochromator + Fermi chopper spectrometer on the thermal 

beam tube H 15. 

I N9 Polarized proton filter on cold guide H 14 

IN 11 Spin echo spectrometer on cold guide H14. 

IN4 - ROTATING CRYSTAL SPECTROMETER 

(J. Suck, C. Carlile) 

The instrument was operational throughout the year performing 32 experiments in 

1976. 
While last year the shie lding of the spectrometer building was completed, in 1976 

considerable effort was made to reduce the background coming from the ins­

trument 's own beam : the flight path is now covered with Cd; scattering from the 

cryostat was reduced . The background coming from gas scattering within the 

secondary spectrometer was partially improved by a beam stop nearer to the 

sample. To reduce the background further, it is planned to install coarse Cd col­

limators in front of the detectors. 

The installation of a lifting table now allows the installation of heavy equipment 

on the sample site . Two furnaces (670 K with good temperature homogeneity 

and T < 2000 K) will soon be available. The control of the cryostat has been 

further automated. 

A new Fermi chopper was installed and tested up to 15000 RPM. Flux and reso­

lution have been studied for the graphite and Cu monochromator ; a comparison 

of the performance of the rotating crystal with the Fermi chopper is under 

way. 

To overcome the intensity problems the addition of new detectors is planned 

for 1977 . 

IN5 - MULTICHOPPER SPECTROMETER 

( R. Lechner, A. Dianoux, F. Douchin) 

After a series of tests the IN5 choppers have been running regularly and reliably 

at 15000 RPM since April 1976. Tests are continuing in order to allow quick 

changes of the chopper speed. This would allow the user to rapidly adapt wave­

length and resolution to physical problems. The range of stable operation of 

chopper 3 has been extended down to 1666 RPM. Th is permits the use of 



A - 15 Ji. to achieve 5 ueV resolution at Q < 0 .8 J\ •1 . 

The flux at the sample increased by 30% as a consequence of a realignment of the 

neutron guides between the choppers . The cause of the misalignment (unstable 

supports?) will be investigated . 

I N5 is presently working with 400 detectors . The installation of a second series 

of 400 more is foreseen . Detector supports and shielding have been delivered and 

improved cabling has been developed . Problems arose with the insulating ceramics; 

delivery of all detectors has been delayed until 1977. 

F illing the 3He cryostat on IN5 

To improve background scattering a He filled sample box has been built. It can 

accommodate different cryostats and furnaces as well as several samples which 

can be brought by means of a new sample lift. 

The instrument was in full operation throughout the year with a total of 44 experi ­

ments of an average duration of 5 days. The NI CO LE data acqu is it ion system has 

been working very efficiently . 

The only major drawback concern ing continuous operation is power failures 
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during the summer period. It is hoped that in 1977 a safe power supply will be­

come available. 

The need for a flexible choice of 'A and resolution may be illustrated by the fol ­

lowing table. 

chopper speed use 1976 :\ -range % use 1976 

6000 RPM 10% 

3 - 6 A. 38% 

10000 34% 

6 - 10 A. 57% 
12500 6% 

10 - 11 A. 5% 

15000 50% 

Further development is intended to push towards higher resolution (20000 RPM) 

and easier variation of the chopper speed. It is hoped that the planned new TOF 

spectrometer "IN5 bis" will relieve IN5 in the 'A < 6 'A region while IN5 will be 

used even more at long wavelengths . 

Banks of detectors on IN5 



IN7 -- DOUBLE MONOCHROMATOR t- FERMI SPECTROMETER 

(A.P. Murani) 

The modified IN7 spectrometer (consisting of a graphite double monochromator 

and a single box of He3 counters ; area : 15 x 30 cm, flight path : 2.35 m) has 

been used for a few scheduled experiments but mainly for tests and experiments 
by scientists in Grenoble (CN RS and ILL) and visitors coming to ILL for experi ­

ments on other instruments. Because of the I imited detector area the exper iments 

take rather long periods and consequently the demand for the instrument has 

been I imited - in particular proposers of experiments transferred from I N4 have 

asked to be delayed until the new counter bank is installed. The latter will increase 

the detector area by a factor of 6, the maximum possible within the tight limits 

of the available space . It is hoped to complete the installation by the spring of next 

year. 

IN9 - POLARIZED PROTON FILTER 

(G .T. Jenkin , D. Feltin, J.L . Ragazzoni) 

Work has continued on the optimization of the spin filter for the proposed inelastic 

instrument IN9 . 

The apparatus became operationa l again in May, after it had been moved to a 

position to use the waste beam from IN10. Neutrons were only available when the 

transparent doppler machine was used . A Heusler crystal in a compact samarium 

magnet was obtained as polarizer/ monochromator, and a beryllium filter bought to 

eliminate X/2 for (A : 3 - 5 i\). The shielding of the polarizer required considerable 

attention . 

A new cavity has been made for the filter to minimize the presence of He3 in the 

neutron beam, while at the same time retaining the high polarization in the hy­

drogen of the filter . This design has been found to work very well (see ILL publi ­

cation 76J237T) . The 90% polarization enables an estimated transmission of 

neutrons of 45% and 3% for the sp ins parallel and antiparallel, with allowance for 

imperfect polarization from Heusler . 

The electronics have been radically improved during the year, with the loan of a 

Rutherford Laboratory N.M.R. system allowing accurate monitoring of nuc lear 

polarization and stabilization of magnetic field. The microwave frequency is now 

phase locked to a crystal controlled frequency synthesiser enabling a high pola­

rization in the filter stable to 1% to be held for 2 weeks . Mains failure is the limi ­

ting factor. 

A n experiment with the old D1 B multidetector has not allowed any observation 

of a small angle scattering pattern,el iminating one area of doubt about this type of 

filter. 

The detailed design of the inelastic instrument is now being undertaken. 
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IN11 - SPIN ECHO SPECTROMETER 

(J. Hayter and F. Mezei) 

For most of the year IN 11 continued to run in its mirror-testing mode, evaluating 

supermirrors and a prototype polarising beam-bender (see section on "Develop­

ment of new techniques"). 
The design of IN 11 was based on the assumption that a long-wavelength pola­

risation analyser would be built which was nearly 2 orders of magnitude smaller 

and lighter than any existing at the time (early 1974). The excellent performance 

of the polarising bender now makes this a reality. In the first instance, the machine 

will use a 50 x 30 mm2 cross-section bender as polariser, and a 50 x 40 mm2 

bender as analyser, both being 200 mm long . 

Since October, the machine has been converted back to its original configuration 

for spin-echo operation . The final 5 m section of guide has been mounted between 

the velocity selector and the polariser position, tests have been concluded on the 

magnet control electronics, and the sample-access walkway has been installed. 

Co-ordinator : R. Scherm 



instrument group 
\\diffuse scattering11 

This group includes the following instruments : 

On the cold guide H15 

07 Diffuse scattering spectrometer 

011 A Small angle scattering spectrometer 

011 B 

IN10 

Small angle and diffuse scattering spectrometer 

Backscattering spectrometer. 

On the cold guide H16 

016 Four circle Mk6 diffractometer 

On the cold guide H 17 

017 New small angle and diffuse scatter ing spectrometer . 

1. APPARATUS I~ FULL OPERATION 

07 - DIFFUSE SCATTERING SPECTROMETER 

(W. Just, P. Radhakr ishna ) 

The instrument was running with unpolar ized neutrons for the first three reactor 

cycles of this year . In June pol arized neutrons were installed again, using the 

Heusler alloy Cu 2AIMn as polarizer at about 5 A. . A dynamical spin flip mode 

was put into service and is available now as an option to conventional spin flip 

methods. In this mode the incoming neutron spins are flipped up and down in 

pseudo-statistical sequence ; the scattered neutrons are registered in 127 time 

channels per detector. The raw spectra can be cross-correlated on-line (NICOLE) 

and the result displayed at any time during a measurement . This option repre­

sents a powerful means in diffuse magnetic scattering of discriminating inelastic 

spin -independent scattering processes. 

D11A - SMALL ANGLE SCATTERING SPECTROMETER 

(K . lbel, J. Haas) 

The reliability of the D11A-system, of utmost importance with regard to the large 

number of users and the tight experimental programme,could be further increased. 

The transfer of the detector is now more easily possible by means of a stable 

movable crane, the sample area being serviced now by a jib crane. The manual 

of the instrument is now available in its fifth revised edition . A description has 

been published in J. Appl. Crystallography Vol. 9, Part 4, August 1976, page 296. 
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IN10 - BACKSCATTERING SPECTROMETER 

(A. Heidemann, S. Howells) 

A step motor control system was installed which allows the driving of the step 

motors of the sample and the graph ite goniometers via the PDP11 computer . 

A new small analyser consisting of seven concentric analyser ciccles was put into 

operation . Seven Q values between 0.07 Ji.. •1 and 0.32 Ji.. •1 can be measured simul ­

taneously . The system was used for the study of polymers, membranes, I iqu id 

crystals and hydrogen in metals. A third Doppler drive which is transparent and 

"fast" (v < 3 m/s) is under construction. The state of the spectrometer can now 

be controlled by telephone. Apart from a severe breakdown in June/July where 

70% of one reactor cycle was lost due to a memory fault, the machine was ope­

rating satisfactorily. 

D16 - FOUR CIRCLE Mk6 DIFFRACTOMETER 

(G . Zaccai, S. Wilson) 

This year, D16 has been used for studies on partially oriented samples such as 

biological membranes and clays in strictly controlled temperature and relative 

humidity environments, as well as for studies on single crystals where a long 

wavelength was required, for example to examine the dependence of extinction 

on wavelength. 

An effective increase of a factor of ten in intensity has been achieved, where 

large samples have been available, by the installation a 1 5 cm diameter counter 

and high transmission mylar collimators with an angular divergence of 0.2° in 

20, corresponding to a few hundred Angstroms resolution in real space. The 

cross-sectional area of sample which can now be illuminated by the neutron beam 

is 3 x 5 cm 2 . 

The flexibility of data collection program on the PDP8 (shared by D15) has been 

improved by the acquisition of extra core memory. The curved multidetector 

under construction (D19), will be compatible for use on D16 . 

2. APPARATUS UNDER CONSTRUCTION 
D11B - SMALL ANGLE AND DIFFUSE SCATTERING SPECTROMETER 

(G . Kostorz , G. Goeltz) 

After installation of the new vacuum components, D11 B has been mechanically 

operational since November 1975, serving as vacuum vessel for D 11 A experiments. 

Detectors and electronics have been linked to the PDP11 /40 computer, and the 

data acquisition path has been tested successfully. Software development has 

continued for D11B (detector array) and D11A (multidetector), and several 

programs for data acquisition and on-line data reduction are available. Others 

are progressing, with emphasis on user-oriented display programs. The I ink between 

PDP11 and the central PDP10 computer has been established and tested. A cryo­

stat for diffuse scattering experiments and a five/eight position, computer con-



trolled sample changer including a rotational drive have been developed at the 

Rutherford Laboratory in collaboration with I. L. L. These items have been tested 

for short periods, and the corresponding software is available. More extensive 

tests are necessary and will take place in 1977. The still unsatisfactory shielding 

situation on the IN12 side of the instrument will be improved subsequently . 

D17 - SMALL ANGLE AND DIFFUSE SCATTERING SPECTROMETER 

(M. Roth, P. Timmins). 

The installation of the new small angle and diffuse scattering machine D17 was 

completed during this year . The main parts of the spectrometer are a velocity 

selector, a chopper for TOF analysis, a special collimator system, a step motor 

controlled sample table (sample changer), a multi detector (64 x 64 cm2, 128 

x 128 elements) and a PDP11 /40 computer . First tests of the instrument showed 

that the performance is as expected . The intensity at 11 - 12 A is very similar 

to that of D11. It is interesting to note the relatively high flux of long (12 -

25 A ) wavelength neutrons. Further tests and studies are necessary until March 

or April 1977. Then the spectrometer will be available for external users. Studies 

of the use of polarized neutrons on the machine are in progress. 

Co-ordinator : A. HEIDEMANN 
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instrument group 
\\diffraction instruments11 

This group was formed in November 1976 by an amalgamation of the groups 

powder diffraction (co-ordinator P. Convert), crystallography (A. Hewat) and 

polarized neutrons (F. Tasset/J. Brown). The special diffractometer D10 was 

also included, while the cold neutron diffractometer D16 left for the neutron 

diffusion group. The group now includes the following instruments. 

D1A 

D1B 

D2 

D3 

D4 

D5 

D6/D19 

D8 

D9 

01 0A/B 

D12 

015 

018 

Ll4/5/7 

High resolution powder diffractometer on thermal guide H22. 

Multidetector on thermal guide H22 . 

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

Two-axis polarized neutron diffractometer with I ifting counter 

on thermal beam H5. 

Liquids diffractometer on hot beam H8. 

Three-axis polarization analysis spectrometer on hot beam H4. 

Modified Laue/2D multidetector tests on thermal guide H24. 

High flux four circle diffractometer on thermal beam H11. 

Four circle diffractometer on hot beam H3. 

Four circle three-axis diffractometer on thermal guide H24. 

Neutron cameras on thermal guide H23. 

Four circle Mk6 diffractometer on inclined thermal beam I H4. 

Neutron interferometer on neutron guide H25. 

X-ray laboratories. 

Most of these machines have passed the initial stages of construction, testing 

and modification and are fully scheduled for experiments. Emphasis on technical 

improvements is now centred on two main areas : firstly to widen the range of 

sample environment, and secondly to increase the speed and ease of data col­

lection. 

Neutron diffraction still has an enormous potential for development in these two 

areas. Because neutrons are more penetrating than X-rays, more sophisticated 

refrigerators, cryostats, furnaces and pressure cells are possible : most of the 

diffractometers have seen major improvements in this area in 1976, and more 

are planned for 1977. These improvements, although perhaps "conventional" 

by normal ILL standards, open up quite new possibilities for crystal structure 

research : it becomes possible to "force" a structure rather than simply accept 

it as it is. We can then hope to understand "why" as well as "what" it is. 

Increase in the speed and ease of data collection is perhaps only a question of 



economics : but then so is the construction of a high flux reactor. Many of the 

diffractometers have recently seen a dramatic increase in effective intensity, 

as much as an order of magnitude. And this for a relatively small investment 

in new monochromators, especially focusing monochromators, in mechanics 

and collimators, and in new detectors, especially multidetectors and data acqui ­

sition systems. 

D1A - HIGH RESOLUTION POWDER DIFFRACTOMETER 

(A.W. Hewat) 

D1 A has operated routinely with its new high efficiency collimator bank (Nucl. 

lnstr . Methods 137, 463). Wavelengths between 1.2 A and 5.7 A. can now be 

selected by simple rotation of a single squashed germanium monochromator . 

A prototype focusing monochromator has been shown to concentrate the beam 

from 150 mm to 15 mm with a corresponding order of magnitude intensity gain, 

and a definitive version will be installed early in 1977. This monochromator, 

using the new ILL technique for producing anisotropic mosaic spread in squash ­

ed Ge, will give a choice between 1.1 A. , 1.38 A.. and 1 .9 A.. , and will be especially 
useful for the high pressure techniques being developed with the CNRS Grenoble 

Laboratory . 

D1 B - TWO-AXIS DIFFRACTOMETER WITH MULTI DETECTOR 

(P. Convert/ J.L. Buevoz from 1.9.76 with P. Thorel until 31.8 .76) 

The instrument has worked satisfactorily all the year. For kinetic experiments, the 

dead time between two measurements has been reduced (about 1 second with 

Carine 3) . However the Carine system is not adapted and reduces the possibilities 

of D1 B : it is impossible to compare two diagrams on the instrument . It is now 

obvious that it is practically impossible to control an experiment without a new 

system allowing for immediate data comparison, and eventually primary data 

evaluation . More and more short experiments are performed for characterisat ion 

of samples to be used on other ILL instruments. In 1977, increase of the flux and 

facilities to change the wavelength are planned . 

D2- TWO-AXIS HIGH FLUX DIFFRACTOMETER FOR POWDERS AND 

SINGLE CRYSTALS 

(K.R.A. Ziebeck) 

Throughout 1976 D2 continued to operate efficiently. Improvements to the 

detector shielding and that of the environment of D2 have minimised the back­

ground. The introduction of four mylar sollers before the detectors has increased 

the detected flux and ensured that the line shapes of the four detectors are uniform 

and consistent. These small innovations when coupled with an increased "take 

off" angle on the monochromator have improved both the flux and the resolution . 

The instrument remains a versatile variable wavelength 2-axis spectrometer . 
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018 : set-up for a kinetic experiment 

D3- TWO-AXIS POLARIZED NEUTRON DIFFRACTOMETER 

(J. Brown and F. Tasset) 

D3 has been in high demand during 1976. It has been used for the determination 

of magnetic scattering amplitudes from a wide range of materials, mostly ferro­

magnetic, antiferomagnetit and paramagnetic phases. The commissioning of the 

4 .8 T asymmetrically wound cryomagnet early in the year has increased its range 

of application considerably. Experiments can now be done in fields of up to 4.8 T 

at temperatures between 1.5 Kand 400 K. 

A suite of programs is now available on the DEC-10 computer which allows rapid 

evaluation of the data, and this can lead directly from the D3 dectapes to a magne­

tisation density map (see figure 7) . 

D4 - TWO-AXIS "LIQUIDS DIFFRACTOMETER" ON THE HOT SOURCE 

(P. Chieux and W. Knoll) 

D4 has been fully operational and almost trouble free during 1976. New single 

crystal sapph ire sample holders for use at high temperatu res represent a major 

improvement . As well, improved protection has reduced the instrument back­

ground to one half its former value . Priority in 1977 has been given to impro­

ving the effective intensity and we expect to have soon a multidetector working 

routinely on this diffractometer at a wavelength near 0.5 A.. 
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Fig . 7 

Projection of the pa­

ramagnetic magneti ­

zation in U Rh3 on 

the 11101 plane. 

D5 - THREE-AXIS POLARIZATION ANALYSIS SPECTROMETER 

(J . Schweizer) 

D5 has been used either for magnetic form factor measurements (mostly on single 

crystals, but also on powders and amorphous materials) or in the polarization 

analysis setting to separate cross-sections (magnetism, coherent/incoherent scat­

tering from liquids) . Many experiments have used the cryomagnet which provides 

a vertical 4.8 T magnetic f ield. Advantage has been taken of the hot source in 

experiments where, besides extinction problems, wavelengths smaller than 0.50 A 
allowed the study of elements which are very absorbing at higher J..., (e.g. sama­

rium). This type of experiment will probably continue (with gadolinium, etc .) 

since with such short wavelengths no special isotope is needed. 

A horizontal electromagnet with a large gap is expected to be available towards 

the end of 1976. On the one hand, it will allow measurements at large K (access 
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angle ± 50° ) with a 10 K0e horizontal field : on the other hand, using an extra 

Helmholtz coil in the polarization analysis setting, it will allow a direct compa­

rison of cross-sections with the field vertical or horizontal ( H//k and H 1 k) w ithout 

mod ifying the sample environment . 

D6/D19 - MODI FI ED LAUE/2D -MUL TI DETECTOR TESTS 

(S. Wilson) 

The "hedgehog" diffractometer has undergone a series of tests and has been 

shown to very largely meet the design specifications of its constructor, B. Klar. 

A full report has been prepared. It has also been confirmed that to make it a 

routinely operating instrument would require a considerable expenditure to 

replace the 100 movable detectors, which are not sufficiently homogeneous and 

whose positioning motors are too slow. Instead we propose to make a techno­

logical jump directly to a two dimensional position sensitive detector ( D19) which, 

after development on D6, will be used as a self-contained system on diffracto­

meters such as D8, D9 and D16. 

D8 - HIGH FLUX FOUR CIRCLE DIFFRACTOMETER 

(S. Mason/ C. Rieke! from 1977) 

The flux at the sample has been further increased to 8 x 107 n/cm2/sec with a 

new ILL Cu (200) monochromator. For special applications, such as protein crystal ­
lography, 2 x 108 n/cm2/sec can be obtained from pyrolytic graphite, but only 

at the expense of resolution. To match this higher flux, a new control system, 

based on the PDP 11/40 calculator originally used by D14, will be implemented 

in 1977. A new Fortran program system (ILL report 768270T) common to D8, 
D9 and D10 has already simplified and speeded up data collection. 

The Displex closed cycle refrigerator, identical with that on D9, now operates 

routinely at temperatures above 45 K, with the sample usually protected by 

vanadium or aluminium cans . This, together with the high flux, greatly extends 

the range of problems possible, so that now a structure can be studied at different 

temperatures in an acceptable time. 

D9 - FOUR CIRCLE DIFFRACTOMETER WITH SHORT WAVELENGTHS 

(M. Lehmann) 

D9 on the hot neutron source has relatively good flux (3 x 106 n/cm2/sec) at 

wavelengths much shorter than usual (0.5 to 0.8 A. ). This wavelength can be 

varied continuously because the a 2 collimator moves on air cushions between 

the water-filled lips of a novel monochromator protection. D9 is unique for work 

with high spatial resolution on moderately large structures and the short wave­

lengt h also makes it interesting where extinction might otherwise be a problem. 

New monochromators, especially beryllium being developed at the ILL, should 

increase the flux, and operation will also be speeded by mechanical improvements 

to the counter support . 



D9 was the first diffractometer to be equipped with a closed cycle refrigerator 

operating down to 45 K, and this has proved very popular. In 1977, we hope to 

have developed a gas flow furnace operating at up to 800°C, again with full three 

dimensional qeometry. 

D10A/B - FOUR CIRCLE THREE-AXIS DIFFRACTOMETER 

(C. Zeyen) 

Eulerian sample-

orienting cradle on 

diffractometer 09. 

Since May 1976 a new vertically focusing composite copper monochromator 

has been in operation. The flux at the sample position was thus increased from 
106 to 2 .107 n/ cm2 / sec . 

This allowed for the observation of a number of small effects in the field of dif­

fuse, critical, and Huang scattering . The data acquisition rate increased drama­

tically so that now the spectrometer is severely handicapped by the slow time­

sharing Carine computer system. 

This year the flexibility of the 4-circle Helium-cryostat with the analyzer was 

shown to be particularly useful in a variety of problems such as 6 low temperature 

structure determinat ions, 3 diffuse scattering problems, and 2 critical scattering 

studies. 
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From June 1977 a new more accurate Eulerian cradle with a new type of Helium 

flow cryostat for temperatures as low as 2.5 K will be available. A new epithermal 

counter shielding is expected to further reduce the background. 

D12 - NEUTRON CAMERAS 

(D. Hohlwein A . Wright from 1977). 

Neutron film techniques are of exciting interest for a variety of applications 

stretching from protein crystallography to magnetic structures, structural tran­

sitions and critical scattering. In these fields the neutron Weissenberg and 

Precession cameras can often provide an astonishing contrast as well as a supple­

ment to the information available from their X-ray counterparts. The modified 

Laue camera uses a bent Cu monochromator to select a 7% band of wavelengths so 

that many reflexions can be excited simultaneously : this compensates to some 

extent for the lower flux of neutron sources. 

In 1976 a cryostat attachment was implemented, extending the operating tem­

perature of the cameras down to 1.5 K. In 1977 a refrigerator will allow faster 

operation at temperatures above 10 K, which will be especially interesting for 

work on phase transitions . 

D15 - FOUR CIRCLE DIFFRACTOMETER ON AN INCLINED BEAM 

(M. Thomas) 

This instrument became available for scheduling early in 1976, and since then 

has worked reliably. In the lifting counter mode, the X -circle can be replaced 

by large cryostats and magnets working down to 1.5 K as on its sister machine 

D3 ; it is then useful for work on magnetic structures and critical scattering. 

In 1977, the lifting counter will be computer controlled and extra core is being 

implemented on the PDP8 calculator (shared with D16) to permit more sophis­

ticated programming. In the four circle mode of operation, programs have been 

written for avoiding blind spots due to the large X -circle. In 1977 this X -circle 

will carry a two-stage refrigerator, wh ich will permit temperatures down to 10 K 

with full three dimensional geometry. 

D18A - NEUTRON INTERFEROMETER 

(W. Bauspiess) 

This instrument is under construction at the thermal guide H25 following success­

ful operation of a prototype machine (S12) in the same position. The instrument 

is designed to perform Bragg-diffraction interferometry as well as high resolution 

double crystal diffraction work. A built-in X-ray tube will serve as wavelength 

standard and a stable source of high intensity for crystal alignment. The instrument 

will be operat ional (in a semi -automatic mode) in 1977. 

On the prototype setup (S12) the measurement of scattering lengths of solid 

samples has been further developed, to a degree where the resolution (6 bc/bc 

~ 10-3) is ma inly determined by sample parameters. A standard data evaluation 

program is available. 



Polarization effects have been investigated in the case of simultaneous phase 

shift and spin rotation of the neutron wave. As predicted, the polarization oscil ­

lates when the phase of the neutron wave is shifted continuously (e.g. by rotating 

any non-magnetic sample), even if the magnetic field applied to one partial beam 

is not changed. Test experiments on gases and magnetic samples have been started . 

Ll4/5/7 - X-RAY LABORATORIES 

(M. Thomas, J. Reynal and J. Brown) 

These machines are used for preliminary crystal alignment and for crystal structure 

measurements complementing the work on the neutron diffractometers. LI 4 is 

a four circle automatic (PDP 8) Siemens X-ray diffractometer with a nitrogen 

cryostat. In 1976 the paper tape data collection system was replaced by a simple 

"silent" magnetic tape terminal, which permits direct transfer to the central 

DEC-10 computer. LI 5, which is used for photographic measurements and crystal 

alignment, is being modified to make it safer for the large variety of potential 

users at the ILL : the original generator has been replaced by a new Philips gene­

rator with automatic safety shutters. 

Co-ordinator: A.W. Hewat 
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instruments for nuclear physics 
This group includes four large spectrometers (PN 1-PN4) with internal targets 

at very high neutron flux . They have excellent resolution. The facility for ultra 

cold neutrons (PN5) and most of the special experiments have recently been 

allocated to this group. 

PN1 Mass Separator for Unslowed Fission Products (LOHENGRIN) on 

beam tube H9 

PN2 Beta Spectrometer (BILL) on the vertical beam tube V3 

PN3 Three Curved Crystal Spectrometers (GAMS 1, 2, 3) on the through 

going beam tube H6/H7 

PN4 Ge Anti -Compton and Pair Spectrometers on the through going 

beam tube H6/H7 

PN5 Ultra-Cold Neutron Source on the inclined beam tube I H3 

S1 Gamma Asymmetry Spectrometer on neutron guide H142L 

S4 Magnetic Moment of the Neutron on neutron guide H 18L 

S10 Neutron Induced Particle Emission on neutron guide H22W 

S14 Time Reversal Invariance on neutron guide H142L 

S16 Ternary Fission on inclined beam tube IH1 

S28 On-Line Mass Separator for Thermally Ionized Fission Products 

(OSTIS) on neutron guide H23L 

S30 Concentration Profiles by Neutron-Induced Particle Emission on 

neutron guide H25M . 

In addition 6 short-term experiments have been set up on neutron guides. 

PN1 MASS SEPARATOR LOHENGRIN FOR UNSLOWED FISSION 

PRODUCTS 

(H. Schrader) 

The very high demand for this instrument continued in 1976. During 70% of the 

scheduled reactor operating time 23 visitor experiments were carried out ; 7% of 

the time had to be used for instrument tests and 23% of the scheduled operating 

time was lost due to instrument failures or reactor shut-downs. Some 5-year-old 

instrument components, the Nicole on-line computer and the shortage of techni­

cians for maintenance caused some problems. After a continuous running time 

of 2.5 years the Uranium sputtered from the targets onto the surrounding materials 

now causes a fission product background of 3%. Therefore special developments 

are now being tested to reduce this background . The tests will be continued in 

1977. A new exit slit was constructed which offers more flexibility for experi­

ments and corresponds better to the experimentally determined focal line. 

Measurements were performed to determine fission yields by scanning, by regis­

tration of -y- lines with known absolu te intensity and by the collision X-ray method. 



In addition, a new technique for deducing yields by comparing r -spectra from 

OSTIS and LOHENGRIN was tested. At OSTIS a /3 -deca_y chain has one definite 

starting point whereas at LOHENGRIN there are many starting points due to 

the nuclear charge distribution in fission. In nuclear spectroscopy on neutron 

rich fission products, major results have been obtained on r -decay schemes, /3 -end 

point energies and delayed neutron emission probabilities of 15 nuclei. 

PN2 - BETA SPECTROMETER BILL 

( K. Schreckenbach) 

During 1976 the beta spectrometer BILL was running continuously for 90% of 

the time without any major break-down. 17 nuclei have been investigated to 

provide information on the nuclear structure of these isotopes and on the atomic 

structure. For instance, the unparalleled resolution allowed the determination 

of neutron binding energies with a precision of 10-5 (80 eV error on 8 MeV). 

The precision of the spectrometer was further increased by temperature stabili ­

sation of the magnets, resulting in a better I inearity above 2 MeV. The detectors 

are now mounted in such a way that they can be adjusted for optimum reso­

lution without breaking the vacuum. A new air-tight target changing facility 

was constructed, which made it possible to use a -active or toxic targets or materials 

that would otherwise be oxidised in contact with air. This improvement extends 

considerably the range of interesting targets to be studied with BILL. 

PN3 - CURVED CRYSTAL SPECTROMETERS GAMS 1 AND GAMS 2/3 

(H. Borner, W.F. Davidson) 

In 1976 the GAMS 1 spectrometer was operational 85% of the time. For the 

GAMS 2/3 spectrometers this figure is 15% lower due to a computer break-down. 

Spectra of r -rays following neutron capture in 12 different targets were studied. 

On the technical front several improvements were made to the spectrometers 

and their associated data collection systems. The reliability of the data collection 

was greatly improved by assigning a separate PDP11 /40 computer for control 

of the GAMS 2/3 spectrometers. At GAMS 1 automation systems for remote­

control led tilting of the main quartz crystal about the beam axis and for adjust1r.g 

the control crystal onto the reference r-beam have been developed and have 

reached the commissioning stage. At GAMS 2/3, in order to augment the trans­

mission of lower energy r -rays, an 8 m long evacuated tube has been installed. 

A concomitant improvement in source techniques has led to the achievement of 

better line resolutions. For instance a line width of better than 0.7 sec of arc 

can be attained on the 24 m spectrometer. In fifth order of diffraction this cor­

responds to about 45 eV FWHM on the well known 411 keV r -line in 198Hg. 

An interesting development is the growing interest in the study of transuranium 

and other actinide nucleides. Consequently modifications to the H6/H7 through­

tube for the introduction of a-emitting targets were carried out first of all in 

prototype fashion for a 248Cm target. More permanent modifications to enable 

the safe introduction of further a-emitters are currently in progress. 
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View of the GAMS 2/3 curved­
crystal spectrometers. The white 
cylindrical housing in the fore­
ground contains the quartz crystals . 
The two arms in the background 
are the Soller collimators down 
which the diffracted rays pass. 

Interior view of the 

cylindrical housing 

showing the two cur ­

ved quartz crystals 

and their clamping 

blocks. They share 

a common vertical 

axis of rotation . 



PN4 - Ge ANTI -COMPTON AND PAIR SPECTROMETERS 

(D. Warner) 

The Ge pair-spectrometer was fully operational throughout 1976. However, the 

10-year-old electronic system caused some problems, resulting in failure 15% of 

the time. Useful data have obtained with a resolution of 5 keV at 7.7 MeV. The 

data analysis software has been extended and improved considerably. 

The operation of the Ge anti -Compton spectrometer was delayed by difficulties 

in manufacturing a suitable · Ge-crystal. Now these problems have been solved 

with the advantage that the crystal supplied has a 50% higher efficiency and is 

of intrinsic rather than Li drifted Ge. The spectrometer should become operational 

by the end of 1976 with improved specification. 

PN5 - ULTRA-GOLD NEUTRON SOURCE 

(P. Ageron) 

Construction and installation of the ultra-cold neutron source has progressed 

during 1976. The out-of-pile guides have been tested and the in-pile part is ready 

for mounting. The inclined beam tube I H3 made it necessary to build a platform of 

about 100 m2 which is 5 m abov~ the ground floor. This platform provides space 

for the shielding which is currently under installation, and for three measuring 

positions. The installation of the ultra-cold neutron source should be completed 

in March 1977. The expected neutron flux is about n/cm2 /sec sec for neutron 

velocities below 6 m/sec and 10000 n/cm2/sec in the velocity range between 

10 and 20 m/sec. 

Ultra-cold neutron source during construction 
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S1 - GAMMA ASYMMETRY SPECTROMETER 

(B. Vignon ) 

The experimental set -up already described in the 1975 ILL annual report was 

fully operational and used without any significant modification . 

S4 - MAGNETIC MOMENT OF THE NEUTRON 

(W. Mampe) 

The set-up to measure the electric dipole moment of the neutron has been trans­

formed to allow a precision measurement of the magnetic dipole moment of the 

neutrons. A beam of slow neutrons (::::: 100 m/sec) undergoes the same magnetic 

resonance as a beam of protons from a stream of flowing water. In this way the 

exactly known magnetic moment of the proton is directly compared to that of 

the neutron, increasing the precision of the latter by two orders of magnitude. 

S14 - TIME REVERSAL INVARIANCE 

(B. Vignon • Collaboration ISN Grenoble and Sussex University) 

To look for a possible violation of T invariance in electromagnetic processes, 

a detector arrangement of six Nal crystals (3" x 3") was installed which can 

register 8 relevant angular correlations simultaneously. With a fast electronic 

system count rates of 2 x 105/sec (above a threshold of 200 keV) could be handled 

at a desired energy resolut ion of 10%. The performance of the set-up described 

and the electronic stabilisation permitted a statistical accuracy of 3 x 10·5 to 

be obtained in two months . 

S28 ·- ON-LINE MASS SEPARATOR OSTIS FOR THERMALLY IONIZED 
FISSION PRODUCTS 

(K.D. Wunsch) 

In October and November 1975 OSTIS was installed successfully on neutron 

guide H23. Since the beginning of 1976 this mass separator worked in a very 

reliable way, fully benefiting from the high neutron flux . As a consequence there 

was a very high demand for this instrument. The separator beam was available 

73% of the scheduled reactor operating time for 14 different proposals ; 7% of 

the time was used for instrument tests and modification . The remaining 20% 

were lost due to instrument failures or reactor shut-downs. 

The separator , built by the University of Giessen, is equipped with a variety of 

detectors in a heavily sh ielded area. Devices for ion and (3 -counting are available. 

A Ge( Li) and an intrinsic Ge detector are connected to the instrument. This 

basic set-up allows yield and half-life determination, r -ray spectroscopy, (3-end 

point determination w ith very high precision , and an indirect measurement of 

delayed neut ron emission to ground and excited states. A second Ge detector 

and four different neutron detectors have been provided by visitors to measure 



'Y, coincidences, delayed neutron emission probabilities or the kinetic energy 

spectra of the delayed neutrons with three different methods. Important results 

have been obtained for nuclei far from stability. 

During the annual shut-down, the first einzellens was replaced by a quadrupole 

doublet increasing the intensity of OSTIS by at least half an order of magnitude. 

Now extremely neutron-rich isotopes like 98 Rb and 147 Cs are also available 

for investigation in 1977. 

The experimental set-ups of S10, S16 and S30, consisting mainly of the appro­

priate detectors in their reaction chambers with the necessary shielding and pum­

ping, are not complex technical installations, and are therefore not described 

here in detail. For scientific results of these and of all other instruments mentioned 

above, see the section of College 111 in this volume and in the Annex to the Annual 

Report. 

Co-ordinator : G. Siegert 
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instrument group 
''monochromators11 

The group includes the following devices : 

013A 

0138 

013C 

Ll2 

Neutron double-crystal diffractometer on thermal guide H24 

High precision neutron double-<.:rystal diffractometer on H24 

Neutron single crystal orientation unit on H23 

X-ray double crystal diffractometer 

Ll3 Gamma-ray diffractometer 

Laboratory for crystal orientation and preparation. 

1 - INSTRUMENT DEVELOPMENT 

The mechanical tests of the high resolution diffractometer 0138 being completed 

this instrument is now ready for installation on H24. The double-crystal orien­

tation unit 0 13C is also prepared for installation on H23 in January 1977. As the 

other instruments of the group are working satisfactorily no major modifications 

have been performed in 1976. As also in earlier years many routine tests of the 

perfection of single crystals prepared for neutron monochromatization as well as 

for experiments scheduled on other ILL instruments were carried out in 1976. 

2 - DEVELOPMENT OF MONOCHROMATOR MATERIALS 

Whereas in the year 1975 monochromator crystals for thermal neutrons have been 
developed successfully (Cu, NbD), in this year we succeeded to improve consi ­

derably monochromator crystals for long wavelength neutrons (Ge, Si) . The in­

beam control of the mosaic spread of these crystals on the -y-diffractometer during 

their plastic deformation at high temperature made it possible to find out more 

rapidly the optimum deformation parameters i.e . temperature, pressure, orien­
tation and dimension of the crystals and increased the reproducibility of the reflec­

ting properties. It has now become possible to produce Ge and Si monochro­

mators with a mosaic spread ranging from some minutes of arc to several degrees 

distributed in a homogeneous way . In addition the mosaic spread is highly ani­

sotropic because of the special dislocation arrangement . Thus it is possible to 

vary the mosaic spread during an experiment by simply turning it about an axis 

normal to the reflecting planes. Fig. 7 shows the variation of the neutron (111) 

rocking curve w idth (3 , the mosaic spread T) and the neutron peak reflectivity 

r as a function of this rotation (angle q> ). Fig. 8 represents the rocking curves 
with minimum and maximum width using the same crystal of 3 x 3 x 1 cm3 (re­

flection geometry) . The anisotropic mosaic spread also has a special advantage 

for vertical focusing where the vert ical mosaic spread can be made several times 

smaller than the horizontal one. 
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A new series of ten Cu-(Ge) crystals has been grown and tested, the best were used 

to improve the performance of the monochromatizing neutron lens for IN3. 

In collaboration with the Max-Planck-lnstitut in Stuttgart, Germany, the develop­

ment of good-quality Beryllium single crystals has been started and first results 

are promising. These crystals will be of special use for high-energy neutron mono­

chromators where improvements are still to be made. 

3 - COMPOSITE SYSTEMS AND BENT CRYSTALS 

Several vertically focusing composite monochromators have been produced such 

as 20 Cu lamellae glued in a well-oriented way in a frame for vertical focusing 

on D10 where the overall gain in flux at about the same resolution was about 

a factor 20 due to the improved reflectivity, the well-adjusted mosaic spread 

and the focusing effect. The vertically focusing system on I N3 yielded a factor 

2.5 in flux. INS has been equipped with a device allowing the variation of the 

radius of vertical focusing. In order to increase still further the spatial homo­

geneity of the mosaic structure large monochromator crystals are now routinely 

composed of several smaller pieces. 

4 - DIFFRACTION STUDIES OF IMPERFECT CRYSTALS 

Neutron section topographs have proved to give valuable information on the 

large-scale defect structure of deformed and undeformed samples. This technique 

55 



56 

permits a mapping of crystal inhomogeneities and is a complementary tool for 
studying defect structure in single crystals observed on an angular scale by rocking 

curve measurements. The help of Drs. Schlenker and Baruchel is gratefully acknow­

ledged. Other investigations on the more microscopic defect structure of imperfect 

crystals have been started using electron microscopy and X-ray topography. This 

work is performed in collaboration with the University of Oxford and is especially 

concerned with the relation between the neutron diffraction properties and the 

defect structure of imperfect crystals . The investigation of the diffraction charac­

teristics of curved Si crystals have been continued . In particular several reflec­

tivity measurements have been performed and interpreted by a simple model 

previously developed. The neutron space condensation due to an asymmetrical 

cut (Fankuchen effect) was observed on curved crystals and a design of a focusing 

monochromator for D8 has been worked out. 

Co-ordinator : A . Freund 



development of new techniques 
1. ULTRA COLD NEUTRONS (G. Germain, P. Ageron) 

- The progress of the construction of the UCN source (PN5) is described with 

the instruments for Nuclear Physics. 
- The experimental set-up for VCN (very cold neutrons) selection has been used 

for: 
- the measurement of the gain of a liquid parahydrogen convertor : about 

30 for neutrons 10 m/s < V < 50 m/s compared to room temperature mo­

derators. 

the measurements of the transmission of VCN (velocity around 20 m/s) by 

different neutron guides : about 50% for a straight 6 m long, 6.7 cm diameter 

electropolished stainless steel guide, about 65% for a curved 6.8 m long, 

7 x 7 cm section nickeled glass guide. 

2. STUDY OF COLD NEUTRON SOURCES (A. Robert, P. Ageron) 

Preliminary calculations with the 2 dimensions transport code DOT 3, using 

the method (M. Livolant and al. Cryogenics, February 1969) of two overlapping 

thermal groups (cold and room temperatures) indicate that a cavity, inside the 

present HF R cold neutron source, would enhance by a factor of 2 the cold neutron 

flux in the guide tube direction. More detailed spectrum calculations are in pro­

gress. 

3. POLARISATION OF NEUTRONS 

3.1 Supermirror Polarisers (F. Mezei and P. Dagleish) 

Multilayer thin -film optic techniques have been used to produce neutron mirrors 

with higher critical angles than are possible with conventional mirrors. Such "super­

mirrors" are formed from bilayers successively evaporated with an appropriate 

thickness gradient. The use of alternating magnetic and non-magnetic materials 

to form the bilayers permits such a mirror to be polarising . 

The figure 10 shows results for two such supermirrors, both using Fe and Ag 

as the bilayer components. The polarising efficiency is better than 99%. 

3.2 - Polarising Beam Bender (J .B. Hayter (I.L.L.) and J . Penfold, 

W.G. Williams (Rutherford Laboratory)) . 

The joint Rutherford Laboratory - I .L.L. project to build a polarising beam bender 

(ultra-compact multi-channel polarising guide) culminated in summer 1976 with 

the successful production of a prototype bender of cross-section 5 x 30 mm2 

and 180 mm length. 
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Reflectivity versus incident angle for Fe-Ag supermirrors (0c is the critical angle for a simple 

Ni mirror) . The structure in the curves results from interference effects in the multilayer system. 

Designed to operate above 6 A , the bender had a polarising efficiency > 95% 

for a spectrum centred on 7 A and with fl },J X = ± 20%. Transmission was41% 

for the( , ) spin -state . 

Construction of two benders (polariser and analyser) for IN 11 is now almost 

complete. These will have cross-sections 30 x 50 mm2 and 40 x 50 mm2, res­

pectively . Both will be 180 mm long, with radius of curvature 6500 mm, giving 

a beam deflection of 1.5°. 



colleges 

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 Excitations 
College 5 Structures 
College 6 Liquids, gases and amorphous materials 
College 7 Impurities 
College 8 Structural biology 
College 9 Chemistry 

Each College corresponds to a Subcommittee of the Scientific Council of the I .L.L., 
which advises the directors on the scientific programme. New research proposals 
submitted to the 1.L.L. will first be examined by the Colleges with respect to their 
technical feasibility and then be presented to the Council. A further task of the 
College is to contribute to a smooth carrying-out of the experiments by appointing 
local contacts and by advising the instrument responsible as well as the Scientific 
Secretary on the time schedules for the various instruments. 
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In 1976 experimenters came to I.L.L. from 
these research centres or universities 

Canberra 
AEC Lucas Heights 
Monash 
New South Wales 
Sydney 
Queensland 

JAPAN 

Hiroshima 
Kyoto 
Tohoku 
Tokyo 

CANADA 

Chalk River 
Guelph 
McGill 
New Brunswick 
Ottawa 

USA 

Argonne 
Bell Labs 
Brookhaven 
Boston 
Burnham 
California 
Evanston 
Florida 
Illinois 
Indiana 

amos 
Mary Ian 
Massachus 
Michigan 
Missou r.i 
New York 
Oak Ridge 
Ohio 
Philadelphia 
Yale 

INDIA 

Madras Coimbra 
Trombay 

ISRAEL Beer Sheva 
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CEA- SACLAY 
CEA- FONTENAY 
CEA- GRENOBLE 
CEA- CADARACHE 
GRENOBLE 
LE MANS 
LILLE 
LYON 
MARSEILLE 
METZ 
MONTPELLIER 
NANCY 
NICE 
PARIS- VI 
PARIS SUD 
PASTE UR - INST. 
POITIERS 
RENNES 
ROUEN 
STRASBOURG 

DENMARK FINLAND 

Aarhus Helsinki 
Risi'! Turku 

SWEDEN 

Giite 
Up 

AACHEN 
BERLIN 
BONN 

FRANKFURT 
FREIBURG 
GARCHING 
GIESSEN 

JULICH 
KARLSRUHE 
MAINZ 
MARTINSRIED 
MUNCHEN 

REGENSBURG 
SAARBRUCKEN 

Ancona 
ISPRA 
Rome 

Swirk 
Krakow 

USSR 

Seibersdorf 
Vienna 



college 2 
«theory» 

I - MEMBERS OF THE COLLEGE 

Burkhardt T .W. (From Oct. 1976) 

Derrida B. (From Oct. 1976) 

Eisenriegler E. (From Oct. 1976) 

Fogedby H.C. 
Gautier F. (From Oct. 1976) 

Hinkelmann H.J. 
lche G. (To April 1976) 

Loveluck J.M. 
Lovesey S.W. 
Nozieres P. 
Schuck P. (From May 1976) 

Southern B.W. 
Trammel G. (To July 1976) 

Word R. (To Aug. 1976) 

Young P. 

111 - SCIENTIFIC ACTIVITES 

11 - VISITING SCIENTISTS 

Balcar E. (Atominstitut 
Vienna) 

Beal -Monod M.T. (Orsay) 

Hubermann B.A. (Xerox, 
Palo Alto) 

Kagan Y. (Moscow) 

Lewis J.W.E. ( Rutherford Lab.) 
Licciardello D. (Birmingham 

Univ.) 
Ring P. (Munich Univ.) 
Schofield P. (Harwell) 
Sherrington D. (London Univ.) 

(This I ist does not include short visits of a 
few days) . 

The Theory College has experienced another year of flux in its membership, 

although , this year , primarily an influx, which has resulted in a situation which 

promises to be comparatively stable, at least for the next two years. However, 

some flexibility has been retained, in that two positions are occupied by one­

year visitors on leave of absence : E. Eisenriegler, from Jui ich, whose recent work 

has been concerned with one-dimensional conductors, in particular, aspects re­

lated to the electron-phonon interaction, and the possibility of incommensurate 

phase transitions ; and F. Gautier, from Strasbourg, who has worked extensi­

vely in the theory of alloys, in particular, magnetic alloys. In view of the dif­

ficulties experienced in attracting French and German theorists to spend longer 

periods at the ILL, it is intended to continue this practice of encouraging long­

term visitors on leave of absence from their home institutions. 

During the year, the Senior member of the Theory Group, P. Nozieres, took 

up a chair at the University of Grenoble. Happily, he continues to spend a large 

fraction of his time at the ILL and to take a strong interest in the well -being 

of the Theory Group. 

Besides the long-term visitors, mentioned above, there are a further three new 

members of the Theory College : B. Derr id a, who will work with Nozieres ; 

T .W. Burkhardt, whose field of interest is phase transitions and critical pheno-
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mena ; and P. Schuck, the first nuclear theorist to join the College, but who should 

be joined by a second in a few months time. 

Without being exhaustive, some of the major areas of interest of the Theory 

College can be summarized as follows : 

- Phase transitions and critical phenomena are being studied by real-space re­

normalization group methods. The problems under investigation include the 

spin-glass problem (Southern and Young), other models which include the 

possibility of tricritical points and first-order phase transitions (Burkhardt), 

and the effect of surfaces and finite thickness on critical phenomena (Burkhardt 

and Eisenriegler). Renormalization group methods have also been applied, 

in recent work by Lovesey, to study departures from hydrodynamic behaviour 

in low-dimensional fluids : further work related to the theory of fluids is being 

done by Derrida, who is considering a model, of the Lorentz-attractor type, 

which describes some aspects of turbulence. 

- In the field of many-body theory, one-dimensional conductors are continuing 

to receive attention by Hinkelmann, who has studied the optical properties 

of such systems, while Fogedby has applied the field-theoretic techniques, 

which he developed to study the dynamics of the one-dimensional electron 

gas to the Wolff model of an almost magnetic impurity in a non-magnetic 

host. Nozieres has also continued his work on magnetic impurities, to consider 

more realistic models, including the possibility of orbital degeneracy. 

Work on many-body theory now includes the study of nuclear matter, by 

Schuck, who is also conversant with the application of such techniques in 

solid-state physics, providing our lone nuclear theorist with a desirable overlap 

with other members of the College. 

- The study of the specifically many-body aspects of magnetic impurities is 

now supplemented by Gautier's much more wide-ranging interest in alloys, 

recent work including a study of thermodynamic properties of transition metal 

alloys, which is of relevance to neutron scattering experimentalists in this 

field, and to other experimental and theoretical work being done in Grenoble. 

- The investigation of static and dynamic fluctuations in paramagnets and, in 

particular, the case of one-dimensional magnets, has continued (Loveluck 

and Lovesey) with a study of paramagnets in a magnetic field ; the theoretical 

study is being complemented by a computer simulation for Heisenberg magnets, 

and a projected experiment at the ILL adds further interest. 

- A new interest is the study of superionic conductors (Hinkelmann and 

Hubermann) which has led to a collaboration in an experimental investigation 

(Hinkelmann and J.B. Suck). 

- Nozieres and collaborators have studied several topics which refuse the Pro­

crustean bed of the above groupings : with lche, the study of Brownian motion 

in the quantum regime was completed, culminating in the thesis of G. lche ; 

various problems arising from previous work on chemical desorption were 

examined ; and a study of terrestrial magnetism has been commenced. 



Finally, the group has greatly benefited from the visits, both long and short term, 

listed above. G. Trammel, spending his sabbatical year at the ILL, informed us, 

in several provocative seminars, of his rather fundamental work on subjects from 

gamma-ray lasers to the limits of microscopy ; D. Sherrington interacted with 

the work on spin glasses, and the visit of D. Licciardello prompted an on-going 

study of the application of rescaling methods to the electron localization problem : 

contributions to computer simulation studies on spin dynamics in one-dimensional 

magnets, and on short-wavelength collective modes on liquids, were made by 

E. Balcar and J. Lewis, while B.A. Hubermann stimulated work on superionic 

conductors, and P. Schofield continued work with Lovesey on density fluctuations 

in small particles. 

Secretary : J.M. Loveluck 
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college 3 
«fundamental and nuclear physics» 

I - MEMBERS OF THE COLLEGE Schuck P. 
Sellam R. (Grenoble} 

Almeida J. (I.S .N.) Siegert G. 
Asghar M. Vignon B. (1.S.N.} 
Balestrini S. (Giessen and Warner D. 

California} Wunsch K.D. (Giessen} 
Berko S. (Brandeis) 
Blachot J. (CENG} 

II - VISITING SCIENTISTS Bocquet J.P. (CENG} 
Borner H. (Julich} 
Braumandl F. Alexeev V. ( Leningrad) 
Casten R. ( Brookhaven} Andersson G. (CERN} 
Cavaignac J .F. (1.S.N.} Armbruster P. (GSI Darmstadt} 
Charvet J.L. {1 .S.N.} Clark D.D. (Cornell} 
Cran<;on J. (CENG} 

Clerc H.G. ( Darmstadt} 
Davidson W.F. 
Decker R. (Giessen} Crawford G. I. (Glasgow} 

Diggory A. F. Denschlag H.O. (Mainz} 

Do Huu Phuoc (Lyon) Forte M. (ISPRA} 
von Egidy T . Gelletly W. (Manchester} 
Emsallem A . (Lyon} Hamilton W.D. (Sussex} 
Greene J. (Harvard} Hoff R.W. (Livermore) 
Guet C. 

Kienle P. (Munich} 
Hawer:kamp K. 
Hetzelt M. Klein T. (Melbourne} 

Hungerford P. Kratz K.L. (Mainz} 

Jeenicke E. ( I.S.N.) Leroux B. (Bordeaux) 
Jung G. Lobner K.E.G. (Munich) 
Kaiser W. Miller P. (Oak Ridge} 
Koglin E. 

Nifenecker H. (Saclay} 
Larysz J. R. 
Mampe W. Pendlebury J . (Sussex} 

Monnand E. (CENG} Prokofjev P. (Riga} 

Moussa A . (CENG) Ramsay N. (Harvard} 
Namenson A. (Washington} Sheline R.K . (Florida) 
Perrin P.E.J . (CENG} Signarbieux C. (Saclay) 
Pi nston J .A. 

Sistemich K . . (Julich) 
Ribon P. (Saclay) 

Smith K. (Sussex) Ristori C. (CENG) 
Robson J. (McGill) Smither R.K. (Argonne) 

Roussille R. Van Assche P. (Moll 
Scharman P. (Sussex ) Wilson R. (Harvard) 
Schrader H. Wollnik H. (G iessen) 
Schreckenbach K. Yoccoz J. (Paris) 
Schussler F. (CENG} 
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Ill - SCIENTIFIC ACTIVITY 

Altogether 93 experiments were done in 1976, on Lohengrin (23), Bill (17), 

GAMS 1, 2, 3 plus Anti-Compton and Pair spectrometers ( 12), OSTIS isotope 

separator (14) and external beams (15). 

A - EXPERIMENTS PERFORMED WITH EXTERNAL TARGETS 

1. The experiment on alpha-particle accompanied fission of 236U was comple­

ted. The post-neutron fragment mass was determined from single fragment 

energy and time-of-flight measurements. About 1 Q5 correlated events were 

collected. Good fragment mass resolution and precise Q'. -particle angular 

distribution were achieved (ILL, GEN -Grenoble, Saclay, Bordeaux) . 

2 . The fragment energy correlations for the odd-even 23 7Np thermal neutron 

induced sub-barrier fission have been measured with 2 surface barrier silicon 

detectors. The aim is to compare the fragment mass distribution of an odd­

odd fissioning system (238Np) - not measured up to now - with the well 

known mass distributions of even-even fissioning systems such as 236 U. 

About 1.2 x 105 correlated events were recorded. Data are be ing analysed 

at present (ILL, GEN-Grenoble, Gent, Mai) . 

3 . The work done on the OSTIS isotope separator was as follows : the delayed 

neutron emission probability (Pnl values were determined for 94 -96 Rb 

and 143-145Cs isotopes from simultaneous neutron and beta measurements. 

High qua I ity delayed neutron energy spectra for the 93 -97 Rb isotopes were 

measured with 3 He ionization chambers. The BNG mode, where the delayed 

neutron following ~-decay feeds d ifferent excited states of the final nucleus, 

was studied directly using a coincidence technique ; the partial probabilities 

of neutrons going to the different excited states of the final nucleus were 

obtained for the 93 -96 Rb isotopes. High precision (~ 6 keV) Q~ - values 
of the 88 ,89,90 ,92,93Rb isotopes were obtained with an intrinsic germanium 

detector. 

The level schemes of 143 La and 143 Ba were established from -y -ray spectra 

and -y --y coincidence work. Furthermore, neutron, beta and -y -ray measure­

ments helped to determine with a good precision the half -lives of the dif­

ferent accessible Rb and Cs isotopes (Giessen, ILL, GEN-Grenoble, Mainz, 

Glasgow, Orsay, Los Alamos). 

4. The population and the decay of the 116 ns half-life shape isomer in 236 u 
following the thermal neutron capture by 235U was studied with a Ge(Li ) 

diode and an inner shell vacancy ( ISV) detector. The ISV detector helps 

to separate the fission events from those when there is no fission . The data 

analysis is not complete yet. (Cornell, Munich, ILL, ISPRA). 

5. The charged particle reactions such as (n, O'.) and (n, p) induced by thermal 

neutrons, have been carried out on targets of 129Xe, 77 Se, 155Gd, 167Er, 
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177Hf, 58Ni, 59Ni, 61Ni, 209Bi, 132Cs, 125Xe and 127Xe. The last three 

neutron deficient nuclides were produced at the ISOLDE facility at CERN. 

Moreover, thermal neutron induced fission cross sections of 232Th, 231 Pa 

and 237 Np, and the ternary fission to binary fission ratio ( LRA/B) values 

were obtained for 231Pa and 237Np. (ILL, Lyon, CERN, Gent, Mol, Go­

thenburg). 

6. The neutron binding energy of 4025.2 ± 0.6 keV for 137 Xe was determined 

using the 136Xe (n, -y) 137Xe reaction. The target was Xe gas enriched to 

91.2% in 136 Xe (Studsvik, ILL). 

7. A measurement of the asymmetry in the radiative neutron-proton capture 

has been performed using polarized cold neutrons on a parahydrogen target. 

The result, A-y = (0.6 ± 2.1) x 10-7, is in agreement with values predicted 

by various theories of the weak interaction . (Harvard, I.S.N.). 

8. The magnetic moment of the neutron is being measured using the split coil 

technique. Although the measurement is not yet finished with all the necess­

ary checks, the data obtained up to now give hope for an improvement of 

the precision of the previous value by a factor of ~ 100. ( Harvard , ILL, 

Sussex, Oak Ridge, GEN -Grenoble) . 

9. The Fresnel diffraction of neutrons of wave-length '/-.. = 4.33 A produced 

by single domain walls in a ferromagnetic foil was observed . This verified 

the spinor nature of the rotation of fermions (neutrons) by showing that 

an odd number of 21r rotations leads to a minus sign in the amplitude of 

the wave function. (Melbourne, ILL) . 

10. The work to determine the concentration profiles by (n, a) - and (n , p) -

reactions has been continued . Absolute 6Li/cm2 and 10B/ cm2 concen­

trations were determined (Munich, Berlin) . 

B - EXPERIMENTS PERFORMED WITH INTERNAL TARGETS WITH THE 
THREE SPECTROMETERS BILL, GAMS AND LOHENGRIN. 

1. The isotopes studied with the (n, e) -reaction with the beta spectrometer 
BILL were 56Mn, 80 ,82Br, 114Cd, 1151n, 122,124Sb, 147Nd, 155Sm, 

168Er, 162 ,164Dy, 174Yb, 190Qs, 196Pt, 200Hg, 198Au, and 249Cm. 

The O-values after neutron capture in 114Cd and 200 Hg will be determined 

to an accuracy of about 60 eV. In the case of 147Nd, precise values of mul ­

tipole mixing ratio M1 / E2 have been obtained for transitions up to 100 keV. 

The /3 , 'Y and octopole vibrational states were identified in 239LJ . (ILL, 

Argonne, Brookhaven, Leningrad, Livermore, Lyon, Manchester, Washington) . 

2. Nuclides studied with the (n, -y) reaction with GAMS 1, GAMS 2/3, Anti ­

Compton and Pair spectrometers were 44Ca , 80,82Br , 155Sm, 122,124Sb, 
168Er, 162 ,164Dy, 174Yb, 191 ,1 93Qs, 196Pt, 235LJ and 249cm. In the 

case of 44 Ca about 70 -y-ray transitions were observed below 1.5 MeV . More­
over, the various types of data led to a level scheme of 80 Br w ith 55 levels up 

to an excitation energy of 1 .5 MeV and to a level scheme of 82 Br with 37 



levels up to 1.3 MeV. A comparison between the 411 .8 KeV -y-ray in 1 98 Hg 
and the 511 keV annihilation line gave the energy of the 198Hg -y-ray as 

411 .805 ± 0 .005 keV. The 249Cm Ko: x-ray energies were determined to 

be Ko:i = 109.271 + 0 .005 keV and Ko: 2 = 104.583 ± 0.005 keV. (Prel i­

minary value). (ILL, Argonne, Belgrade, Brookhaven, ISN , Julich, Leningrad, 

Livermore, Lyon, Manchester, Mol, Washinqton). 
3. The mass separated fission products from Lohengrin were used in different 

ways to study nuclear spectroscopy of neutron rich nuclei and to get infor­

mation on the fission process itself. Decay schemes from -y -ray and 'Y , coinci­
dence data were constructed for 131Sn, 136Te, 145Ce, 145La, 145Ba. The 

O13 -values for 19 nuclides with an accuracy of ~ 100 keV were determined 

from the /3, coincidence work . The -y -rays in the final nuclei reached by 

delayed neutrons were studied for mass chains 85, 94 and 135 with a Ge(Li) 

detector. The delayed neutron work on other mass chains was continued. 

The Z-yields as a function of fragment kinetic energy of mass chains 133 

and 134 were studied by measurement of -y -rays . The work on mass yields, 

and Z-yields in the light fragment group of 235LJ thermal neutron fission 

with several direct methods was continued . 

The energy loss of fragments in different gases was studied with different 

ionization chambers. A large ionization defect in the specific ionization 

was observed with argon gas in the chamber. A few experiments to test 

different experimental techniques were carried out on the separator, as 

for instance the collision X-rays for the identification of the nuclear charge 

in the heavy fission fragment group. (ILL, Brunswick, CENG, Darmstadt, 

Dublin, Giessen, Glasgow, lspra, Julich, Mainz, Saclay). 

Secretary : M. Asghar 
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Although the scientific work of College 4 involves use of a wide range of ins­

truments including the time-of-flight spectrometers I N4 and I N5 and the back­

scattering spectrometer IN10, it is certainly the case that the study at I.L.L. of 

elementary excitations in condensed matter is centred on the group of triple axis 

crystal spectrometers (T.A.S.). Of these instruments, I N1, I N2 and I N8 operated 

in a reasonably reliable manner during 1976, while I N3 was largely rebuilt and 

now operates most satisfactorily. The existence of the high-flux machine IN8 

has allowed many studies hitherto impossible or at best extremely difficult. Unfor­

tunately, the "CARINE" computer-control system continues to give problems 

and leads to considerable losses of instrument time. The new cold -source ins­

trument, IN12, is under construction and first tests are planned for the summer 

of 1977. 

In March and October of 1976, the members of Subcommittee 4 - "Excitations" -

considered a total of 98 proposals ; this represents an increase of 40% over the 

figure for 1975. Of this total, the Subcommittee allocated instrument time to 



Variable curvature monochromator for I N3 

67 proposals, 32 of which were in the category "phonon dispersion and lattice 

dynamics" (04-01), 15 in "anharmonic effects and phase transitions" (04-02), 

and· 20 in "magnetic excitations" (04-03) . The largest increase compared with 

the year 1975 is in the first of these categories. Table Via lists by category the 

numbers of proposals submitted and accepted . 

Table Via 

Number of proposals submitted to the meetings of the Subcommittee "Exci ­

tations" in 1976. 

March October 

Category Submitted Accepted Submitted Accepted 
04-01 28 19 20 13 
04-02 11 8 8 7 
04-03 15 8 16 12 
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Table Vlb 

Instruments used for experiments in the College " Excitations" (September. 1975 -

September 1976) . 

Instrument IN1 IN2 IN3 IN4 IN5 INS IN10 D5 D7 D10 

NO of experi- 10 21 12 10 4 24 3 

mental 

periods 

During the past year, approximately 60 distinct College 4 experiments have been 

performed, man.y of which used several periods on one or more instruments. 

Table V lb gives a breakdown of these experimental periods by instrument. As 

mentioned above, it is obvious that College 4 experiments make particular use 

of triple axis instruments, and that the newest spectrometer, I NB, has moved 

rapidly to a prominent position. 

rransferring liqu id helium to the cryostat on INS 



With such a large number of experiments it is obviously impossible to discuss 

each one individually and so, as in previous reports, we have chosen several 

examples to illustrate the type of work at present being performed. 

The study of "conventional" phonon dispersion curves continues to be of interest. 

Measurements have been completed of the dispersion curves of the molecular 

crystal urea 1 and detailed model calculations have been performed. Acoustic 

modes have been observed in both crystalline and smectic phases of the liquid 

crystal TBBA2, while several groups have worked on quasi -two-dimensional ma­

terials such as Hgl23, TaS24 and Na0D5. 

There has been increasing interest in the effects of electron-phonon interactions, 

exemplified by an elegant experiment on polysulphur nitride (SN)x6 in which 

a sample composed of 12 tiny aligned single-crystals was used to study an anomaly 

in a longitudinal phonon branch ; it is probable that this difficult experiment 

would have been impossible on any ILL T.A.S. other than INS. Similarly a Kohn 

anomaly and non-commensurate superlattice has been observed in the layer com­

pound TaS24 . The [001] and [100] phonon dispersion curves are shown in Fi­

gure 11 . Again, INS was used, this time with 7 oriented crystals of total volume 

< 0.01 cm3. 

As in past years, many proposals were concerned with the dynamics of structural 

phase transitions. The now more-or-less standard "central peak" has been observed 

near the phase transition in the improper ferroelectric RbH 3 (Se03 )2 
7 , as well as 

a Brillouin zone-boundary soft-mode. A study has been started of the dynamics of 

the second-order ferroelectric phase transition which occurs in the material 

K(TaNb)038 ; as well as a central peak and damped optic mode there is evidence 

of an acoustic-optic mode interference. Other work involving the study of anhar­

monic effects has been that on mode Gruneisen parameters in Potassium9, invol ­

ving accurate frequency-shift determinations at pressures up to 4 kbar. The pres­

sure dependence of zone boundary phonons in SeleniumJ O has been used to 

improve the understanding of the nature of bonding in such semimetallic crystals. 

The time-of-flight spectrometers I N4 and I N5 were used by several groups to 

make phonon density-of-states measurements or to study quasielastic broadening 

effects. For dhcp Lanthanum 11 the phonon density of states has been determined 

at 4.2 K and room temperature ; using this data in conjunction with tunneling 

results, information can be obtained on the frequency dependence of the electron­

phonon coupling in such superconductors. As part of an investigation on "fast-ion" 

conductors using several instruments 12 , the quasielastic scattering from PbF 2 
and SrCl 2 has been investigated on I N5 ; in the latter compound there are indi­

cations of a broadening, attributable to cation diffusion . 

Turning now to studies of magnetic materials, we find that the T .A.S. on the 

hot-source, IN1, still offers an almost unique tool for the study of high energy 
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magnetic excitations. For example, the room temperature, spin -wave spectrum 

of the ferromagnetic , intermetallic material Fe3 Si 1 3 has been measured out to 

the zone boundaries - see Fig . 12 - where the excitations ·have an energy of about 

30 THz (~ 124 meV). The exchange interactions can thus be determined for this 

substance which has different moments on the different iron sites. Another ex­

periment necessitating relatively high energy transfers was that on longitudinal 

excitons in antiferromagnetic KCoF 3 
14 . Reasonably good energy resolution 

was needed for this experiment as, at a general wavevector, up to 4 distinct peaks 

were visible between 4 and 14 TH z, i.e. a phonon and three exciton branches. 

Use was made of the other T.A.S. instruments for many other magnetic experi­

ments. For example, by application of a uniaxial stress of 500 bar, a monodomain 

sample of Co015 was obtained, thus allowing the first observation of well -defined 

magnetic excitations in this antiferromagnet. Previous work on a multi-domain 

sample produced only extremely broad neutron groups. Another antiferromagnetic 

material recently investigated is CoCl 2 16 where there are 2 low energy excitations 

arising from the splitting of the degenerate antiferromagnetic modes by the aniso­

tropic crystal field. 

A technically novel experiment on a very similar system is the study of magnon­

phonon hybridisation in FeCl 2 1
7 using polarisation analysis. For this experiment 

the INS T.A.S. was equipped with a Heusler alloy analysing crystal, magnets and 

guide fields, so that a separation of "spin -flip" and "non-spin-flip" scattering 

could be made. Another inelastic scattering experiment involving polarized 

neutrons was part of the study of Pd 3 Fe 1 8 carried out using the 05 spectrometer. 

In this case, a polarized incident beam and conventional (Cu) analyser were used 

to separate magnon and phonon contributions to the observed inelastic scattering. 

The above two experiments may lead to a wider use of polarized neutrons in 

inelastic scattering investigations at I .L .L. 

It would be inappropriate to close this report without extending the thanks of 

College 4 members to S.W. Lovesey who retired from the position of College 

Secretary in April after 2 years of extremely efficient service to the College. 

Secretary : W.G. Stirling 
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During 1976, the four-circle Mark VI diffractometer D15 became available for 

scheduling, and has substantially reduced the load on D2, D8 and 010. Develop­

ment of 06, the multi-counter diffractometer ("hedgehog") using the modified 

Laue method, and of 014 , the television camera scintillation detector, was halted 

for lack of resources . However, the first complete structure determination has 

been reported from 012, the photographic neutron diffraction apparatus, and 

recently a He cryostat has been fitted to much extend the range of materials 

studied on this apparatus. As well, planning has begun for 019, a new area de­

tector system which will serve a wide range of users from those interested in 

kinetics of solid state reactions to those studying protein structure. Experiments 

are now beginning on the neutron interferometer 018, where it is possible for 

example to measure scattering lengths or study neutron waves in magnetic fields . 

The scheduled instrument group now includes three powder diffractometers, 

two polarized neutron diffractometers, three single-crystal diffractometers, 012 

and the quasi -elastic scattering 4-circle diffractometer 010. Each of these has 
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unique properties, and taken together with the special instruments S20 and S21, 
and Ll2 and Ll3 (the -y-diffractometer) referred to elsewhere, constitute a powerful 

tool for research using diffraction techniques. For its successful functioning, the 
ILL wil l continue to depend on close cooperation with users as is well illustrated 

by the study on D10 of the phase diagram of CsMnCl3 2D20 in skew magnetic 

fields using a superconducting magnet and a cold Eulerian cradle. Below we sum­

marize some other recent results. 

High-resolution neutron powder diffractometry has much enlarged the range 

of substances whose structural phase transitions may be fol lowed. Work has been 

possible on the influence of pressure on ferroelectric KH 2 P04 , the structure of 

uranium and its oxides at high temperature, and the structure of naphthalene 

at 25 kbar. Hydrogen bromide, methanol and ammonia have been examined 

at low temperature. Work on resorcinol shows that it is now possible to refine 

meaningfully as many as 140 structural parameters from a neutron powder pattern. 

The linear multidetector D1 B remains uniquely versatile. Suspected phase tran­

sitions may be verified in a matter of hours or even minutes, and the courses of 
sol id-state reactions are now routinely followed by recording changes in the dif­
fraction pattern of the system. Further, new results are being obtained in studies 

of the diffraction from mono- and bilayers on surfaces e.g. Kr/graphite or Ar/Mnl 2 . 

Detailed studies of magnetic structure continue : thus FeU2S5 orders antifer­

romagnetically at about 250 K, the uranium atoms having a small ferromagnetic 

component. Below 30 K, the uranium orders progressively and modifies the ma­

gnetic moments of the iron atoms. On D1 B also, several phase transitions of rare­

earth oxides have been followed in the temperature range 1800 to 2500°C. 

Several studies bearing on extinction in single crystals have been completed. Work 

on yttrium iron garnet has shown that by measuring flipping ratios it is possible 

to scale directly structure amplitudes measured at different wavelengths. This 

promises to be a powerful technique for the future. In another study, plastical I y­
deformed single crystals of Cu were examined on the -y-diffractometer and also 

with short-wavelength neutrons. A "peanut-shell" shaped mosaic distribution 

accounts successfully for both the 'Y and neutron results whereas a conventional 

ellipsoidal model does not. Hot neutrons were also indispensable for the location of 

interstitial F atoms in several d isordered phases of YF3 enriched NaYF4 . The 

electron density in the short symmetrical hydrogen bond in sodium hydrogen 

acetate was studied at 90 K by combination of accurate X-ray and neutron dif­

fraction data. The effect of neglect of T.D.S. in such work is now being inves­

tigated. 

Much work on phase transitions has been completed, including correlation of the 

structure of the improper ferroelectric RbH3 (Se03 )2 with the dynamic properties 

of the crystal ; and very precise measurements in the critical temperature region 

for several ferroelectrics using the S21 instrument. The high flux, low background, 



and high resolution of D10, operating in the 3-axis mode, made possible the first 

neutron observation of Huang scattering in neutron-irradiated MgO and -y -irradiated 

6LiF. 

Polarized neutron diffraction continues to provide new results. A study on D3 

of the magnetization density in partially ordered Au 4 V shows that the moment 

is confined to the vanadium sites and hence confirms that vanadium atoms in 

contact do not have a moment. Experiments on CoF2 show that a single 180°­

domain antiferromagnetic crystal can be produced under the combined action of 

pressure and magnetic ·field. Thus the magnetization distribution of both the 

magnetoelastic moment and the covalent moment can be determined. An ex­

periment on SmCo5 has shown the feasibilities of studying natural samples (not 

isotopically depleted) containing Cd, Gd, Sm, etc. by using wavelengths below 

0.5 A on D5. The spin density of the N-0 free radical in a single crystal of tanol 

suberate, the first known purely organic ferromagnet, has been studied. In con­

clusion we mention the study of the scattering of polarized neutrons from dyna­

mically polarized protons in hydrated lanthanum magnesium nitrate. It has been 

shown conclusively that the polarization within the sample is inhomogeneous, 

possibly due to temperature or microwave field gradients in the crystal . 

Secretary : S.A. Mason 
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As a general trend we might say that 1976 has been characterized by the develop­

ment of some highly successful programmes of which a short review is given 

below. On the other hand there is a non negligible amount (say about 25%) of 

experiments performed at the limits of either the present state of the theory 

or of the technique. Unless significant breakthroughs are made, these are often 

not reported but they are nevertheless characteristic of the actual scientific effort ; 

a few t itles : collective excitations in general, inelastic or quasielastic studies of 

superionics, glasses, amorphous systems, molecular liquids, binary alloys, extreme 

temperature or pressure conditions, critical phenomena . 

Two meetings have been organized. In March, an informal gathering of all the 

users working on binary alloys was the occasion to define priorities and to develop 

a general framework for research in the field. This should be considered as a main 

success considering the omnipresent dilemma between specific metallurgical 

problems and general scientific interest. In October, the week of the Scientific 

Council, a workshop on ionic systems clarified the experimental difficulties to 

be overcome and reassessed the priorities in this area. Both meetings should be 
considered extremely fruitful for the promotion of closer collaboration among 
users, defining priorities and drawing guidelines for instrumental developments. 

We hope in the future to systematically hold meetings in the different scientific 

areas covered by the College. 



2.1 Quantum liquids 

The programme of work on the excitations in liquid hel ium has continued during 

the past year . Although liquid 4He is certainly one of the most stud.ied of 

materials, neutron measurements can still produce valuable information. Using 

the IN5 spectrometer, a high -resolution measurement has been made of the small ­

Q phonon dispersion curve in superfluid 4He. Since long wavelength neutrons 

(6 to 8 A ) could be used, giving improved energy resolution and smaller wave­

vectors than hitherto possible (~ 0.07 < Q (A •1 ) < 1 .0) , a direct observation of 

the anomalous dispersion was made. In a second experiment, the pressure depen­

dence (0 < p (bar) < 20) of the dispersion curve has been investigated . Another 

high resolution measurement, this time using the IN3 instrument, was the ac­

curate determination of the roton energy at the saturated vapour pressure. By 

comparison with Raman scattering measurements it has been possible to verify 

the existence of a two-roton bound-state and to define its binding energy . 

Finally, a study has been made of the excitations in thin films of superfluid 4He. 

In a first experiment, graphite powder was used as substrate . Excitations could 

be observed in films of 3 layers and thicker . A second experiment used oriented 
"papyex" as substrate. As with the first experiment, no appreciable change 

occurred in the roton energy compared with bulk helium . 

Turing to the lighter isotope 3He, measurements have been made at improved 

resolution of the excitation spectra of several mixtures of 4 He in 3 He. The figure 

13 shows the excitation spectrum of a 6% (4He) mixture. The particle-hole con­

tinuum and single phonon-roton dispersion curve merge at about 1.7 A -1 ; it is 

not possible to say definitely whether the continuum is below the roton curve, 

but it certainly deviates from a strict quadratic dispersion . 

2.2 - Liquid metals 

A large programme which complements previous inelastic experiments has now 

been completed on liquid Rubidium and should improve our understanding 

of liquid metals. The structure factor has been measured with an increased ac­

curacy over a large k-range, the main peak of the structure factor itself being 

investigated over a temperature range from 450 K to 1400 K which corresponds 

to a density variation from 1.42 to 0.98 g/cm3 i.e. approaching the critical con­

ditions . The pressure derivative of S(Q, w) has been successfully obtained and will 

allow models of the triplet correlation function to be tested . 

2.3 - Binary alloys 

Previous work on Li alloys using the Bhat ia and Thornton formal ism and the 
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Fig. 13 

Experimental and theoretical excitation of 6% 3He.4He. The closed c ircles are the positions of 

the phonon-roton peaks, the triangles show where these peaks reach the background level, 

while the open circles give the positions and widths of the particle-hole continuum peaks. 

"zero alloy" technique has been extended to a detailed study of the Li -Ag and 

Li-Na· systems. 

Segregation effects are investigated in detail for some binary systems such as 

Al -Sn. 

New single crystal sapphire containers, successfully tested in the case of Fe-C 

(5% C) will probably open the way to the study of higher melting point alloys. 

2.4 Magnetic form factor 

The interest in magnetic form factors of simple fluids has been sustained. De­

pending on experimental conditions several approaches are now being used in order 

to separate magnetic from nuclear scattering : polarization analysis (liquid iron), 

isotopic substitution (liquid iron) comparison between similar systems (nitrogen 

versus oxygen gas). Moreover small angle scattering attributed to spin fluctuation 

has been observed in liquid iron. 

2.5 Molecular liquids 

By a systematic study of molecular liquids in the high k-range and at several 
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wavelengths (or incident energies) a deeper understanding of the inelasticity 

corrections as well as better values of the intramolecular structure factor has been 

reached. This has a direct effect on the qual ity of the intermolecular structure 

factor determination and comparison with new theoretical approaches such as the 

RISM model is very promising. 

2.6 - Molten salts 

The work on partial structure factor determination of molten halides was success­

fully extended to RbCI and CuCI. The available statistical accuracy seriously 

limits further development of the isotopic substitution method and an increased 

data collection rate such as provided by the multidetector technique is necessary. 

Critical fluctuations were observed near the liquid-liquid demixing point in the 

system K in molten KBr. The system seems to behave classically even at tem­

peratures very close to Tc· 

2.7 - Ionic solutions 

Continuing progress has been made in the use of isotopic substitution to investigate 

concentrated ionic solutions in D20. Salvation effects have been investigated as a 

function of concentration for the Nickel ion in NiCl2 and the Chloride ion in 

NaCl. Preliminary work as a function of temperature and especially pressure 

also allows very interesting quantitative information on salvation to be obtained 

in these cases. 

2.8 - Mesophases 

Incoherent neutron quasi -elastic scattering of different smectic phases in powder 

or aligned sample suggest that the accepted model for local order in these phases 

is not very adequate. The work has therefore focused on well defined experiments 
especially in the smectic C and A phases. Using extensively the Elastic Incoherent 

Structure Factor (EISF) it was shown that the neutron results do not support 

the existence of an orientational ordering around the long axis as predicted by 

numerous microscopic theories. Moreover in the smectic A phase, the picture of 

molecules arranged perpendicular to the smectic plane seems to be incorrect 

and this is investigated in more detail. 

Similar experiments using the E ISF concept have proved to '..,e a powerful tool to 
distinguish between different types of rotational motion in plastic adamantane. 

The smectic C - smectic A transition has been accurately investigated. The tilt 

angle and its corresponding critical exponent ~ were followed by a method based 

on rocking curves. 

Secretary : P. Chieux 
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Goeltz G. 

Grupp M. 

Hayter J. 

Heidemann A . 

Heitjans P. 

Just W. 
Korblein A. 

Kostorz G. 

Mezei F. 

Murani A . 

Parisot G. 
Radha krishna P. 

Roth M. 

Schweizer J. 
Stirling W.G. 

Univ . of 

Heidelberg 

Univ . of 

Heidelberg 

C.E.N.G. 

Ill -SCIENTIFIC ACTIVITIES 

Suck J. 

Thorel P. 

Wagner V. 

Young A.P. 

Zeyen C. 

Ziebeck K. 

Univ. of 

Wurzburg 

11 - VISITING SCIENTISTS 

Anders R. 

Fujara F. 

Hicks T. 

Soffge F. 

(Stierstadt, 

Munchen) 
(March 76) 

Univ. of 

Heidelberg 
(May 1976) 

Lucas Heights, 

Australia 

Univ. of 

Munchen 

Out of 99 proposals submitted to the subcommittee in March and October 67 were 

accepted . A total of 67 experiments concerning this college were carried out in 
1976. The instruments used were IN1, IN3, IN4, IN5, IN7, IN10, D7 and D11A. 

The small angle and diffuse scattering spectrometers D11 B and D17 are now in 

the test phase. They should become operational in 1977 and will then reduce 

the load on the heavily demanded machines D11 A and D7. Present areas of re­

search interest in the college fall into three categories : 

1. Mixed magnetic systems, 

2. Defects and disorder in solids, 

3. Diffusive motion in solids . 



A great effort was concentrated on the investigation of spin glasses . Diffusion 

and dynamics of superionic conductors is a field of increasing interest. 

1. Mixed magnetic systems 

Magnetic diffuse scattering of unpolarized neutrons with energy analysis was 

studied to determine the spin-spin correlation function in space and time for 

several systems exhibiting various unusual magnetic properties, namely 
Kondo, intermediate valence and spin glass behaviour. In the rare earth 

Kondo alloys CeLaAl2 and CeYAl2 and the "Kondo compound" CeAl 2 
the concentration and temperature dependence of the quasielastic and in ­

elastic line width of the crystal field split Ce3 + ions was investigated. From 

the data an increase of the Kondo temperature from CeLaAl2 to CeAl2 and 

to CeY Al 2 was inferred. In the intermediate valence compound CePd3 an 

abnormally large and almost temperature independent quasielastic line width 

and a reduction of the total magnetic cross section was observed indicating 

only 0.5 electrons in the 4 f shell. In the classical spin glass system Au Fe t he 

existence of two species of magnetic moments with different sizes and re­

laxation rates above the freezing temperature was deduced from inelastic 

neutron scattering. (M . Lowenhaupt, E. Holland-Moritz (KFA Julich), F. 

Steglich, H. Scheuer (Universitat Koln), W. Just (ILL)) . 

Measurements of the dynamics of spins in a Cu 8 at .% Mn alloy (A.P. Murani 

(ILL), J.L . Tholence (CRTBT)) show no evidence of critical slowing down 

normally associated with a second order phase transition which is predicted 

for spin glasses by some recent theories . Also, the temperature of the maxi ­

mum in the susceptibility is found to be dependent on the time constant 
of measurement, the neutron scattering data (time constant ~ 1 Q-11 s) yield - • 

ing a significantly higher value compared with that obtained by the con - • 

ventional ac susceptibility techn ique (time constant ~ 10·2s) . 

The temperature dependence of the hyperfine interaction on the vanadium 

sites in v3o7 was studied on IN10. A phase transition at 5.2 K was detected 

(A. Heidemann (ILL), K. Kosuge (Kyoto)). 

2. Defects and disorder in solids 

Small angle scattering from AIZn was investigated at high temperature and 

after aging at room temperature to study the supposed changes in decom­

position mechanism from spinodal to nucleation-and-growth. An interparticle 

interference peak of the Al-6 .8 at % Zn alloy aged at 133°C was observed at 

very small angles (D. Allen, R. Stewart (Reading), P. Guyot, G. Laslaz 

(Grenoble), M. Roth, G. Kostorz (ILL)). 

The study of irradiated GaAs has been terminated and the results are available 

in a thesis by S. Gupta (S. Gupta, E.U.J. Mitchell, R. Stewart (Reading) 
G. Kostorz (ILL)) . The anisotropy of neutron small angle scattering after 

fast neutron irradiation of a single crystal was attributed to the shape of 
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the displacement cascades. 

A programme on Ni based high temperature alloys has been started. The 

small angle scattering caused by precipitates was studied as a function of 

aging temperature and time, and uniaxial stress as an additional parameter 

(R. Miller, R. Stewart (Reading), G. Kostorz (ILL)). 

The small angle scattering from faceted voids in (3 ' -NiAI was studied further. 

Model calculations are under way to interpret the results (J.E . Epperson 

(Stuttgart), G. Kostorz (ILL)). 

3 . Diffusive motions in solids 

The study of hindered diffusion of hydrogen in Nb by quasielastic neutron 

scattering on IN10 was continued . Despite some experimental effort the 

predicted translational tunnelling motion could not yet be dectected (D. 

Richter , T . Springer (KFA Julich)) . 

The single particle motion in single crystalline Na was investigated on a 

microscopic scale by quasielastic neutron scattering on IN 10. In general 

the results are compatible with the model of < 111 > - jumps for mono­

vacancies but there are also characteristic differences which are probably 

caused by the motion of divacancies. Further work is in progress (A . Seeger 

(MPI , Stuttgart), G. Goeltz, A. Heidemann (ILL)) . 

4. In-Beam NMR spectrometry 

Studies of the electronic structure and atomic diffusion in LiMg, LiAg and 

LiCd alloys were performed on the in -beam NM R spectrometer (S6, Heidel ­

berg group) by measuring the temperature dependence of the spin -lattice 

relaxation time T 1 of 8Li . 

An information meeting on hydrogen in metals (organized by W. Just , T. 

Springer) took place on January 23, 1976 at the ILL. The aim was to gather 

the various groups which have used the HF R facilities for investigations on 

hydrogen metal systems, in particular the aspects of self -diffusion, lattice 

vibrations, structure and density fluctuations. The general aspects were 

Relation between local modes and the activation energy for diffusion, the 

influence of the strain field on local density fluctuations of the dissolved 

hydrogen atoms, diffusion in the presence of traps, direct hydrogen-hydrogen 

interaction, physical aspects of hydrogen storage in rare earth compounds 

and in Mg alloys. At the end of the meeting and after a general discussion, 

the different groups sketched their future programme, in particular at the 

ILL reactor . 

Secretary : A . Heidemann 



college 8 
«structural biology» 
I - MEMBERS OF THE COLLEGE 

at I.L.L. 
Bartunik H. 

Chauvin C. 

Dianoux A. 

Haas J. 

lbel K. 

Jacrot B. 

Mason S.A. 

Torbet J. 

Timmins P. 

CENG 

Euratom 

II - SCIENTIFIC ACTIVITY 

White J.W. 

Zaccai G. 

at the E.M.B.L. outstation : 

Berthet C. 

Gabriel A. 

Hulmes D.J.S. 

Lindley H. 

Miller A. 

Ngo Tri H. 

Tocchetti D. 

White S.W. 

EMBO Fellow 

EMBO Fellow 

Of the 72 proposals submitted to the Biology Subcommittee of the Science Coun­

cil for the two six-month periods of 1976, 53 were accepted. Most were for low 

angle scattering work using D11 A, but there were proposals, as well , for D8 (pro­

tein single crystal), D16 (membranes) and IN5, IN10 (inelastic studies) . The 

subcommittee cont inued the principle of test time on instruments for quick 

experiments to see whether or not more elaborate studies of a system were war­

ranted. It proved to be very successful, with most test experiments leading to 

well formulated proposals which were subsequently accepted. 

In the low angle field, the long term studies on the structure of ribosomes and 

chromatin are continuing, their progress emphasized by the publications in each 

subject . In part icular , it has been shown that in both the 50s and 30s ribosomal 

subunits the RNA is located towards the core of the particle with the protein 

more to the outside. In the chromatin nucleosomes, it has been shown that the 

protein is located towards the core with the DNA on the outside. The first studies 

on spherical viruses are now completed. They showed a strong correlation between 

protein RNA interpenetration and stability in those viruses. The work on the 

retinal rod outer segment membranes has also been completed and published 

this year. Using contrast variation, the rhodopsin was found to span the bilayer 

with small changes in its position on bleaching . Another interesting study, which 

shows the unique advantage of neutrons for certain structures, is the one on 

calcified tendon . Calcified tendon is essentially made up of collagen and a calcium 

mineral. Whereas with X-rays, calcium strongly dominates the scattering, with 
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neutrons, its contribution is comparable to that of collagen . This study located 

the mineral relative to the collagen in the structure. It is the first example of the 

successful use of contrast variation in a noncentrosymmetric system. The sensi ­

tivity of the neutron technique is clearly demonstrated in a study which has 

been started this year on aminoacyl -t -RNA-synthetases and their interactions 

with t -RNA. Complex formation between the enzymes (molecular weights bet­

ween 1 x 1 os and 2 x 105) and the t -RNAs (molecular weights ~ 2.5 x 104) 

and subsequent dissociation as the stoichiometry is varied have been followed 

by observing the changes in scattering in solvent conditions where only the enzyme 

contributes and where both the enzyme and the nucleic acid contribute . 

A number of inelastic experiments have been performed in 1976 but it is pre­

mature, as yet, to comment on their results except to say that they show the 

technique to be worth pursuing . 

In the single crystal field : At their March meeting, the subcommittee strongly 

backed protein crystallography as a long term project at the lnstitut, and demanded 

that an area-sensitive detector be developed to speed up data collection. In the 

meanwhile, the work on lysozyme is continuing on D8. Preliminary tests (on 

D17) on virus crystals (unit cell dimensions ~ 400 ,&. 3) to estimate the feasibility 

of a low resolution study to locate the nucleic acid core have been very promising. 

An important event in college life, this past year, has been the installation of 

the Biochemistry Laboratory under the responsibility of B. Jacrot. It is small 

but well equipped with , amongst other equipment, a spectrophotometer kindly 

provided by the E.M.B .L. It has greatly enhanced the quality of experiments 

on the beams, by allowing last minute sample preparations and controls under 

much improved conditions. The college has a close and excellent collaboration 

with the E.M .B.L . outstation , and it is hoped that now long term visitors will 

be attracted to the I nstitut for biological work . 

Secretary : G. Zaccai 
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I - MEMBERS OF THE COLLEGE 

Aldebert P. 
Bartunik H. 
Besnard M. 
Bomchil G. 
Carlile C. 
Chauvin C. 
Chieux P. 
Dianoux A. 
Duee E. 
Fitzgerald W. 
Ghosh R. 
Guillermet J. 
Hayter J . 
Higgins J. 
Haas J. 
Howells S. 
lbel K . 
Jacrot B. 
Jenkin G. 
Lajzerowicz J . 
Lehmann M. 
Leslie M. 
Lovesey S. 

CENG 

CENG 

Univ. de Grenoble 

Ill - SCIENTIFIC ACTIVITIES 

CENG 
Mason S. 
Mathieu J.P. 
Mezei F. 
Nunes A. 
Osborne H. 
Perry C. 
Riekel C. 

CENG 
MPI, Grenoble 

Rustichelli F. 
Schmidt G. 
Tabony J. 
Timmins P. 
Tomkinson J. 
White J. 
Wright A.F. 
Volino F. 
Zaccai G. 

11 - VISITING SCIENTIST 

James D. (University of 

Queensland , 

Australia) 

During the past year 100 experiments have been carried out by this College on 

13 different instruments. The most heavily used instruments continue to be : 

D1B 6 experiments 39 days 

D11 21 experiments 38 days 

IN1 B 9 experiments 29 days 

IN4 8 experiments 33 days 
IN5 20 experiments 49 days 
IN10 26 experiments 69 days 

A meeting of the European groups studying polymers was held again this year 

at Strasbourg in May . Results on smal I and wide angle neutron scattering as well 

as quasielastic neutron scattering were presented. 

In polymer mixtures values of Rg have been measured both in the middle and at 
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the edge of the compatibility range (Mainz group). 

For polymer solutions, it is now possible to describe the whole temperature-con ­

centration system by a universal function and the predictions for the critical region 

have been confirmed experimentally (Saclay group) . 

Work on block polymers in solutions with varying contrast factors has measured 

the classical parabolic variation of Rg (apparent) with contrast for a number 

of systems. Inelastic scattering from n-alkanes (n-C33 H68 ) has shown that there 

is quasielastic scattering in the C modification . The translational component of 

the motion is not controlled by the flip -flop process but by an additional kind 

of motion unknown up to now in which the time constant is 1 .3 x 10-8 sec. 

(Fischer, Ewen and Richter, Julich). 

In the field of molecular dynamics, the year was marked by the successful measure­

ment of tunnelling spectra in two different systems using the IN10 backscattering 

spectrometer . The spectrum for the NH4 + ion in NH4C 104 showed five pairs 

of side peaks whose positions could be measured as a function of temperature 
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(see Fig. 14). The energy level scheme has been unambiguously determined and 

the intensities established the degeneracies (Ji.ilich group). The spectrum for 

dimethyl diacetylene (hexadiyne) showed a single pair of peaks corresponding 

to the lowest torsional level at ~ 1 µeV . Again, as the temperature increased 

the side peaks eventually merged into the central quasielastic peak (Oxford group). 

Work continues on the structure and dynamics of adsorbed species. The system 

N H3 on graph on has been measured on D 1 B and IN 10 and shows that the gas 

clusters around certain aGtive sites with properties reminiscent of the liquid state. 

Varying the temperature of the sample produces a solid -liquid transition, close 

to that of bulk NH3, which is associated with the rapid diffusion of the NH3 

molecule. 

Experiments on the IN 1 B Beryl I ium filter spectrometer concerned the supported 

catalyst Pt-zeolyte and the powder Pt black. Results from the zeolyte indicate 

the breaking of Si-0-Si bonds by atomic hydrogen, while the Pt black results 

appear to be similar to those from the Pd-H system (Durham and Lyon groups). 

Other experiments on IN 1 B include vibrational studies of some bisbiacetate salts, 

which confirm the infra-red measurements, and some hydrogen bihalides, where 

the energy transfers were higher than previous measurements. 

Work on I N4 concerning the internal torsional modes of methyl rotors has led to 

very well resolved spectra and the confirmation of previous results (Durham 

group) . 

Secretary : Spencer Howells 
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european molecular biology 
laboratory, g renoble 
The E.M .B.L. Grenoble Outstation was started in September 1975. The raison 

d'etre of the Outstation is the High Flux Beam Nuclear Reactor at the lnstitut 

Laue-Langevin. The purpose is twofold, viz. to provide a compact yet compre­

hensive biological/biochemical laboratory which will be useful to scientists car­

rying out scheduled experiments at I.L.L. and to initiate a programme of research 

which involves the application of neutron scattering to problems of biological 

interest. The E.M .B.L. is in the grounds of the C.E.N.G., some 300 m from the 

Neutron Guide Hall. In January 1977 the gate through the C.E.N.G. security 

fence will be operable by the I.L.L. magnetic cards . 

The service aspect of E.M .B.L. will be run in close collaboration with I.L.L. The 

intention is to prov ide a laboratory where visitors can carry out last minute spe­

cimen preparation or specimen assay both before and after neutron experiments. 

Internal or external I.L.L. users are invited to use the E.M.B.L. facilities and, if 

required , E.M.B.L. staff will provide whatever assistance may be necessary for 

the successful completion of neutron experiments on biological materials. A list 

of the equipment available can be obtained from the E.M.B.L. office (ext. 3237). 

Since the I. L. L. schedule is known well in advance, it is requested that prospective 

users of the E.M.B.L. give two weeks notice so that staff have adequate time to 

ensure that the appropriate equipment is working in the correct configuration . 

Some. E.M .B.L. equipment is actually situated in the I.L.L. under the supervision 

of Dr. B. Jacrot . 

The research programme is at present confined to biological fibres, primarily 

connective tissue and muscle. It is clear from recent work that the amino-acid 

sequence of the collagen molecule, which is determined directly by the order 

of nucleotides in the D.N.A. coding for collagen, in turn determines the axial 

shift (of 670 ) which occurs between neighbouring molecules when they self­

assemble into collagen fibrils . The small -angle X-ray and neutron diffraction 

patterns can also be related to the molecules of known amino-acid sequence 

staggered by 670 A. with respect to each other. The one-dimensional character 

of these biological fibres has permitted an understanding of the structure of a 

native anima l tissue (tendon) to virtually amino-acid resolution in one-dimension . 

This is being used as a basis for interpreting the structure of modified connective 

tissue such as bone, cartilage and aorta wall. 

Exploratory studies are also being carried out by A. Miller (E.M .B.L.), J.W. White 

(1.L.L.) and collaborators on the inelastic scattering of neutrons and light by 



biological fibres. These measurements of molecular dynamics give information 

about the microscopic elastic moduli of the molecular components and, of course, 

these are precisely the aspects of biological fibres which are related to their struc­

tural role in biomaterials. 

A project has been started by H. Lindley (E.M .B.L.) to determine the amino­

acid sequence of the rod portion of the myosin molecule of muscle. This should, 

by analogy with the collagen work, provide the basis for analysis of the axial 

intermolecular contacts ~n myofilaments which can be supplemented by similar 

kinds of studies on the structure and dynamics of muscle. 

The staff of the E.M.B.L. consists of five scientists and seven technicians and 

research assistants. Further appointments remain to be made and will probably 

broaden the research programme. 

A.Miller 
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services techniques 

bureau des projets 
1. En liaison etroite avec les coordinateurs des groupes d'instruments, le Bureau 

des Projets a assure la preparation, la gestion et le controle du budget d'in ­
vestissement consacre a l'activite experimentale : 

1.1 29 appareils en fonctionnement ont beneficie d'ameliorations, parmi lesquels 
12 ont subi des modifications essentielles, que ce soit pour ameliorer les con­
ditions d'emploi ou elargir la gamme des mesures (augmentation du nombre 
des detecteurs de IN5, refonte de IN7, ameliorations de 010, etc ... ), ou 
pour satisfaire a des normes de securite (nouveau genera!eur X de LI 5). ou 
encore pour reduire le bruit de fond neutronique d'ambiance comme ce fut 
le cas sur 016. 

1.2 En parallele, ont ete finances partiellement cette annee le nouveau spectro­
metre a diffusion aux petits angles 017, le trois axes IN12, l'interferometre 
a neutrons 018 et la nouvelle source de Neutrons Ultra Froids. 

2. Sur le plan technique, outre la coordination et le suivi de la construction 
des nouveaux appareils precedemment cites, le Bureau des Projets a apporte 
son support aux scientifiques pour la preparation des avant-projets des ins­

truments a haute resolution comme IN10B et IN13 ou du spectrometre a 
temps de vol IN5B. 

3. Oans le cadre de !'amelioration d'equipements generaux le Bureau des Projets 
a defini, coordonne et finance une campagne de mesures destinee a preciser 
les caracteristiques des materiaux de protection utilisables pour reduire le 
bruit de fond neutronique. 

Entin le Bureau des Projets s'efforce de definir et preciser l'ampleur des modi ­
fications d'appareils ou equipements nouveaux a prevoir pour permettre aux 
scientifiques de travailler a l'I LL sur des isotopes emetteurs dans des condi ­
tions de securite acceptables. 

service de construction 
et de maintenance mecanique 
Les activites du Service se sont manifestees a la fois dans le domaine des dispositifs 



nouveaux, dans celui de la maintenance des dispositifs en fonctionnement et dans 

la recherche d'ameliorations pour de meilleures conditions d'exploitation des dis­
positif's. Dans ce sens, on s'oriente vers une plus grande souplesse, une plus grande 
rapidite de fonctionnement et une extension de la normalisation des composants 
qui, jusqu'ici, a donne d'excellents resultats. 

1. Nouveaux instrumen·ts : 

- en cours d'etude, de construction, d'installation : D18A, IN12, PN5 (Ultra 
Cold Neutrons), D13C 

- termines : IN7, IN11, D17,S13 

2. Complements d'equipement sur: D1 B, D4, D9, D11 A, D11 B, IN8, PN2 

3. Gros travaux de transformation ou de maintenance sur : D1 A, D2, D3, D5 
D7 , D9 , D10, IN1, IN3, IN5, IN9, IN10, D16, guides de neutrons IN5 et 

IN10, et guide de repartition de H16. 

4. Installation des Instruments speciaux : S4, S12, S25 S28, S29, S30, S31 

5. Mise en place de nouveaux gu ides de neutrons: D18, IN11 , PN5 

6. Amenagements : Plate-forme de circulation IN11 / IN12, coffrets d 'obtura ­
teurs, casemate pour essais bruit de fond 

7 . Essais de disposit ifs mettant en rnuvre des technologies nouvelles : 

- enceinte haute pression pour multidetecteur 
- collimateur aerostatique (Poisson) 
- positionnement piezoelectrique 
- Labyrinthe d'etancheite different ielle 

Par ailleurs , !'assistance technique a continue a se developper par la fourniture de 
materiels standard et par le pret d'instruments de mesure et de controle. 

section securite et radioprotection 
SECURITE GENERALE 
1. Etudes de securite dans le cadre de la Commission lnterne de Securite (CIS) 

Analyses de surete et examens des dispositifs exper imentaux utilises pour 
!'irradiation d'echantillons de forte radiotoxicite, par exemple : OSTIS, PN2, 
PN3 (experience avec 24 4 Cm), D5 (experience avec 242 Pu), S10 (cibles 
d 'uranium). 

2. Definition des prescriptions necessaires a !'amelioration des conditions de 
travail et la protection du personnel 

- Mesu res de nu isances 
- Mesures de bru it et d 'eclairement dans la sal le du PDP 10, dans le batiment 

condu its des neutrons 

3. Animation du Comite d'Hygiene et de Securite (CHS) 
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- Examen des pastes de travail, bilan et enquetes sur les accidents du travail, 
rapport annuel a l'lnspecteur du travail ... 

4. Prevention des accidents 

- Visite de securite dans les installations, essais systematiques des systemes 
de detection (incendie, inondation, explosimetres ... ) 

- Extension et amelioration du reseau de telealarmes (dans le reacteur, le 
batiment ILL 11) 

- Etude et realisation d'une installation d'extinction automatique des filtres 
de la ventilation du reacteur 

- Etude d'une detection fumee adaptee aux locaux des calculateurs 
- Respect de la reglementation frarn,aise concernant les verifications et epreu -

ves periodiques des appareils a pression de gaz, des installations electriques, 
des appareils de manutention , .. 

5. Formation et information du personnel 

- Seances de formation et de recyclage pour le personnel sur les aspects 
pratiques et reglementaires des appareils de levage et de manutention. 

- Entrainement du personnel au maniement d'appareils d.e premier secours. 

6. Maintenance et verification du materiel d'intervention 

- Extincteurs, appareils respiratoires, equipements de protection indivi ­
duelle . . . 

7. Suivi des echantillons dangereux 

- Assistance des physiciens pour le contr6Ie et le stockage de ces echantillons 

8. Aspects techniques du gardiennage 

- Mise au point du systeme automatique de contr6Ie des acces dans le reacteur 
- Extension du systeme a I 'entree hal I piscine 

RADIOPROTECTION 

1. Radioprotection dans les installations et autour des experiences 
•- Contr6Ies quotidiens des protections et des echantillons irradies, balisage, 

information et assistance aupres des physiciens et des techniciens 
- Contr6Ie et etalonnage periodiques (chaque cycle) des chaines de surveil ­

lance collective (reacteur et detritiation) 

2. Analyses en laboratoire 

- Spectrometrie 'Y d'echantillons liquides et gazeux lies au fonctionnement 
des installations nucleaires (analyses de routine et preventives) 
circuits D20 et H2o, huiles de rompes a vides, canaux .. . 

- 600 analyses sur des echantillons liquides. 300 sur des prelevements ga ­
zeux. 

- Analyses par scintillation liquide : 3500 echantillons analyses en 1976 
(circuits D20 et H2o, effluents liquides, huiles des pompes, urines, frot ­
tis ... ) 



3. Dosimetrie du personnel 

- Attribution et gestion des films, exploitation des resultats. 
6000 films delivres en 1976. 5000 films individuels et 1000 films de do­

simetrie de zone. 
1200 f i lms del ivres a des agents exterieurs a I' ILL (chercheurs-invites et 
entreprises) 

- Mise en place pour les agents non directement affectes et !'ambiance d'une 
dosimetrie par thermoluminescence. 

4. Preparation, suivi et controle des interventions en milieu actif 

- Taus travaux de decontamination 

5. Controle et surveillance des rejets d'effluents radioactifs liquides et gazeux 

- Analyses avant et pendant les rejets, bilans mensuels, liaison avec le Service 
concerne du CENG pour les aspects de surveillance du site 

6. Tri, conditionnement et gestion des dechets radioactifs solides et liquides 
avant leur transport et !eur traitement au CENG . 

7. Assistance radioprotection envers les problemes d'exploitation du reacteur 

- Etude DRG : contamination de surface des plaques de !'element combustible 
- Source de demarrage : optimisation d' irradiation de la source 
- Mesures de la stabilite du flux neutronique 
- Analyse de la derive des chambres de puissance 
- Analyse des consequences rad iologiques en cas d'accident a la detritiation 

8. Assistance radioprotection envers !'exploitation des experiences 

- Etude d'amenagement des locaux et des dispositifs experimentaux pour 
travaux sur produits de haute radiotoxicite (transuraniens), laboratoirea, 
cellule pour canal (3, appareils de physique nucleaire PN2, PN3 . 

9. Assistance radioprotection aupres du Bureau des Projets 

- Participat ion a la definition des protections autour des nouveaux dispositifs 
experimentaux 

- Essais sur les materiaux usuels de protection afin de definir leur efficacite 
sur le plan de la radioprotection (-y + n) et du bruit de fond (nth et neoith) 

- Analyse par activation des structures du dispositif UCN afin de mieux 
cerner les aspects corrosion et protection 

- Mesures de bruit de fond (Commission Bru it de fond) 

10. Formation et education du personnel en radioprotection 

- Seances d'information hebdomadaires pour tout le personnel 

11. Permanences de securite 

- Assistance du Chef de quart pendant les nu its et le week-end 
- Controles systematiques des l ieux de travail , inspections et recherche de 

la contamination dans toutes les installations 
- Interventions a la demande soit du chef de quart (installations du reacteur), 

soit des physiciens (dispositifs experimentaux). 
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services fabrications mecaniques 
amenagement et entretien 
FABRICATIONS MECANIQUES 

1. Les ateliers principaux de mecanique et chaudronnerie ant assure, avec les 
memes moyens que I 'an nee precedente, environ 10.000 heures de travail 
reparties sur 300 demandes, soit environ 80 % pour les besoins des experiences, 
10 % pour le reacteur et 10 % pour les besoins generaux. 
Les realisations les plus marquantes concernent une importante contribution 
a la creation de nouveaux instruments ou a la modification de ceux existants, 
selon details fournis au chapitre du «Service de Construction et Maintenance 
Mecanique». 

2. L'atelier «libre service» a vu, comme par le passe, la frequentation permanente 
d'une dizaine de techniciens qui, sous controle d'un ouvrier professionnel, 
ant assume eux-memes leurs travaux de fabrications mecaniques. Bien que 
d'importance limitee du fait des moyens disponibles, la qualite des realisa ­
tions s'est sensiblement elevee cette annee et apporte une contribution im­
portante aux travaux necessites par les experiences. 

3. L'atelier «produits speciaux» a continue a assurer, avec un agent, la fabrica ­
tion et la mise en reuvre des materiaux de radioprotection habituels (polyure ­
thane au carbure de bore, plaques de fluorure de lithium fritte, etc . .. . ) 

4 . Le magasin general «matieres premieres» est reste exploite par un seul agent 
pour tousles besoins de l'lnstitut. 

amenagement et entretien 
Les activites de cette section se sont exercees dans les domaines suivants : 

1. Etude des projets, passation des commandes, surveillance des travaux confies 
aux entreprises exterieures pour travaux neufs ou importants, travaux d 'en ­
tretien et de modifications aux installations existantes. 
Ces travaux portent sur 1,4 Mio F environ et 50 firmes environ . Les realisations 
essentielles sont : 
- le nouveau paste de garde a I 'entree du site 
- le local SP R pour triage et stockage des dechets actifs 
-· !'installation d'une cellule de relevement du cosinus (/) pour ameliorer le 

rendement des installations electriques et I 'al imentation secourue ( 150 KV A) 
des ordinateurs. 

2. Realisation de tout ou partie des travaux d'amenagement complementaires 
correspondants. 

3. Realisation pour les experiences - et sur demande des physiciens - des branche­
ments aux reseaux de flu ides et pet its amenagements complementaires annexes . 

4. Manutentions et transports a l' interieur de l 'I LL et partiellement vers l 'ex­
terieur . 



5. Maintenance et reparation des installations techniques generales en partie 
par agents ILL et en partie par entreprises exterieures. Ce secteur d'activite 
a represente en 1976 une surcharge considerable de travail du fait du vieil ­
lissement general de certaines installations (ascenseurs, monte--charges, ponts 
roulants , conduites de flu ides ou d'effluents) . 

6. Mise en conformite ·des installations avec les reglements en vigueur et travaux 
visant a ameliorer les conditions de securite en general. 

7. Nettoyage et entretien general des batiments, espaces verts et voirie par con­
trats exterieurs. 

8. Gestion et entretien du mobilier general de tout l'lnstitut. 

Nouveau poste de garde a l 'entree du sfte de I' ILL. 
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services exploitation du reacteur 
et des instruments 

fonctionnement du reacteur en 1976 

Le programme de fonctionnement, etabli en decembre 1975, avait prevu 6 cycles 
en 1976. 

La periodicite de marche (demarrage le mardi, arret le jeudi) a ete conservee dans 
la mesure du possible. 

ANALYSE DU FONCTIONNEMENT 

RESUME DES CYCLES 

Cycle 1-76 : - Demarrage Reacteur le 6/1 /76. 

Cycle 2-76 

Cycle 3-76 

Cycle 4-76 

Arret le 19/2/76. 
Ce cycle s'est deroule sans incident notable . 
A noter, toutefois, une evacuation du hall experimentateurs 
le 18/2/76 due a une legere contamination atmospherique 
(1/100 CMA) par suite d'une fuite sur PN1. 
Aucune contamination de personnel n'a ete observee. 

- Demarrage Reacteur le 2/3/76 . 
Arret le 1 5/4/76. 
Fonctionnement sans incident notable, sauf une chute de barres 
suivie d'un redemarrage immediat . A signaler une legere conta­
mination du hall piscine, suite a une manipulation de source 
du canal f3 (PN3) (1er mars 1976). Trois personnes ont subi une 
legere contamination externe (< 1 000 c/s). Un incident identi ­
que s'est reproduit le 8 avril 1976 (contamination externe de 
deux operateurs). 

- Demarrage Reacteur le 27 /4/76. 
Arret le 10/6/76. 
Aucun incident de fonctionnement notable, sauf deux chutes 
de barres suivies de redemarrage immediat. 

- Demarrage Reacteur le 22/6/76. 
Arret repousse au 8/8/76, pour recuperer 48 heures perdues en 
cours de cycle. 
Ce cycle a ete marque par une serie de chutes de barres suivies, 
pour la plupart, de redemarrages immediats, sauf en ce qui con ­
cerne l'arret du 4 au 8 juillet entraine par la rupture d'une cana -



Cycle 5-76 

lisation d'eau de refroidissement. 
Les chutes de barres ont eu pour cause principale les nombreuses 
baisses de tension EDF dues aux orages. 

- Demarrage Reacteur le 17 /8/76. 
Arret le 2/10/76. 
L'arret a ete repousse de 2 journees pour recuperer un arret suivi 
d'empoisonnement Xenon. 
Ce cycle a, lui aussi, ete marque par quelques chutes de barres 
par suite de baisse de tension du reseau EDF. 
A signaler, en outre, un incident de contamination du hall expe­
rimentateurs provoque par une fuite sur le dispositif PN1 Lohen­
grin, survenu le 27 aout 1976. Le niveau de contamination atmos­
pherique a l'interieur du hall a atteint 0,2 CMA (2.10-7 Ci/m 3 

). 

Le hall a ete evacue pour une duree de 5 heures environ. 25 per­
sonnes ayant presente une contamination externe ( < 300 c/s) 
ont du etre dirigees vers la douche. 

ARRET ANNUEL POUR MAINTENANCE DU 2/ 10 au 4/ 11/76. 

Cycle 6-76 

BILAN 1976 

- Demarrage Reacteur le 4/11/76 . 
Arret le 18/12/76. 
Aucun incident notable. 

- Nombre de jours programmes initialement 
- Nombre de jou rs de marche effective 
- Pou rcentage de marche effective 
- Pourcentage de marche effective par rapport 

a la marche prevue 
- Nombre d'elements combustibles utilises 
- Nombre d'elements combustibles envoyes en 

266 reduits a 264 jours 
262,4 j . 

71,8 % 

99,3 % 
6 

retraitement 0 
- Nombre de chutes de barres ou arrets imprevus* 28 

dont arret de courte duree 26 
. dont arret avec empoisonnement Xenon 2 

* Dans ce total, on a comptabil ise tousles incidents ayant entraine le declenchement 
du circuit de securite (en dehors des periodes d'essai). Cette definition englobe _un 
nombre de cas plus grand que celle retenue en 1975. 
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ANALYSE DES CAUSES D'ARRET OU CHUTES DE BARRES 

- Sur intervention d'exploitation 
- Electronique, controle, electrotechnique 
- Decrochage des barres de securite 
- Coupure alimentation E.D.F. 
- Cause mecanique 

ANALYSE DES CAUSES D'ARRET 

5 
7 

6 
9 
1 

On retrouve, encore, une statistique assez comparable a celle observee en 1975. 

a/ Barres de securite 
L'ensemble des barres de securite a pu etre remise au cours du 2eme semestre, 
en l'etat considere comme optimum . Toutefois, les etudes se poursuivent pour 
tenter de definir une solution de rechange au cas ou de nouvelles perturbations 
seraient observees. 

b/ La periode particulierement orageuse de l'ete 76 a eu une forte influence sur 
la frequence des chutes de barres. Toutefois, des progres de<:isifs semblent avoir 
ete faits en fin d'annee sur les points les plus sensibles aux coupures de courant 
de courte duree (Source Froide et systeme de pressurisation de l'eau lourde) . 

c/ II taut remarquer que malgre un chiffre total de chutes de barres comparable 
a celui de 1975, le nombre des arrets prolonges du fait de l'empoisonnement 
Xenon a decru de 8 en 1975 a 2 en 1976. 

FONCTIONNEMENT DES SOUS-ENSEMBLES 

Les sources froide et chaude ant continue comme les annees precedentes a fonc ­
tionner parfaitement. 

L'usine de detritiation de l'eau lourde a fonctionne tres correctement . Le soutirage 
du tritium a ete mis en service normal. La mise en marche de cette installation est 
modulee pour maintenir l'activite du tritium de l'eau lourde au-dessous de 3 Ci/I. 

Les quantites d'eau traitees sont (pour 76) RHF 
La quantite de tritium extraite 
La quantite de tritium expediee vers Marcoule 

57 000 litres 
76 000 curies 
57 000 curies 

Aucun sous-ensemble n'a pose de probleme grave en 1976. On peut signaler, toute­
fois, une montee d'activite de certaines zones du circuit eau lourde qui serait suscep­
tible de poser des problemes difficiles si elle venait a s'aggraver. 

D'autre part, la question du retraitement des elements combustibles pourrait poser 
un probleme difficile si elle n'etait pas reglee avant septembre 1977. 

D'autres problemes identiques se poseraient en ce qui concerne !'evacuation du 
tritium au cas ou notre correspondant a Marcoule cesserait toute activite en ce 
domaine. 



PRINCIPAUX TRAVAUX ET AMENAGEMENTS EN 1976 

ELEMENTS COMBUSTIBLES 
Dans l'hypothese du retraitement des E.C. aux U.S.A., une nouvelle methode de 
decoupe a ete mise au point. D'autre part, des etudes ont ete menees a bien pour 
verifier la possibilite d'allongement du cycle de fonctionnement par augmentation 
de la charge en uranium des E.C. Aucune decision n'a ete prise ace sujet. 

EAU LOURDE 
Un ensemble permettant l'epuration de l'eau lourde par distillation (debit 50 I/h) 
a ete installe. Sa mise en service se poursuit. 

CIRCUITS DE REFROIDISSEMENT INTERMEDIAIRES 
L'elimination des boues deposees par l'eau de riviere dans les circuits a constitue 
un travail long et fastidieux et a retarde le raccordement des experiences. Nean­
moins, ce probleme a ete pratiquement regle. Le reseau est de plus en plus etendu 
et fonctionne correctement. 

ELECTRICITE - CONTROLE 
Le deuxieme calculateur est entre progressivement en service au cours de l'annee 
1976. Certaines difficultes sont encore subsistantes mais en voie de reglement . 
La mise en service des nouvelles machines a ecrire s'est averee de plus en plus in­
dispensable, au vu de la frequence des defaillances des machines actuelles. Cette 
operation est en cours. 

Les chambres d'ionisation chargees du contr6Ie du Reacteur ant du etre rempla ­
cees en cours d'annee. Les difficultes rencontrees devant ces operations condui ­
sent a prevoir la mise en place d'un nouveau systeme de positionnement de ces 
chambres. 

VENTILATION EFFLUENTS 
Les incidents de contamination des halls rencontres en cours d'annee ont con ­
duit a ameliorer le reseau d'effluents gazeux afin d'eliminer certains problemes 
rencontres dans la liaison entre la sortie des experiences et le reseau general. 

BARRES DE SECURITE 
Les modifications apportees aux cinq barres de securite ant permis d'eliminer 
completement le probleme de l'accrochage des barres. On peut esperer que la sta­
bilite de la tenue en accrochage sera satisfaisante grace aux reglages rigoureux 
qui ont ete effectues . Une solution de rechange est toutefois a l'etude. 

ALIMENTATION REGULEE DES CALCULATEURS 
Un ensemble tournant de 180 KVA permettant de supprimer les coupures de cou­
rant de courte duree dans l'alimentation des calculateurs scientifiques, a ete mis en 
place et essaye . Son raccordement est prevu pour fin 1976. 
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Nouveau distillateur 
d'eau lourde . 



service environnement des echantillons 
1 SECTION VI DE 

- Maintenance du pare comprenant : 
198 pompes primaires 
45 pompes secondaires 
39 groupes speciaux 
17 pompes a air 

2 Roots Hibon a air 
4 Helitests 

- 560 interventions, dont 175 reparations importantes. 
- 550 tests helium pour les usagers exterieurs au service. 

Le travail de maintenance des pompes a vide est de plus en plus lourd en raison, 
d'une part du vieillissement du materiel, d'autre part, et surtout, de la contami­
nation radioactive croissante de certaines pompes ( 1 /3 du pare). L'effectif actuel 
permettra de plus en plus difficilement de faire face aux besoins. 

2 FLUI DES GRYOGENIQUES 

2.1 Azote liquide 
Consommation de 324 000 litres (+ 30 %) a 0,43 F le litre. 

2.2 - Helium liquide 
Fourniture par le GENG. 
Consommation de 41 250 I (+17,5 %). 

Gout moyen du I itre, pertes comprises : 10 F. 
Gaz fourni en libre service : 3 000 m3. 

3 
Pertes de gaz : 6 000 m (20 %) . 

A noter le doublement des pertes de gaz par rapport a l'annee precedente, du pour 
moitie au mauvais fonctionnement de la recuperation et pour moitie a la negligence 
des utilisateurs. 

Si le niveau de ces pertes devait encore augmenter, le principe de la fourniture 
d'helium en libre service devrait etre reetudie. 

Dans un proche avenir, le retour du gaz au GENG se fera par une ligne haute pression 
de 1 750 m . L'economie realisee sur le transport des cadres de bouteilles devrait 
amortir cette ligne en 2 ans. 
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3 CRYOSTATS 

3.1 - - Exploitation courante 

9 nouveaux cryostats ayant ete mis en service, le pare effectif est maintenant de 43 
cryostats, dont 10 couvrent la gamme 1,5 a 300 K et 17 sont affectes en permanence 
a des instruments determines. 

En raison des conditions d'emploi tres dures auxquelles ce materiel est soumis (trans­

ports frequents, changement d'utilisateurs, meconnaissance par certains utilisateurs 
des regles les plus elementaires) , le taux de reparation et d'obsolescence augmente 
rapidement . 

Les 156 demandes de pret ( + 20 %) ont ete satisfaites, avec, toutefois, quelques dif­
ficultes. 

La disparition et le depart de 2 agents du Service ont cause des difficultes certaines 

et ont, au moins pour un temps, diminue la qualite du service rendu . 

3 .2 - Developpement 
Le cryostat a temperature var iable 1,5 - 300 K, avec acces de L'echantillon par le 

haut, leger, compact et a tres longue autonomie (5 jours) developpe fin 1975 a ete 
teste avec succes en utilisation reelle. II semble repondre particulierement aux be­
soins propres a l'I LL et presente des avantages relativement contradictoires tels que, 
par exemple , grande vitesse de. variat ion de temperature permettant de faire rapide ­
ment des mesures a des temperatures differentes sans delai inutile entre les points, 
et stabilite suffisante pour des mesures de phenomenes critiques k 0,01 K) . Tousles 
utilisateurs l'ayant eu en mains ant manifeste le souhait de s'en voir attribuer un. 

Le corps de ce cryostat sera done, vraisemblablement, pris comme standard des 
futurs cryostats ILL. II ne faut cependant pas perdre de vue qu'il existe, mainte­

nant, sur le marche, des machines frigorifiques en circuit ferme, tres fiables et 
permettant de descendre a des temperatures de 8 a 10 K. Ces machines ne con ­
somment aucun fluide cryogenique et leur prix est ainsi amorti en mains de 2 ans. 
Afin de limiter !'augmentation des depenses de fluides cryogeniques, voire meme 
de les diminuer, ii est important que l'I LL degage les credits necessaires pour ache­
ter ces machines en quantite suffisante. 

3.3 --- Tres basses temperatures (T < 1 K) 
Tout developpement est actuellement bloque en raison du deces de M. PRATI . 

On peut esperer que son remplacement au cours du premier semestre 1977 permettra 
de mettre en service un instrument a utilisation generale d'ici la fin de l'annee. 

4 FOURS 

L'exploitation de routine est maintenant normalement assuree. Des besoins speciaux 
(tres grande stabilite ou tres haute temperature) sont apparus et les developpements 
necessaires sont en cours , le plus souvent en collaboration tres etroite avec les phy ­
siciens concernes. 



service exploitation des instruments 
Les techniciens et les ingenieurs de ce Service, qui sont maintenant au nombre 
de 43, ont pour mission de fournir un soutien technique aux appareils en service, 
et ont de ce fait continue a etre surcharges, surtout en raison de l'insuffisance de 
l'effectif en techniciens. Le volume d'assistance technique requis etant superieur a 
ce que ce Service pouvait assurer, on a du reduire le coefficientd'utilisation de cer­
tains appareils, ce qui a obligatoirement entraine le refus de prendre en charge un 
certain nombre d'experiences. 

Au cours de l'annee, on a procede a des reorganisations qui avaient pour but de 
rassembler !'assistance technique en des groupes plus importants pour arriver a 
une meilleure efficacite. Ouatre groupes 'appareils' et trois 'groupes de service' 
(groupe monochromateurs, chimie et central) ont ete constitues, une equipe char­
gee des halles d'experiences a ete ajoutee au Groupe Central, et le groupe Circuits 
du reacteur a entrepris de prendre en charge, par l'intermediaire du Groupe Central, 
tous les travaux en rapport avec les circuits d'eau de refroidissement et d'effluents 
radio -actifs . 

Ce service a contribue dans une proportion importante a !'installation de la plate­
forme pour les equipements a neutrons ultra -froids, D17, D18, IN9, ainsi qu'aux 
travaux de modification de la protection de D16. 

Au titre des attributions du Groupe Central, ses agents ant apporte leur concours 
a !'optimisation de D15 et IN11, a la poursuite des travaux demise au point de 
polariseurs multi-couches, a !'adaptation d'une micro-balance sur un cryostat, a 
la mise au point d'un systeme d'ultra-vide pour l'etude des surfaces, a la mise au 
point et a !'experimentation, en collaboration avec le Service Contr6Ie des Instru­
ments et Acquisition des Donnees, d'un nouveau multi-detecteur, et aux etudes 
en matiere de securite pour !'irradiation d'un echantillon de PU 242 P .Une etude 
d'un laboratoire equipe pour la manipulation de certaines matieres particulierement 
dangereuses, par exemple des elements transuraniens, a ete menee a bien et ce 
projet est presentement en discussion. 

La normalisation du fonctionnement des obturateurs de faisceaux dans le Hall 
des Guides de Neutrons a ete terminee, tout comme !'implantation d'un circuit 
memoire servant a indiquer l'etat actuel et l'etat immediatement anterieur de cha ­
que obturateur de faisceau secondaire. II s'ensuit qu'en cas de fermeture de l'ob­
turateur principal, l'equipe de quart peut maintenant faire redemarrer des expe­
riences dans un laps de temps particulierement reduit. 

On a mis a profit l'arret annuel du reacteur pour peindre tout le sol et toutes les 
surfaces en beton exposees a la vue dans le Ha II des Guides de Neutrons, pour 
reduire les problemes de poussieres. Le sol des zones experimentales de IN10, 
D7, D1 B et du Canal Technique, a egalement ete modifie, etant donne que le 
revetement plastique qu'il comportait jusqu'a present s'averait incapable de re ­
sister au choc thermique decoulant de projections accidentelles d'azote liquide. 
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services informatique 

introduction 

Au cours de l'annee 1976, ces Services n'ont fait l'objet d'aucune modification 
importante, pas plus sur le plan de !'organisation que sur le plan technique, et cette 
annee s'est principalement caracterisee par des problemes lies a des insuffisances 
d'effectifs et des restrictions budgetaires. 

Les instruments sont maintenant utilises de facon plus intensive que durant les pre­
mieres annees de fonctionnement, et certains equipements commencent a presenter 
des signes de vieillesse. II s'ensuit que l'entretien et le remplacement de systemes 
existants sont devenus l'activite predominante. 

L'ordinateur central DEC Systeme 10 continue a assurer les calculs scientifiques, 
y compris !'analyse des donnees et leur archivage, mais ii n'a pas ete possible d'aug­
menter la configuration en proportion de la demande, et cet etat de choses a con ­
duit a des difficultes considerables. 

11 n'en demeure pas moins que tous les membres du Departement se sont montres 
conscients des problemes de l'lnstitut et ont bien collabore a maintenir tous les 
systemes en fonctionnement. 

1 service contr6Ie des instruments 
et acquisition des donnees 

Ce service assume la responsabilite des mises au point, des ameliorations et de 
l'entretien des equipements electroniques, des dispositifs electroniques de com­
mande des instruments, des systemes informatiques des instruments et des detec­
teurs de l' I LL. 

1.1 -- SystemesCARINE 

[ CARINE 1 
CARINE 2 
CARINE 3 

D1 A, D1 B, 02, D5, D8, D9 
D1O, IN1, IN2, IN3, IN8 
unite de reserve pour les travaux d'essais et 
demise au point ; utilisation individuelle par D1 Bou D8] 

Des ameliorations techniques apportees a un certain nombre de diffractometres 
ont fait ressortir le fait que la longueur des temps de reponse de l'ordinateur cons­
tituait actuellement le principal goulot d'etranglement au niveau de nombreuses 



experiences. Pour que les instruments a trois axes n'aient pas a souffrir de ces pro­
blemes,on les a regroupe sur CARINE 2, et le systeme de reserve, CARINE 3, 
est affecte soit au D1 B soit au DB (qui sont les instruments imposant habituel ­
lement les exigences les plus rigoureuses), lorsqu'il n'est pas fait appel a son con­
cours par ailleurs. 

La possibilite d'utiliser des micro-processeurs pour accelerer les elements electro­
niques est a l'etude. Mais l'entretien des systemes electroniques existants occupe 
a plein temps le personnel dont on dispose, et la realisation pratique de modifica­
tions importantes ne sera pas chose facile. 

Les travaux d'unification des logiciels d'application se sont poursuivis, mais ont du 
etre souvent delaisses au profit de travaux visant a resoudre des problemes d'en­
tretien plus urgents. 

1.2 - Systemes NICOLE 

[ NICOLE 1 
NICOLE 2 

D7, D11A, IN4, IN5, PN1 
unite de reserve; pour essais et mises au point l 

Compte tenu de la decision de proceder au remplacement de NICOLE par un sys­
teme plus moderne et offrant davantage de souplesse, les travaux de developpement 
de ces systemes se limitent maintenant a de simples modifications au niveau du 
support des instruments, en particulier du polariseur de neutrons et des caches 
mobiles tournants sur le D7 . 

L'alimentation protegee, qui a ete mise en place a la fin de l'annee, devrait ame­
liorer la fiabilite dans des proportions considerables. Au cours de l'annee 1976, la 
principale cause · de derangement de ces systemes a en effet reside dans des pannes 
de courant provoquees par les orages, qui ont ete tres frequents au cours de l'ete. 

1 .3 - - Systemes PDP - 1 1 

D3, D6, DB, D11A/B, D14, D17, IN10, 1N11, PN2, PN3, Ll7, S4. 

Le PN2 (BILL) a ete dote d'un petit PDP 11/10, ce qui le rend independant vis a 
vis du PN3, et fonctionne maintenant dans des conditions satisfaisantes. Les trois 
spectrometres GAMS, qui composent le PN3, ont continue a poser des problemes 
d'interferences, et ii a done fallu mettre en place un petit PDP 11/04 pour pouvoir 
separer les GAMS 11 et 111 du GAMS I. Cet equipement fonctionne maintenant 
dans de bonnes conditions . 

L'abandon du projet de camera Arndt D14, a rendu disponible un petit PDP 
11/40. Celui -ci, apres differentes adjonctions, sera affecte au DB, instrument qui, 
retire de CARINE, aurait le plus d'avantage a beneficier d'un meilleur temps de 
reponse. 
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Le systeme equipe d'un PDP 11/40, destine au D17, est entre en service en sep­
tembre. II presente plusieurs caracteristiques nouvelles et originales, dont les equi ­
pements de controle des donnees en ligne satisfaisants et un circuit de transmission 
directe des donnees a l'ordinateur central. L'assimilation de la manipulation de ces 
equipements demandera un certain temps pour en tirer le maximum d'efficacite. 
Un systeme equivalent prevu pour equiper le D11 A/8 etait pret pour les essais a la 
fin de l'annee. 

Au niveau des systemes deja operationnels, des efforts considerables ont ete mis 
en oeuvre pour le D3 et l'IN10 en rapport avec les modifications apportees aux 
instruments. Pour l'IN10 et le GAMS 1, on a mis au point un module qui engendre 
des signaux acoustiques en fonction de l'etat operationnel du systeme, et qui a ete 
raccorde sur le reseau telephonique. Ceci permet aux collaborateurs scientifiques 
de verifier l'etat de fonctionnement de leur appareil a n'importe quel moment, 
en adressant simplement un appel telephonique a l'lnstitut . 

1.4 - Autres systemes d'instruments 

Pour arriver a un certain niveau d'automatisme dans l'acqui~ition des donnees 
pour l'I N9 au cours de ses essais de realisations pratiques, on a mis en place un 
systeme utilisant un micro-processeur INTEL 8080. C'est la premiere fois qu'un 
tel systeme est installe dans ces conditions a l'I LL, et son fonctionnement est 
observe avec beaucoup d'interet. 

Le systeme assurant la commande du D 15 et du D16 continue a causer des proble­
mes, particulierement au niveau de !'i nterface entre les equipements electroniques et 
le calculateur PDP 8/E. Pour le nouvel interferometre D18A, ii n'existe pour !'ins­

tant pas de ressources disponibles pour un ordinateur de commande mais la partie 
electronique est bien avancee. 

1.5 Equipements electroniques en general 

Ce groupe assure des prets et des reparations de dispositifs de mesure et de com­
mande electroniques au niveau de !'ensemble de l ' lnstitut. La demande a cet egard 
est en augmentation croissante , et ii devient difficile de la satisfaire de fat;on conti ­
nue. L'entretien essentiel de cet equipement demande maintenant tellement de 
temps, qu ' il en reste tres peu pour la mise en rnuvre de nouveaux modules. 

1.6 - Detecteurs 

De nouvelles batteries de detecteurs, dotes des equipements electroniques corres ­
pondants, ont ete installees sur l'IN7, D11 B et IN9 . Le nouveau detecteur a bi ­
dimensionnel a ete monte sur le D17, et son systeme a logique ultra-rapide a egale­
ment ete installe sur le D11 A. 

On s'est mis d'accord sur une specification pour un multi -detecteur uni -dimensionnel 
portable (type banane) qui pourra etre utilise sur des appareils du genre D8, D9, 
D16, et la realisation pratique a commence. 



Les travaux pour la fabrication de detecteurs a des fins de controle se sont egalement 
poursuivis. 

Le projet de camera Arndt D14,est maintenant abandonne. 

1.7 - Entretien des calculatrices 

Eu egard a !'augmentation des couts des prestations d'entretien, l'ILL a passe un 
nouveau contrat avec DIGITAL EQUIPMENT CORPORATION (DEC) aux termes 
duquel toutes les calculatrices entretenues par cette firme (PDP-10, quatre PDP 
11 /20 et deux PDP8)sont prises en charge par les techniciens residents DEC suivant 
une priorite determinee par l'ILL. II s'ensuit que lorsque des pannes simultanees se 

produisent, ii peut s'ecouler un temps tres long avant que l'une d'elles puisse etre 
reparee. On etudie la possibilite d'entretenir les PDP 11/20 par des techniciens de 
l' I LL (comme c'est le cas pour les 9 autres PDP 11) etantdonne que l'equipe d'en­
tretien et depannage est maintenant bien familiarisee avec les equipements DEC 
et opere avec une grande efficacite. 

Le nombre de pannes signale en dehors des heures normales de travail semble etre 
en regression. Les utilisateurs habituels de ces systemes se familiarisent avec leurs 
particularites individuelles et sont souvent en mesure soit de resoudre par eux­
memes des problemes d'importance mineure, soit de savoir comment proceder 
pour eviter qu'ils ne se produisent . 

2 service calcul scientifique 
Le volume des donnees experimentales transmises a l 'ordinateur central DEC Sys­
tem 10 est pour le moment stabilise a environ 200 M mots/an. Ceci traduit le fait 
qu'il n'a pas ete mis de nouveaux instruments en service. 

La demande en temps d'unite centrale continue a augmenter cependant , au fur et 
a mesure que les collaborateurs scientifiques apprennent a utiliser des programmes 
d'analyse et de correction plus elabores. L'unite centrale a fonctionne durant 3200 
heures en 1976, ce qui represente une augmentation de 25 % de son ccefficient 
d'utilisation par rapport a l'annee 1975. Ce chiffre ne reflete cependant pas le 
volume reel de la demande etant donne que le systeme se trouve sature durant la 
majeure partie du temps ou ii se trouve sous le controle des operateurs. Pour pallier 
a cette saturation, les collaborateurs scientifiques ont re<;u l'autorisation de faire 
fonctionner eux-memes cette machine la nuit et durant les week-ends, mais on 
ne considere pas qu'il s'agisse la d'une solution satisfaisante. 

Dans une telle situation, le personnel prepose a la conduite de cet equipement doit 
faire preuve de beaucoup de fermete en refusant l'acces aux personnes non auto­
risees. Mais etant donne le grand nombre d'experiences qui sont maintenant effec­
tuees par des groupes de travail mixtes composes d'agents de l' I LL et de chercheurs 
invites, ii est difficile d'etabl ir et de faire appliquer a cet egard des regles realistes . 
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II est egalement a deplorer que des restrictions budgetaires aient empeche, en 1976 
d'accroitre la configuration de l 'ordinateur central et d'agrandir la salle machine. 
On se pose maintenant serieusement la question de savoir si le systeme sera en me­
sure d'absorber les charges de travail futures qui lui seront imposees, et qui seront 
representees par exemple par les liaisons directes avec le D11 et le D17, et les 
quantites de donnees supplementaires qui decouleront de !'utilisation plus poussee 
de multidetecteurs. 

Les adjonctions apportees sur le plan du materiil ont ete les suivantes : 

- 1 commande de disque (ii yen a maintenant 7 au total) 
- 1 traceur de courbes electrostatique 'Versatec' (fonctionnant non connecte a 

l'unite de traitement) 
- 1 terminal graphique Tektronix 4010 (maintenant 2 au total) 

Le personnel de l'ordinateur central repartit son temps entre deux grands secteurs 
d'activite : travaux de mises au point du systeme, et aide aux utilisateurs . Nous 
pouvons citer dans le premier cas : 

- Introduction d'un nouveau logiciel fourni par DEC 
- Logiciel pour terminal a cassettes 
- Logic iel pour imprimante electrostat ique 
- modifications au niveau des structures d 'archivage de donnees experimentales, 

rendues necessaires par la transmission directe de donnees en provenance du 
D11etduD17. 

En ce qui concerne l 'aide apportee aux utilisateurs, l'aspect le plus positif que l'on 
ait en !'occurrence enregistre est que les problemes relatifs aux bandes de donnees 
destinees aux chercheurs invites ont ete pratiquement resolus . II est maintenant 
tres rare que l'on rec;oive des rapports de ces personnes se plaignant d'eprouver 
des difficultes de lecture ou de comprehension des donnees. Des ameliorations 

ont egalement ete apportees dans les domaines de !'analyse numerique, en par­
ticulier grace a un meilleur generateur de nombres au hasard, et a !'introduction 
d'un logiciel permettant la manipulat ion des nombres dans n' importe quel degre 
de precision souhaite . 

Au cours de l'annee, on a entrepris, pour le compte du Service des Relations So­
ciales et des Chercheurs Invites, le transfert dans le Service Calcul Scientifique 
d'une serie de travaux concernant les missions et la formation permanente rea ­
lises jusqu'alors par une firme exterieure . Les programmes correspondants fonc ­
tionnent correctement , et leur exploitation a ete confiee a des membres de ce 

service. 



administration 

Le departement «Administration» comprend le Service du Personnel, le Service des 

Relations Sociales et le Service Financier. 
Le projet de Convention d'Entreprise tenant compte de la situation specifique de 
l'I LL a abouti fin 1976 a un accord entre la Direction et les syndicats. Ce projet 
est a present soumis a !'approbation du Comite de Direction. 

personnel 
Les taches de plus en plus importantes et complexes en matiere de gestion du 
personnel ont amene le Service du Personnel a une restructuration interne, afin 
d'augmenter son efficacite et d'eviter au maximum les lourdeurs administratives. 

L'effort de recrutement en Grande Bretagne a ete poursuivi afin d'arriver a un 
meilleur equilibre des nationalites . II est a signaler egalement l'effort entrepris en 
matiere de mutation et promotion internes. 

SITUATION DE L'EFFECTIF 

Categories Mouvements en 1976 Situation Fluctu-* 
:, Embauches Departs ations % ell a, au 
5 lO et fluctua- et flue-

t.) I col. 4 par C 
·- ...... a, :, 31.12.76 ... . 

tions tu at ions 
... 

ell N ,a, 0 rapport 
:, ,- -... internes internes ~ + col. 2 u5 .... 0 (") 

( 1 ) (2) (3) (4) (5) (6) (7) 
1. ·Scientifiques 73 16 16 - 73 22 

2. Cadres tech - 54 4 - . + 4 58 -
niques et 
administratifs 

3. Collabora- 29 11 15 - 4 25 52 
teurs tempor . 
de these 

4. Techniciens 139 9 6 + 3 142 4 

5. Autres 100 6 7 - 1 99 7 
Categories 

Total 395 46 44 + 2 397 11 

Les mouvements importants de personnel sont, comme pour les annees precedentes, 

essentiellement dus au personnel scientifique ayant des contrats a duree limitee. 

* Pourcentage du personnel ILL qui a quitte I' lnstitut en 1976, par comparaison 
avec I 'effect if au 31.12.1975. 

111 



11 REPARTITION PAR NATIONALITE 1973, 1974, 1975, 1976 

Franca is 
Categories 

73 74 75 76 

Scientifiques 19 18 17 17 

Cadres et 38 
lngenieurs 

35 38 40 

Collabora-
teurs temp . 18 15 15 9 
de these 

Non-Cadres 182 195 196 193 

Totaux 257 263 266 259 

Variations +6 +3 . 7 

1) F ran<;ais 

2) Allemands et Britanniques 

Allemands Britanniques 

73 74 75 76 73 74 75 76 

25 26 22 21 7 13 22 22 

15 9 11 11 5 5 5 7 

10 7 5 9 1 2 7 7 

19 18 18 19 9 14 21 25 

69 60 56 60 22 34 55 61 

. 9 -4 +4 + 12 + 21 +6 

legere diminution en 1976 (-7) 

augmentation en 1976 (+4 et + 6) 

73 

17 

2 

4 

23 

Divers Total 

74 75 76 73 74 75 76 

11 12 13 68 68 73 73 

58 49 54 58 

2 2 31 26 29 25 

3 4 4 214 230 239 241 

16 18 17 371 373 395 397 

. 7 + 2 - 1 + 2 +22 + 2 

Evolution de lo repgrtit1on du personnel 

r nationalite de 1 970 a 1976 

Evolution de l'effectif 

Representation de chaque categorie 

effect if effectif 

400 Total 400 lOO¼Total 

300 300 

Fronc;:a1s I Gl°lo 

I Non-Cadres 

200 200 

100 

18¼ 18;• Scientlfiques 

42¼ 1 5 10 lngen·1eurs -
34°/ 16¼ G°lo Cadres 

8 °lo Collab. temp. 
these 

I 

0 1970 1971 1972 1973 1974 1975 1976 annee 1969 1970 1971 1972 1973 1974 1975 1976 annee 
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100 

80 

60 

V - PERSONNEL PAR CATEGORIE ET NATIONALITE AU 31.12.1976 

EFFECTIF TOTAL : 397 
Franc;ais 
Allemands 
Britanniques 
Divers 

SC IENTIFIQUES 

TOTAL:73 
F A B D 

259 
60 
61 
17 

INGENIEURS OLLABORATRJ 
CADRES (adnin) TEMP. THESE 

TOTAL: 58 TOTAL:25 
F A B F A B 

TECHNICIENS 

TOTAL:142 
F A B D 

F Franc;ais 
A: Allemands 
B Britann iques 
D: Divers 

AUTRES 
CATEGORIES 

TOTAL=99 
F A B D 

78 

Desequilibre evident entre Franc;ais et Allemands et Britanniques dans les catego­
ries I ngenieurs, Techniciens et autres. 

Apres dissolution du syndicat ILL, deux syndicats franc;ais restent representes 
en 1976. 

Lors du 2eme tour des elections de Delegues du Personnel, College Cadre, deux 
candidats hors listes syndicales, ont ete elus (1 titulaire et 1 suppleant). 

Le Comite d'Entreprise, conformement a ses attribut ions, a participe a la vie active 
de l ' I LL, notamment par l'intermediaire de ses diverses commissions (formation, 
amelioration des conditions de travail , Mutuelle, etc . .. ). 
II a pu egalement donner frequemment son avis sur les questions financieres et 
techniques. 

113 



114 

chercheurs invites-relations sociales 
formation 

(Tousles chiffres donnes sont arretes au 30.11 .76) 

CHERCHEURS INVITES 

Au cours de I 'annee 1976 nous avons enregistre : 
- 1344 passages de Chercheurs Invites . 
A ceci s'ajoute la gestion des Chercheurs Invites de longue duree (28) . 

Depenses 1976 = 2 050 000 F. 
Cette somme comprend les frais de voyage et indemnites journalieres pour les uti ­
lisateurs du reacteur, les chercheurs invites pour des experienceS-a long terme, semi ­
naires et les reunions du Conseil Scientifique. 

SERVICE MEDICAL 

a) La survei llance medicale du personnel et des Chercheurs Invites s'est effectuee 
suivant les risques encourus . 
Ainsi en personnel directement affecte (c .a.d. travaillant en zone controlee 
plus de 200 heures par an), nous avons eu : 
- 180 agents I. L. L. 
- 33 chercheurs invites. 

Ces personnes sont convoquees deux fois par an pour les prelevements et ana ­
lyses necessaires et visite medicale, qui s'effectue au Service Medical du Centre 
d'Etudes Nucleaires de Grenoble - Ont ete suivis, une fois par an, par le Mede­
cin du Travail exerc;ant dans les locaux de l'I.L.L. 
Agents I .L. L. Non directement affectes 124 

Non affectes : 95 
Chercheurs Invites Non directement affectes 116 

Les Chercheurs Invites qu, remettent, lors de leur arrivee, un certificat medical 
attestant leur aptitude a travailler sous rayonnements ionisants, sont dispenses 
de ces visites. 

b) 20 accidents de travail ont ete, ace jour, declares a la Securite Sociale dont : 
- 6 accidents ayant entra ine au total 99 jours d'arret de travail. 
- 3 accidents de trajets. 



c) Arrets de travail pour maladie, maternite, etc ... 
Au 30 Novembre 1976, nous relevons : 
98 arrets de travail ( 13 cadres, 85 non-cadres), representant 1666 jours d'ab­
sence, soit un pourcentage d'absence de 1,75 % par rapport au nombre d'heures 
de travail theorique correspondant. 
Le plus grand nombre d'arrets de travail se situe en Avril - Mai et Septembre. 
A noter cette annee, 4 maladies graves de longue duree, reconnues comme telles 
par la Securite Sociale, entrainant !'application de !'article 29.1 du Statut du 
Personnel (maintien de la remuneration sous deduction des indemnites jour­
nalieres de la Securite Sociale pendant toute la duree de la maladie). 

d) Securite Sociale et Societe Mutualiste du Personnel I.L.L. 
Au 30 Novembre 1976 : 6170 feuilles de maladie ont ete contr6Iees, com­
pletees par le Service et transmises a la Securite Sociale pour liquidation. 
( 5.580 decomptes en 1975 et 4.967 en 1974). 

- La Societe Mutualiste est intervenue pour le reglement de 4.715 decomptes 
de remboursements complementaires a la Securite Sociale pour un montant 
de 210.343 F au 30.11. 76. 

- Des conventions ont ete passees avec les h6pitaux et cliniques de la region, 
aux termes desquelles les agents, membres de la Societe Mutualiste du 
Personnel I.L.L., n'ont aucun frais a debourser - a !'exception de depenses 
personnelles - lors d'une hospitalisation qu'il s'agisse d'eux-memes, d'un con ­
joint ou d'un enfant, - sur presentation d'une attestation de «prise en char ­
ge» delivree par la Societe Mutualiste : 197 prises en charge ont ete deli ­
vrees ace titre en 1976. 

-- A noter que des remboursements complementaires sont effectues par 
l'I .R.R.A.P.R.I., (Caisse de Retraite des Cadres et Assimiles) en particulier 
pour des remboursements en radiographies, hospitalisations medicales du 
personnel participant a cette Caisse de Retraite aupres de laquelle nous 
avons souscrit un contrat de prevoyance. 

- 218 dossiers ant ainsi ete transmis representant 39.095 Francs de rembour ­
sements. 

QUESTIONS SCOLAI RES 
La moyenne du nombre d'enfants non-franc;ais accueillis a l'ecole de la Houille 
Blanche a ete de 42 pour l'annee scolaire 1975-76. Elle se situera a 50 pour l'annee 
1976-77 . 
Nous sommes en relations avec Hewlett -Packard - Ugine-Carbone - et Thomson 
qui envoient des enfants du personnel non-franc;ais, moyennant versement d'une 
participation financiere. 
Au lycee des Eaux Claires fonctionnent une classe de 6e et une classe de 5e expe­
rimentale , suivant les memes princ ipes qu'a la Houille Blanche (1 heure d'ensei ­
gnement par jour dans la langue maternelle aux non-franc;ais ; tout le reste du 
programme etant celui de !'Education Nationale Franc;aise) . 
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II n'est pas encore decide si la Direction du Lycee est d'accord pour poursuivre 
!'experience au dela de la classe de 5e, en raison d'une part de faible nombre d'en­
fants concernes (8 a 10 dans chaque classe) et des orientations decidees en fin de 5e. 

QUESTIONS DE LOGEMENTS 
Des aides a !'accession a la propriete sent intervenues 
- par l'intermediaire du C.I .L.A.F. (comite interprofessionnel du logement collec­

teur de fends de 1 % pour la region). 
- 22 prets pour une valeur totale de 253.000 Francs. Ces versements sont effectues 

dans le cadre de la loi de 1956, reglementant I 'obligation des employeurs de consa ­
crer 1 % des salaires brut a !'effort de construction. 

- aupres de l'I.R.R.A.P.R .I. - 3 prets directs pour une valeur de 81.000 F. 
- 3 cautions donnees pour des prets sollicites aupres 

de la Banque Nationale de Paris. 
- 2 dossiers refuses. 

FORMATION PROFESSION NELLE CONTINUE 
L'annee 1976 est marquee par un travail d'etroite collaboration du Service et la 
Commission Formation du Comite d'Entreprise. 

Le souci commun a ete : 

- d'etudier un systeme d'enseignement plus structure dans le domaine linguistique . 
- c'est ainsi en particulier qu'une convention a ete passee avec le C.U.E.F.A. (Centre 

Universitaire d'Educat ion et Formation des Adultes) dans les locaux duquel se 
deroulent maintenant l 'enseignement de l'anglais : les agents I.L.L. beneficient 
des moyens audio-visuels importants de ce Centre, encadres par des enseignants 
formes a l'enseignement des adultes. 

- de trouver dans la region Grenobloise des organismes valables susceptibles de 
repondre aux nombreuses demandes de formation professionnelle. 

- d'elargir le champ des formations generales, en recherchant des sujets d'interet 
reel : sont ou vent etre realisees dans ce cadre des formations en economie -
education du consommateur - etudes des institutions en France par exemple. 

Les differentes formations representent : 
- environ 30 % par les act ions linguistiques. 
- pres de 50 % par les actions professionnelles. 
- un peu moins de 20 % par les actions generales. 



service financier 

BUDGET ET COMPTABILITE 

Le budget autorise pour l'annee de reference prevoyait des depenses d'un montant 
total de 89,5 M. F. Sur· ce montant 1,4 M. F. devait etre couvert par des recettes 
propres a l'lnstitut, tandis que les contributions des Associes etaient prevues pour un 
montant de 88,1 M.F. 

En ce qui concerne les depenses totales evaluees dans le budget, le reglement transi­
toire a du - comme pour l'annee precedente- etre applique encore cette fois, d'apres 
lequel les gouvernements competents autorisent les Associes a approuver pour 
l'lnst itut , jusqu'a ce qu'un nouveau reglement contractuel soit en place, un budget 
plus eleve par rapport aux dispositions financieres de !'accord intergouvernemental 
du 19 juillet 1974. 

Entre temps la revision formelle de ces dispositions financieres a eu lieu. La version 
modifiee de l'accord intergouvernemental, qui annule la clause en vigueur jusqu'a 
present relative au plafond du budget annuel, a ete signee le 27 juillet 1976. La 
modification correspondante du contrat de la Societe a ete faite le 23 aout 1976. 

Par rapport aux depenses totales prevues dans le budget 1976, d'un montant de 
89,5 M. F., le solde suivant resulte de l'arrete des comptes provisoire 1976 : 

a) Frais de fonctionnement 

Matieres et materiels 
consommables 
Elements combustibles 
Frais de personnel 
Taxes 
Travaux , Fournitures et 
Services Exterieurs a 
long terme 
Autres Travaux, Fournitures 
et Services Exterieurs 
Frais de mission, demena ­
gements et transports 
Frais divers de gestion 

Total frais de fonction ­
nement 

1976 
(x 1000) 

6.270 
9.900 

41.856 
97 

7.400 

5.623 

950 
2.800 

74 .896 

%du 
total 

7,0 
11,0 
46,55 

0, 1 

8,2 

6,3 

1,0 
3, 1 

83,25 

1975 
(x 1000) 

5.940 
9.800 

36 .100 

8.570 

5.380 

800 
2.350 

68.940 

%du 
total 

7,8 
12,8 
47,1 

11,2 

7,0 

1,0 
3, 1 

90,0 
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b) Invest i sseme nts 

Batiments 

Amenagements (sauf dispo-
sitifs experimentaux) 

Dispositifs experimentaux 

Autres investissements 

Total investissements 

Total depenses 

c) Recettes 

Recettes i nternes 
Contribution des Associes 

Total recettes 

230 

1.100 

8.857 

4 .810 

14 .997 

89.893 

1.794 
88.099 

89.893 

0,25 

1,20 

9,9 

5,4 

16,75 

100,00 

2,0 
98,0 

100,00 

400 

1.000 

4.100 

2.200 

7.700 

76.640 

1.700 
74.940 

76.640 

0,5 

1,3 

5,3 

2,9 

10,0 

100,0 

2,2 
97,8 

100,0 

Les depenses totales provisoires de l'annee de reference n'etaient done inferieures 
que de peu a ce qui avait ete evalue dans le budget. Les recettes propres a l'lnstitut 
ont evolue de fac;on moins satisfaisante que prevu .Ouelques contrats attendus con­
cernant la detritiation d'eau lourde n'ont malheureusement pas ete conclus . 

1.1 Les depenses de fonctionnement ont augmente par rapport a I 'annee prece­
dente, passant de 68,9 M. F. a 74,9 M. F. ( + 8,7 %). Ce taux d'augmenta­
tation ne devrait depasser que faiblement I 'augmentation generale des prix 
pour l 'annee de reference. Les principaux ecarts par rapport aux dotations 
sont a signal er principalement au poste « Frais de mission et de sejour pour 
les utilisateurs du reacteur», ou les depenses sont superieures de 40 % environ 
a ce qu i etait initialement prevu . Ces depenses supplementaires sont essentiel ­
lement dues a une extens ion du fonctionnement pour les utilisateurs. 

1.2 Par rapport a l'annee precedente, les depenses d' investissement sont passees 
de 8,7 M. F. a 16,75 M. F. ( + 92 %). Pour des raisons de clarte ii faut ce­
pendant signaler que dans ces depenses sont compris 3, 1 M. F. destines a 
l 'achat d 'une installation pour le calcul scientifique, et qu'il faut done consi ­
derer comme une depense unique, ne se repetant pas annuellement. 

Dans le domaine de la comptabilite la procedure d'information a ete amelioree 
afin de rendre compte plus t6t aux services charges de la gestion des credits de la 
situation des depenses et des engagements pris . 
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3 ACHATS 

Le service des achats a traite 5.538 commandes au cours de l'annee de reference, 
contre 3.930 en 1975. Tous les achats ont ete executes en etroite collaboration 
avec les services techniques et scientifiques . 

De nouveaux succes sont a signaler pour cette annee en ce qui concerne les efforts 
qui ont ete faits pour atteindre un meilleur equilibre dans la passation des com­
mandes entre les trois pays partenaires. La part des contrats passes en Grande­
Bretagne et en R FA a evolue comme suit : 

1976 1975 

F % F % 
Volume des contrats 26 231 243 100,0 20 096 199 100,0 
Part : 
- France 16 493 089 62,9 12951198 64,4 
- RFA 6 594 704 25, 1 6 206 736 30,9 
- Grande- Bretagne 3 143 450 12,0 93e 265 4,7 

2 EVOLUTION DES DEPENSES 1973-1977 

De 1973 a 1976 ii s'agit de depenses 
reelles, en 1977 de valeurs du budget. 

Frais de personnel -----

Frai s de fonctionnement 

lnvestissements en dispositifs e~~rimentaux ---

1973 1974 1975 1976 1977 
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Un evenement douloureux a marque cette annee 1976. La mart tragique, causee 
par un accident d'avion , de deux de nos collaborateurs : 

M. Jean-Paul Giraud 
M. Gabriel Prati . 

Un fils de M . Giraud a egalement trouve la mart dans cet accident . 
Les deux disparus travaillaient a l'I LL depuis des annees au ils jouissaient de l'es­
time de tous . 
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A 

08 
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stands for the first letter of the first author's name 

is the serial number of registration . 
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' 

NUH F. M. 
NUNES A. C. 

O'BRIEN E. J. 
OBER R. 
OHM H. 
VON DER OSTEN W. 
PARFAIT R. 

PARISOT G. 

PARLEBAS J. C. 

PASTOR G. 
PATAUD P. 

PATTISON P. 

PAUREAU J. 

PAVLOVIC A. S. 
PENDLEBURY J. M. 
PENFOLD J. 
PERA M. H. 
PERRIN P. 
PETERLIN­
NEUMAIER T. 

PETERSEN H. U. 
PFEIFFER B. 

PFEIFFER P. 

n- • I ,. 

76K224 
76N157S 

76N161 
76N167T 

75W279 
76D399 
76K224 
75D104 
76S211 
76S358 
76S359 
758229 
76B196 
76H195 
75G281 
76G242 

76P19 
76G66T 
758257 
75R235 
76P175 
76C313 
76P352 
75B229 
75D142 
76M52 

76M112 
76H333 
76D183 
76H329 
76T147 
76D183 

75P248 
76P223 
768158 

75S219S 
76A61 

76M343 
76P220 

76S22 
76S364 
76S367 
75J128 
75P237 
75S256 

PFERDEKAMPFER K.E. 76S120 
PHILIPPOT F. 76V151 
PI COT C. 76C316 

PIERRE J. 
PIERREFEU A. 

PINCUS P. 
PI NSTON J. A. 

76D398 
76D399 
76P354 
76M81 

75P188 
76P255 
76P354 
75P237 



PINSTON J. A. 75R204 ROSSIGNOL M. F. 768168 SCHERM R. 76S362 
76B303 76B299 76W216 
76K338 ROTH M. 76192 SCHLAAK M. 76H271 

76P07 76L339 76S370 
76P33 76R36 76S371 

76P220 ROTH S. 76M82 SCHLENKER M. 76S106 
76P349 ROUBEAU P. 76J237S SCHMIDT K. H. 76C205 
76P350 76S145 76L214 

PINTSCHOVIUS L. 76P246 ROULTT. G. 75A46 76S120 
PONCET P. F. J. 76M149 ROUSSEAU M. 75R261 76S204 
PRAGER M. 76P353 RO USS ILLE R. 75P237 76W227 
PRUSSIN S. G. 76K224 75R204 76W380 
QUITTET A. M. 75C286 76B303 SCHMITT B. J. ,. 76K337 
RADHAKRISHNA P. 75B257 76K338 SCHMITT D. 76M81 

751241 76P07 SCHNEIDER J. 75S76 
75L11 76P33 SCHNEIDER J. R. 75805 

75R235 76P220 75B198 
76B116 76P349 75S252 

76L55 76P350 76B304 
76M82 76R259 76C313 

RAGAZZONI J. L. 76J237S ROZZI V. 76A78 76L238 
76S145 RUDOLPH W. 76K224 76P352 

RAHMAN A. 76C26 RUSTICHELLI F. 75H245 76S15 
RAINFORD 8 . D. 76M82 75H47 SCHOLLHORN R. 75R193 
RAMSEY N. F. 76D183 75M75 76R05 
RAUCH H. 76B09 75R211 SCHRADER H. 75A92 

76B53 75R320 75P237 
76B108 76A11 75S256 
76B262 76A78 76A61 
76B296 76A128 76B13T 
76R212 76A361 76C205 

RECKER K. 76A294 76M130 76L214 
REDOULES J. P. 76C256 76R34S 76S120 
REES B. 75J40 SACCHETTI F. 76K166 76S204 
REICHARDT W. 76W99 SADLER G. 75S256 76S367 
REIK H. G. 75H95 76M343 76W227 
REMPP P. 76D399 76P220 76W380 
RENOUPREZ A. 76R403 76S364 SCHRECKENBACH K. 75R204 
REVELLI J. 75S208 SAIBIL H. 76S390 76B303 
RIBON P. 76R134T SARDET C. 75L315 76J402 

76R144 SARMA G. 76D398 76P33 
RICHARDSON R. M. 76L 156 SCANU A. M. 75L315 76P349 

76L202 SCHAEFER A. 76G242 76P350 
RICHTER D. 75R298 SCHEDLER E. 76B129 SCHUCK P. 76G177 

76H159 76L47 SCHUSSLER F. 75P237 
76R404 76L146 75S256 

RIEKELC. 75R185 76S165 76A61 
75R193 SCHEITHE W. 76K241 76M343 

76R05 SCHERM R. 75B318 76S364 
RISE8OROUGH P. 76S125 75H323 76S367 
RISTORI C. 76K224 75M251 SCHWEIZER J. 768116 

76R01 75S322 76B117 
RITTER R. 76S165 76H109 76B168 
ROBERT J. B. 76G325 76H226 ' 76B174 
ROSS D. K. 76D281 76S165 "1: 76B298 
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76B299 
I 

76K381 76S235S I 
ROSSIGNOL M. F. 76B 117 76S356 76D75 i• 
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SEELIG A. 
SEELIG J. 
SELF A. G. 
SELIC H. A. 

SEYFERT P. 

SHAANAN M. 
SHERRINGTON 0 . 

SIAUD E. 
SIEGERT G. 

SIENKO M. J. 
SISTEMICH K. 

SMITH A. J. 

SMITH P. M. 
SMITHS. R. P. 
SOFFGE F. 

SOFFGE K. 
SOSNOWSKA I. 

SOUTHERN 8. W. 
SPITZER H. 
SPOONER S. 

SPRINGER T. 
STASSIS C. 
STEEB S. 
STEIGMEIER E. F. 

STEIN D. J. 
STEIN-ARSIC M. 
STEINBERG R. I. 
STEINER M. 
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76S145 
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76S71 
76S76 
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768298 
75A92 
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76A61 
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76S57 

76S363 
76A97 
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STILLER H. 
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STIPPLER R. 
STIRLING W. G. 

STOCKMANN H. J. 
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SUAU P. 
SUCK J.B. 
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76H109 
76H226 

76S72 
76S252 
76S362 
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76T154 
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760397 
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76W86 

76R403 
76H334 
75L315 
75M291 
75S313 
76S211 
76S357 
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76S359 
76S360 
76H331 
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76S235S 
76V379 
76S366 

768287T 
751241 
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76T154 
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76C40 
76C314 
76075 

76T377 
76S165 
76P220 
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76T176 
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76T147 
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WARNER D. D. 768303 ZEILINGER A. 76R212 
76P220 ZEYEN C. 75M205 

WEBSTER P. J. 76Z32 76M344 
WEILL G. 75A299 76Z14T 
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LIST OF THESES 

The experimental work of which was carried out at I.L.L. 

76117 

76P19 

76J30 

76M153 

76G155 

76P175 

76P223 

76L225 

76R259 

76B407 

76G408 

G. ICHE, These de Doctorat d'Etat, Grenoble ( Fevrier 1976). 
Description "Stochastique" de la Desorption. Equation de 
" Fokker Planck" Ou antique. 

J.C. PARLEBAS, These de Doctorat d'Etat, Strasbourg (Fevrier 
1976). Effets des Interactions entre lmpuretes sur la Structure 
Electronique et les Proprietes Magnetiques des Metaux Nobles 
ou de Transition. 

P. JEUCH, Doktorarbeit, Munchen (Feb. 1976). Anbau und 
Justierung des Konversionselektronen-Spektrometers BILL und 
Messung von Konversionselektronen nach Neutroneneinfang 
an 233Th. 

Jurgen MEYER, Doktorarbeit, Munchen (July 1976). 
Wechselwirkende Phononen in Kalium . 

G. GOLTZ, Doktorarbeit, Stuttgart (June 1976). Magnetische 
Kleinwinkelstreuung von Neutronen an Versetzung in verformten 
Eiseneinkristallen. 

P. PATAUD, These de Doctorat d' Etat, Grenoble (June 1976). 
La Diffusion des Neutrons de Grande Longueur d'Onde appliquee 
a !'Apparition du Magnetisme dans les Alliages Metalliques De­
sordonnes. 

T. PETER LIN-NEUMAIER, Doktorarbeit, Munchen. 
Untersuchung von nichtperiodischen Bewegungen in Teilkristal­
linem Polyathylen mittels hochauflosender Neutronenspektro­
skopie. 

F. LIVET, These de Doctorat d'Etat, Grenoble (Oct. 1976) . 
Contribution a l'Etude du Magnetisme des Alliages de Metaux 
de Transition par la Diffusion des Neutrons. 

R. ROUSSI LLE, These de Doctorat d'Etat, Grenoble (Oct . 1976). 
Etude des Niveaux Excites de Trois Isotopes de Neodyme de 
Masse lmpaire 147, 149,151 Nd . 

H. BORNER, Doktorarbeit, Munchen (December 1976) . 
Bestimmung des Termschemas von 239u durch hochgenaue 
Messung von r-Strahlungen nach Einfang thermischer Neutronen. 

M. GRUPP, Doktorarbeit, Heidelberg (December 1976). 
Defects in CaF2 Following the Thermal Neutron Capture Process 
19F(n, rl 20F and Relaxation by Intrinsic Anion Self-Diffusion 
in CaF2 . 
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CONFERENCES AT I.LL. IN 1976 

Information Meeting on Hydrogen in 
Metals 
(organized by T. Springer and W. Just) 

Meeting on Binary Alloys 
(organized by P. Chieux and A. Guinier) 

Workshop on "Special Di~fraction Methods" 
(organized by B. Klar and S.A. Mason) 

Structure and Dynamics of Liquids with 
Ionic Interactions 
(organized by J.R.D. Copley, and J.E. Enderby) 
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EXP ER I M ENT S PE RF ORME D AT I.L.L. 1976 

The following is a list of the experiments performed at I.L.L. from January 1 to 
October 1 1976 for which reports have been received up to January 10 1977. 

Please refer to the Annex of the Annual Report for a detailed study of the results. 

COLLEGE 3 03 01 026 Irradiation of photoemulsions PN1 
with fission products 

03 01 007B Nuclear charge distribution of heavy PN1 J. Greif (Giessen) 
mass reg ion fission products at G. Siegert, C. Chauvin ( I .l.L.) 
variable kinetic energies (Chain 133) 

H . Braun, Z . Alfassi , 03 01 027B0 Delayed-neutron spectroscopy S28 

H .O. Denschlag, W. Faubel, of Rb precursors with 3He 

G. Fischbach, T. lzak-Biran, ionization chambers 

G . Paffrath, T . Tamai (Mainz) K .L. Kratz, H . Ohm, 
H. Schrader, G. Siegert (1.L.L.) M. Zendel (Mainz) 

J. Cranc;on, C. Ristori (CENG) 
03 01 007B Nuclear charge distribution of heavy PN1 K .D . Wuensch (Giessenl 

mass region fission products at M. Asghar (I .L.L.) 
variable kinetic energies (Chain 134) 

W. Faubel, H. Braun, 
03 01 030 Decay properties of short lived Cs S28 
03 03 028 and Rb fission products, specially : 

H .O. Denschlag, T . lzak-Biran, 
OJ3 values of neutron rich nuclei 

J . Leuthner, H. Meixler, G. Paffrath , 
T . Tamai (Mainz) 

K .D. Wuensch, R. Decker, 

H . Schrader, G . Siegert ( I .L.L.l 
H. Wollnik, J. Muenzel, G. Jung, 
S. Balestrini (Giessen) 

03 01 008B O13-measurements in mass chains of PN1 
G. Siegert , E. Koglin (I .L.L.) 

short-I ived fission products . 03 01 030R Mass yields from 235u(nth • f) as a PN1 
H . Hawerkamp, F . Munnich , function of kinetic enegy and ionic 
R. Stippler (Braunschweig) charge 
R . Decker, B. Pfeiffer, 

H. Wohlfarth, W. Lang, H .G. Clerc, W. Wollnik (Giessen) 
E. Monnand, F. Schussler (CENG) K .H. Schmidt (Darmstadt) 

J ,P. Bocquet, H . Schrader (I .L.L.) H. Schrader ( I.L.L.) 

03 01 016B Spectroscopy of the short lived PN1 
03 01 031 R Nuclear charge yields of the PN1 

fission products 136Te and 131Sn. fission products from 235u(nth, f) 
as a function of the kinetic energy . 

J. Blachot, J.P. Bocquet, 
H.G. Clerc, W. Lang, E . Monnand, F. Schussler (CENG) 
W. Wohlfarth , H . Dann , 

0301 016B Spectroscopy of the short I ived PN1 K .H. Schmidt (Darmstadt) 

fission products 147La and 147ce H. Schrader ( I .L. L.) 

J. Blachot, J .P. Bocquet, 03 01 034A Nuclear charge distribution and PN1 
E. Monn and, F . Schussler (CENG) Of3 values measured with very 
B. Pfeiffer ( G iessen) high mass resolution of Lohengrin 
H. Lawin, K . Sistemisch (Julich) 

W. Kaiser, G. Siegert (1.L.L.) 

03 01 018A0 Investigation of the emission S28 
J. Greif (Giessen) 

probability of delayed neutrons, 
03 01 046 Mass yield measurement and PN1 Pn, of individual nuclei. The alkaline 

activities are obtained by the Ostis determination of the average energy 

facility. distance of the decay chain to 
the stable end product 

C. Ristori, J. Cranc;on (CENG) 
G. Siegert, W. Kaiser (I.L.L.) 

K .D. Wuensch (Giessen) 
M. Asghar (I .L.L.) H. Wollnik (Giessen). 

K .L. Kratz, W. Rudolph, 03 02 004 Level Structure of 80Br PN1, PN2 
H . Ohm (Mainz) 

PN3,PN4 

03 01 025A Nuclear charge distribution of PN1 Do Huu Phuoc, R. Chery ( Lyon) 

fission products Pn3-Group, PN2-Group (I ,L.L.) 
D . Heck (Karlsruhe) 

G . Siegert, W. Kaiser , 
T . von Egidy (I .L.L.) 

H .R. Koch , H.Seyfarth (Julich) 

H . Wollnik, G. Fiedler, G. Geisl, 
K . Munzenberg, J . Greif, H . Ewald, 
P. Armbruster (Giessen) 
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03 02 00SR Energy levels of 122sb and PN2, PN3 
R.F. Casten, D. Warner, 
J.A. Pinston, H. Boerner, 

03 02 031 124Sb 
W. Davidson (1.L.L.) 

V.L. Alexeev (Leningrad) A. Namenson (Washington) 
W. Davidson, J.A. Pinston, 
K. Schreckenbach (I .L.L.) 03 02 038 Conversion electron studies PN2 

of 190os 
03 02 006 Nuclear spectroscopy PN4 M. Macphail (Manchester) 

232Th(n, -y)233Th 
K. Schreckenbach, 

P. Jeuch (I .L .L.l R.F. Casten (1.L.L.I 

03 02 009 Measurement of the PN2, PN3 03 03 012 Observability of 21T Special 
154Sm(n, -y) 15fism and PN4 rotations. (Fresnel diffraction S26 
154sm(n,e) 15fism spectra of neutrons) 

R.K. Smither (Argonne) A.G. Klein, G.I. Opat (Melbourne) 
A. Namenson, PN2-Group, 
PN3-Group (I .L.L.I 03 03 019 Determination of the neutron Special 

binding energy of 137xe Set-up 
03 02 018 The nuclear level structure of PN2, PN3 B. Fogelberg (Nykiiping, 172yb and 174yb PN4 Sweden) 

J. Larysz (Manchester) 
03 03 020 Determination of concentration Special 

03 02 024 X-ra1s from double K vacancies PN3 profiles by In, al- and (n, p)- Set-up 
in 2 Ju atoms ; X-ray energies from reactions 
Th, Pa, and U ; -y-lines from R. Henkelmann, K. Mueller, 
232Th(n, -y)233'fh . 

M. Lindner (Munchen) 
J.P. Desclaux, H. Boerner, J.P. Biersack, P. Mertens (Berlin) 
K . Schreckenbaoh, P. Jauch, 
W. Davidson, J.A. Pinston (1.L.L.) 03 03 022 Beta + Neutron + Gamma ray S28 

decay mode of isotopes of 
03 02027 High precision measurements of PN2 rubidium and caesium 

level width, level energies and Auger G.I. Crawford, S.J. Hall, J.D. Kellie 
electrons of atomic shells (Glasgow) 
K. Schreckenbach (I .L.L.) M. Asghar ( I .L.L.) 

R. Decker, K. Wuensch (Giessen) 
0302 028 High precision measurement of PN2 

0 -values and primary transition 03 03 024 Time of flight spectrometer capable S28 
energies in the thermal neutron of determining the velocity of recoil 
capture process nuclei from delayed neutrons 

F. Braumandl , P. Paris (CNRS, Orsay) 
K . Schreckenbach (I .L.l.) H. Wollnik, K. Wuensch (Giessen) 

03 02 029 M subshell ratios of pure E2 PN2 03 03 044 Gamma ray spectroscopy with S28 
transitions in the rare earth region the mass separator OSTIS 

W. Gefletly (Manchester) J. Blachot, J.P. Bocquet, 
K . Schreckenbach, E. Monnand, F. Schussler (CENG) 
R. Casten (I.L.L.) K. Wuensch, E. Koglin (Giessen) 

B. Fogelberg (Nykoping, 
0302 030 Level structure of 249cm PN2, PN3 Sweden) 

by neutron-capture, gamma-ray 
measurements 03 03 044 Gamma ray spectroscopy with PN1, 528 

R. Hoff, T . von Egidy, W. Davidson, the mass separator OSTIS and 

K. Schreckenbach, H. Boerner, 
LOHENGRIN 

D . Warner (Livermore, USA and J. Blachot, J.P. Bocquet, 
I.L.L.) E. Monnand, F. Schussler (CENG) 

K. Wuensch, B. Pfeiffer (Giessen) 
03 02 033 Study of the levels of 196pt PN2 H. Lawin, K. Sistemisch (Julich) 

with particular emphasis on the 
excited K = 0 bands 03 03 052 Low energy neutron induced S10 

R.F . Casten. (n, p) - and (n, 00 · reactions in 

K . Schreckenbach ( I .L.L.) neutron deficient nuclides 

G. Andersson (Goteborg, Sweden) 
0302 034 Study of levels and PN3 M. Asghar ( I .L.L.) 

transitions in 1910s : A . Emsallen (Lyon) 
systematics of low lying E. Hagberg, B. Jonson, 
N ltsson orbitals and fragmentation Tidemand-Peterson (CERN) 
of N llsson strength at higher 
energies . 
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0303053 (nth, al - and (n, '}Q:) - reactions on S10 04 01 066 Anharmonic effects in INS 
medium and heavy nuclei orthorhombic KNb03 

M. Asghar (I .L.L.) A.M. Quittet (Paris) 
R. Chery, A . Emsallen (Lyon) C.H . Perry, H. Buhay (Boston) 

A. Cur rat ( 1.L.L.) 
03 03 054 Study of (n, 00• and (n, f)-reactions S10 

for several heavy isotopes 0401 067 Phonon dispersion of INS 

M. Neve de Mevergnies, polysulfur nitride, (SNlx 

C. Wagemans (Moll L. Pintschovius (Karlsruhe) 
A.J. Deruytter, P. D' Hondt 
(Gent, Belgium) 04 01 071 Constantes elastiques de NiS IN3 
A. Emsallen (Lyon) a la transition metal-non metal 
M. Asghar (I.L.L.) 

R. Brusetti, J.M.O. Coey 

COLLEGE4 (CNR.S Grenoble) 
C. Escribe, G. Parisot (I .L.L.) 

0401 013A Phonons dans l'uree INS 0401 072 Phonon density of states in IN4 
deuteriee gallium 
J Lefebvre, R. Fouret ( Lille) L. Bosio, R. Cortes 

0401 038 Phonons in beta-gallium IN2 
(CNRS Paris) 
J.B. Suck, J.R .D . Copley (I.L.L.) 

L. Bosio, R. Cortes (Paris) 
J. Copley, W. Teuchert (I.L.L.) 04 02 007A Giant Kohn anomaly in KCP INS 

B. Renker, 

0401 040 Phonons in the layered IN3 L. Pintschovius (Karlsruhe) 

structure Hgl 2 R. Comes (Orsay) 

G. Schwab, B . Prevot, 04 02 016C Pressure dependence of zone INS 
M. Sieskind (Strasbourg) boundary phonons in selenium 

0401 041 Phonon dispersion in cerium IN3 W.D. Teuchert, J. Meyer (I.L.L.) 

deuterides H. Wendel (Stuttgart) 

P. Vorderwisch (Berlin) 04 02 018A Etude des modes de phonons IN2 
S. Hautecler (Moll sur le TBBA 
G .G. Libowitz (Morristown) 

J . Doucet, A.M. Levelut, 

04 01 042R Phonon anomalies in TiN INS, IN1 M. Lambert, P. Porquet (Orsay) 

W. Kress, H. Bilz, 
B. Dorner (I.L.L.) 

P.· Roedhammer (Stuttgart) 04 02 019A/B Anharmonic phonons in CuCI IN2 
A. Christensen (Aarhus) 
W.D. Teuchert (1.L.L.l H. Hennion (Gi t) 

B. Prevot (Strasbourg) 

04 01 044 Lattice vibrations in some layer INS 
crystals ; Measurements on Sb2Te3 0402 021 Pressure dependence of phonon INS 

H. Burkhard, P. Grosse (Aachen) 
energies in Naphtalene 

V. Wagner (I.L.L.) J . Kalus, Schmelzer (Bayreuth ) 

04 01 047 Dynamics of Kr adsorbed on IN4 04 02 022R Structural phase transitions of INS 

graphite boracites 

J.P. Coulomb, R.J . Nelmes, 
M. Bienfait (Marseille) F.R . Thornley (Edinburgh) 
C. Marti (Paris) 
P. Thorel, B. Croset (I.L.L.) 04 02 026 Lattice dynamics of KCN IN2 

04 01 049 Study of the phonon modes of TaS2 INS 
J. Daubert (Munich) 
W. Dultz (Regensburg) 

K .R.A . Ziebeck, B . Dorner, A . Loidl ( Frankfurt) 
W.G . Stirling (I.L.L.) K . Knorr (Tubingen) 
R. Schoell horn (Munster) 

04 02 030 Second order phase transition IN2 
04 01 055 Ouasielastic scattering IN5 of KTN (Ferroelectric) 

from Pbl2 and SrCl2 J . Courdille, J. Joffrin, 
M .H. Dickens (Oxford and S. Ziolkiewicz (Paris) 
Harwell) 

04 02 032 Investigation of ferroelastic IN3 
04 01 060 Lattice phonons of AgBr in the IN2 phase transition in Sb507I 

premelting regime W. Pretti, C.R. Becker (Regensburg) 
W. van der Osten (Paderborn) V. Wagner (1.L.L.) 
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04 03 014 Elastic-diffuse scattering in Rbl D7 04 04 040R Magnetic excitations in INS 
under pressure (complementary antiferromagnetic CoO 
measurement) D. Ronzaud (C.N .R .S. Grenoble 
0 . Blaschke, G. Ernst, and I.L.L.I 
G. Quittner (Wien) V. Wagner (Wiirzburg and I .L.L.) 

R . Geick (Wurzburg) 
0403015A Allotropic (martensitic) phase D10 

transformation and the polytype 0404 043 Spin wave dispersion INS 
structure of cobalt in Pdo.5Feo.5 
F. Frey, H. Jagodzinski, W.G . Stirling, K. Ziebeck, 
W. Prandl (Miinchen) P. Radhakrishna 11 .L.L.) 

04 03 020R Temperature dependence of INS 04 04050 Magnetic in MnSi IN2 
phonon excitations in the Y. Ishikawa, 
fast-ion conductor SrCl2 M. Kohgi (Tohoku) 
M.H. Dickens, W. Hayes (Oxford) D. Bloch (CNRS Grenoble) 
M.T . Hutchings (Harwell) P. Radhakrishna (I.L.L.) 

04 03 023 Lattice dynamics of KCN INS 04 04 051 Dynamic spin correlations of IN3 

J. Daubert (Garching) 2-dimensional Heisenberg AFM : 

K . Knorr (Mainz) Rb2MnCl4 and ICD3ND3)2 

W. Dultz (Regensburg) MnCl4 

R. Currat (I .L.L.) V. Wagner (Wiirzburg 
and I.L.L.) 

0403 025A Soft phonon and central peak in IN2 U. Krey ( Regensburg) 
RbCaF3 N. Lehner (Karlsruhe) 

R , Almairac (1.LL.l 
0405 005A Ouasielastic neutron 1N4 B. Hennion (Saclay) 

J. Nouet, M. Rousseau (Le Mansi scattering from NaOH 

J.G.Smit, H. Dachs (Berlin) 
04 03 030 Anisotropic exchange and orbital IN1 R. Lechner (I.L.L.) 

effects in K CoF3 via the dispersion 
of high energy longitudinal excitons 0405013 Ouasielastic scattering IN5 

G. Parisot (ILL.) from aAgl 

M.T. Hutchings, G. Eckold, K . Funke (Gottingenl 
N S . Satya-Murthy, R.E. Lechner (I.L.L.l 
W.J.L. Buyers (Harwell) 

COLLEGE 5 
04 03 041 Investigation of the magnetic IN3 

excitation spectrum of nearly 05 01 006R The crystal structure of a 1 Tc DB 
1D AF CsLnBr3 and CsCoCl3 chlorite 

R . Weber, W. Breitling (Konstanz) W.Joswig (Frankfurt) 
V . Wagner (I .L.L.) 

05 01 015A Etude structurale in situ de D2 
04 04 002A Spin vvaves in finite ferromagnetic IN2 l'oxyde FeI.zO 

chains : an inelastic neutron 
Carel, Gavarri, Grammond, 

scattering investigation of Weigel (Paris) 
CsNiF3 (2% Mg) 
M. Steiner (Berlin) 05 01 064B Sublattice ordering in D2 
B. Dorner (I.L.L.) 13 • -slalons 

04 04023A Investigation of the hyperfine IN10 G.E . Bacon, N . Cowlan (Sheffield) 
splitting in V305 and V407 
by inelastic neutron scattering 05 01 076A Structure of krypton and D1B 

A . Heidemann (I .L.L.) nitrogen layers on graphite 

K . Kosuge (Kyoto) C. Marti, P. Thorel, 
B. Croset (I .L.L.) 

04 04026R Inelastic neutron scattering IN2 
from an ionic ferromagnet 05 01 076 Structure of krypton layers DI8 

M.J . Fair, P. Day (Oxford) on graphite 

M.T . Hutchings (Harwell) C. Marti , P. Thorel, 
B. Croset (I.L.L.) 

04 04 029A Spin waves in Pd3Fe IN1 J .P. Coulomb (Marseille) 

A.J . Smith . 
05 01 078 Huang-scattering from point D10 

R.A . Covvtey (Edinburgh) 
W.G. Stirling (I.L.L.) 

defects in MgO 

H. Peisl, B.v. Guerard, 
N. Stump (Munchen) 
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05 01 079A Investigation of anorthite by D10 05 01 110 H./3-alumina D1A 
elastic and inelastic neutron B.C. Tofield, 
scattering {diffuseness) A.J . Jacobson (Harwell) 

H. Jagodzinski, W. Prandl, 
0502 092A Magnetic properties of manganese 01B,D2 F. Frey (Munchenl 

perovskite . Studies at high 

05 01 0798 Investigation of anorthite 010 temperature 

(CaAl2Si20a) by neutron 0 . Fruchart (CNRS Grenoble) 
scattering (structure determination) P. L'Herltier (1.N.P. Grenoble) 

H.Jagodzinski, K. Kalus (Munchenl 
05 02 094A SDW in Cr-Pd D2 

05 01 080A The phase transformation D7 K . Ziebeck, R. Chagnon (1.L .L .) 
in K2SnCCl5 J.G. Booth (Salford) 

H. Jagodzinski, W. Prandl, 
05 02 099 Helical antiferromagnetism D1A H. Boysen (Milnchenl 

in Ni2(MnxAl2-xl 
05 01 OBOB The phase transformation 01A 

P .J. Webster, 
in Ki$nCl5 R.M. Mankikar (Salford) 
H . Jagodzinski, W. Prandl, 
H. Boysen (Munchen) 05 02104 Study of the antiferromagnetic 02 

metallic phase in the NiS2.xSex 
05 01 087 Investigation of the ordering 016 mixed compounds with pyrite 

mechanism of intermediate structure 
plagioclase feldspars in the course G. Krill, F. Gautier (Strasbourg) 
of the annealing process 

W. Joswig, M . Korekawa (Frankfurt) 05 02 113 Laue method under magnetic field 013, S20 
for simultaneous obseniations 

05 01 093A Intercalation velocities in D18 J.C. Marmeggi (CNRS Grenoble) 
chalcogenides 

C. Riekel (I.L.L.l 05 03 003A Study of the variation with D10 
R. Schoellhorn (Munster) temperature of crystal and 

molecular structure of some organic 
05 01 094 Two dimensional structure D18 semiconductors : the charge transfer 
05 01 094A of adsorbed layers on lamellar complexes of TCNQ 

halides (tetracyanoquinodimethane) 

F . Millot, Y. larher (Saclay) J. Gaultier (Bordeaux) 
B . Croset, P. Thorel, P. Delhaes (CNRS Bordeaux) 
C. Marti (I.L.L .) A . Filhol, C. Zeyen (I.L .L.) 

05 01 096 Precise neutron diffraction D9, D10 05 03 011 [C5H5Fe(C0)2)2 09 
study of BaTi03 016 A. Mitschler, B. Rees (Strasbourg) 
R. Schollmayer, 
K .F . Fischer (Saarbrucken) 0504001 Spin density in ferromagnetic 03 

chromium bromide 
05 01 103 Etude cristallographique de D1A P. Radhakrishna (1.l.L .) 

l'oxyde Pb3 04 entre 240 et 5 K 

Weigel, Gavarri (Paris) 05 04 012 Piezo-magnetic effects and spin 03 
density in CoF2 

0501 104 Neutron diffraction topographic 010 P. Radhakrishna (I .L .L.) 
observation of Cu-decorated 
dislocations and twin-boundaries 

05 04021 Polarization analysis of Na02 05 
in Si single crystals 

H . Tomimitsu (Japan) 
W. Kaenzig, M . Ziegler (Zurich) 
H.G . Smith (Oak Ridge) 

C. Zeyen ( I .L.L.) P. Fischer (Wi.irenlingen) 

05 01 105 Study of the A-:::;H and D18 
J. Schweizer (1 .L.L.) 

H~X crystalline transitions 05 04 026 Internal metamagnetism in D3 
of the lanthanum sesquioxide 

ThCo5 
P. Aldebert (1.L.L.I D. Givord (I.L.L.) 
J.P. Traverse (Odeillo) J. Laforest, 

0501108 High-pressure powder diffraction 01A 
R. Lemaire (CNRS Grenoble) 

from KD2P04 and KH2P04 05 04 031 An investigation into the use D5 
N .S.J. Kennedy, of standards in polarization analysis 
R.J. Nelmes (Edinburgh) experiments and measurements of 

multiple scattering vanadium 

F.F. Freeman, B.H. Meardon, 
W.G. Williams (Rutherford) 
J .C. Dore (Kentl 
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05 04 032 Covalency in K2ReCl5 03 517 29 The spin•flop transition in 010 

F.A . Wedgwood (Harwell) CsMnCl3 .2020 in skew magnetic 
fields, and the effect of a magnetic J.B . Forsyth (Rutherford) 
field on the one-dimensional order 

05 05 015 Investigations on S·H .... S 08 J. Herrmann, W. Prandl (Munchenl 
hydrogen bridges : Oi(p-
chlorophenyl) dithiophosphinic 5 23 138 Satellites in MnSi and FeGe 011A 
acid C. Wilkinson (London) 
B. Krebs, G. Henkel (Bielefeld) J.B. Forsyth (Rutherford) 
SA. Mason (I.L.L.) M. Roth (I.L.L.) 

D. Bloch (CNRS Grenoble) 
05 05 016 The high pressure structure 01A 

of naphthalene 05 23 768 Study ot the Mx, (UX2ln 018 

G.A. Mackenzie, system (X = S, Se, M = 3d metal) 

G.S. Pawley (Edinburgh) P. Wolters (I.L.L. and 
CNRS Grenoble) 

05 05 018 Crystal structure of 09 H. Fillion (CNRS Grenoble) 
(C3H7NH3)2MnCl4 at low 
temperatures with special 5 24 238 Ammonia-d3 on graphon D1A 
respect to hydrogen positions A.K . Thomas, 
J. Felsche, W. Depmeier (Konstanzl T .D . TreVll8rn (Oxford) 

J.W. White (I.L.L .) 

511 1 R Localisation des fluors en exc:es 09 COLLEGE 6 
dans la solution solide A structure 
fluorine NaYF4-YF3. Etude de la 06 01 0098 Molecular motions in IN5, IN10 
composition NaYF4- 30% YF3 liquid crystals 
soit Nao,412Yo,588F2,176 

A.J . Leadbetter, R.M. Richardson, 
L. Pontonnier {CNAS Grenoble) D.H. Bonsor, J.C. Frost (Exeter) 

611 1 A Localisation des fluors dans la 
C. Carlile (I .L.L. and Rutherford) 

09 
solution solide NaYF4-YF3 06 01 023 Neutron quasi-elastic scattering IN5 
ii structure fluorine. (Etude de study of rotational motions in 
la composition NaYF4 , 15% YF3) the smectic C, H and VI phases 
L. Pontonnier (CNRS Grenoble) of terephtal -bis-butyl-a niline 

(TB8A) 

514 39 Electron density studies in D8 F. Volino (I .L.L . and Montpellierl 
cal.cium formate Ca (HCOOl2 A.J. Dianoux (1.L.L.) 
H. Fuess (Frankfurt) H. Hervet (Paris) 
N. Burger (I.L.L. and Frankfurt) 

06 01 023 Self-diffusion and undulation INlO 
51614A Study of a phase transition in 010 modes in a smectic A liquid crystal . 

N-N itrodimethylamine A high•resolution neutron=attering 

Lascombe, Rey Laffont (Bordeaux) 
study . 

A. Filhol (1.L.L.) A.J. Oianoux, 
A. Heidemann (1.L.L.) 

616 24 Neutron diffraction from D16 H. Hervet (Parisi 
hydrated clay minerals and F . Volino (I.L.L. and Montpellier) 
graphitic oxide 

D.J. Cebula, R.H . Ottewill, 
06 01 032 Phonons dans l'adamantane-d15 IN2 

R. K. Thomas (Oxford) J.D. Damien, A. Fouret, 
J .W. White ( I .L .L.) J . Lefebvre ( Lille) 

516 24 Neutron diffraction from D16,D11 06 02 010D Inelastic scattering from IN5 
clay/water systems 3He.4He mixtures 

D.J . Cebula, R. H. Ottewill, A .A. Cowley, 
A .K . Thomas (Oxford) P.A. Hilton (Edinburgh) 
J.W. White (1.L.L.I W.G. Stirling, A . Scherm 11.l.L.) 

516 24 Neutron diffraction from D11 06 02 015A Optic modes in a molten salt IN1 
hydrated clay minerals G. Dolling (Chalk River! 
D.J . Cebula, R.H . Ottewill , J .R.0 . Copley (I.L.L.) 
R. K . Thomas (Oxford) 
J.W. White (1.L.l.) 06 02 016R Low momentum transfer excitations INS 

in superfluid helium 

J .A.D . Copley, W.G. Stirling, 
A. Ghosh, J .S. Higgins (1.L.l.) 
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06 02 031 Surface effects on neutron IN3 06 03072 Pressure dependence studies of D2 
scattering in He4 films aqueous solutions 

J. Joffrin, B. Lambert, J.E. Enderby, A.A. Howe, 
D . Salin (Paris) G.W. Neilson (Leicester) 

I. Page (Harwell) 
06 03 006C Structural analysis of D4 

molten CuCI at 500°C 06 03075A Scattering law for vitreous IN1 

W. Knoll, P. Chieux. (l.l.L.) 
silica at high a values 

S. Eisenberg, J.F. Jal, R.N. Sinclair (Harwell) 
J. Dupuy (Lyon) A.C. Wright (Reading) 

06 03 007C Concentration fluctuations in D4 COLLEGE 7 
liquid Li-Na alloys 

H. Ruppersberg (Saarbriic ken) 
07 01 026A Origin of the coercivity in the D11 

Ce (Co , Cu)5 intermetallic 

06 03 013A Structure of liquid binary alloys D11A 
compounds, spherical crystal 

with segregation tendency in the 
study 

system Al-Sn B. Labulle, C. Petipas ( Rouen) 

S. Steeb (Stuttgart) 
J. Laforest (CNRS Grenoble) 
A. Lemaire (Grenoble) 

W. Knoll (I.L.L.) M. Roth (I.L.L .) 

06 03 16E Aqueous solutions D4 07 01 0288 Magnetic diffuse scattering 011 

J. Enderby, A . Howe, from Co-Ga and related alloys 

G.W. Neilson, A .K . Soper, J.G. Booth, A. Cywinski, 
S. Cummings (Leicester) J .G. Prince (Salford) 

06 0318C The structure factor for 04 07 01 036A Freezing of spins in binary INS 
liquid bromine alloys 

J.C. Dore, G.W. Stanton (Kent) A.P. Murani (I .L.L.) 
J.L. Tholence (CNRS Grenoble) 

06 03 23 Neutron scattering study of INS 
methyl group rotation in solid 07 01 037A Magnetic diffuse scattering in 011 
para-azoxianisole (PAA) Au-Fe alloys 

H . Hervet (Paris) A.P. Murani (I .L.L.) 
A.J . Oianoux, R.E. Lechner, B .A. Coles ( London) 
F . Volino (I.L.L.) 

07 01 038A Critical magnetic scattering on D11A 
06 03036 Structural study of the 011 a system with continuously 

nonmetal to metal transition variable magnetic anisotropy 
of K in molten KBr by small K . Stierstadt, F. Soeffge (Miinchen) 
angle scattering 

J.F. Jal, J . Dupuy (Lyon) 07 01 040 Magnetic excitations in IN1 
P. Chieux (I .L.L.) FePt3 

06 03042A Structure factor of 04 
D. Bloch (CNRS Grenoble) 
P. Radhakrishna (I .L .L.) 

acetonitrile M . Kohgi, Y . Ishikawa (Japan) 
M . Zeidler, 
H. Bertagnolli (Karlsruhe) 07 01 043 Freezing of spins in Pd-Mn alloys 011 

06 03058 Neutron scattering in molten D11A 
A.P. Murani (I .L.L.) 

Au -Co alloys at small momentum 07 01 045 Relaxation rates in kondo systems D7 
transfer 

S. Steeb (Stuttgart) 
M. Loewenhaupt (Jiilich) 

W. Knoll (I.L.L.) 
F. Steglich (Kain) 

06 03060A Fe-C melts 04 
07 01 051 Ordering in (La203l1-x(Ce02lx D7 

solid solutions 
S. Steeb, M . Weber (Stuttgart) C. Bouysset, G. 8acquet (Toulouse) 

06 03066A Critical opalescence at D11A 07 02 0038 CF in Van Vleck paramagnets IN4 
short wavelengths 

PrX3 
J .L. Rivail (Nancy) 

K . Knorr (Mainz) 

0603071 Structure factor of I iquid D4 
A.P. Murani (1.L.L.l 

chloroform 0702011A Kondo side bands in IN4 
P. Chieux (I .L.L.l CeAl3 and related pseudo-binaries 
0 . Leicht, M .O . Zeidler (Karlsruhe) 

K . Knorr (Mainz) 
A.P . Murani (I.L.L.) 
K.H.J. Buschow (Eindhoven) 
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07 02 018 Investigation of crystal field IN4 07 04 002A Electric field gradient S6 
07 02 018A effects in cerium deuterides determination in KZnF3 

R. Vorderwisch , H. Dachs (Berlin I H. Ackermann, K . Doerr, 
S. Hautecler (Moll D . Dubbers, F. Fujara, M. Grupp, 

P. Heitjans, A . Koerblein, 
07 02 025 Valence instability in IN4 H.J. Stoeckmann (Heidelberg 

Ce1 -x Thx· alloys and I.L.L.) 

8.E .F. Fender (Oxford) 
K .P. Wanczek (Bremen) 

K. Knorr (Mainz} K. Recker, R. Leckebusch (Bonn} 

07 03 009B Magnetic small angle scattering 011A 
07 05004C Low frequency magnons in IN3 

on dislocations in Fe-single-crystals Ni1 -xCoxO 

A. Seeger, R. Geick, C.R. Becker (Wurzburg) 

H. Kronmueller (Stuttgart) V . Wagner (I.L.L.) 

G. Goeltz (I .L.L.) 
07 05 016 Diffuse scattering in 07 

07 03 011 Study of fast neutron irradiated 011A Co2 (TiAll2 

07 03 042 gallium arsenide P.J. Webster, 

E.W.J. Mitchell, R.J. Stewart, R.M . Mankikar (Salford) 

S. Gupta ( Reading) K.R.A. Ziebeck (I.L.L .) 

07 03 025 Local strain associated with 011A 07 05017 Spinflip scattering at IN10 

impurities in silicon uranium hydride 

E.W.J. Mitchell, R.J. Stewart, G. Gmal , A. Steyerl (Garchingl 

R. Beddoe (Reading) 
07 05 018 Magnetic excitations in IN2 

07 03 033 Decomposition of AISi 011A Pr-Y single crystals 

G. Kostorz (I.L.L.) K.A. McE~n (Salford) 

07 03 039 Composition inhomogenities 011A 07 05 019 Hyperfine interaction IN10 

in <X-phase Cu -Al alloys in V307 

J.E. Epperson, C. Ruano, K. Kosuge (Japan} 

F. Fuernrohr (Stuttgart) A. Heidemann (1.L.L.l 

G. Kostorz (I .L.L.I 
07 06 001A Energy levels of hydrogen IN1 

07 03 040A Investigation of the formation D11A 07 06 009 in niobium 
of voids in quenched and G. Alefeld, N . Stump, 
annealed (3 '-N iAI A. Magerl (Garching) 
J.E. Epperson, D . Berner, 
C. Ruano (Stuttgart) 07 06 0108 Stability curve for phase O11A 
G. Kostorz ( I .L.L.) separation of D in Nb and Ta 

G. Alefeld, W. Muenzing, 
07 03 047 Temperature dependence of 01 lA N. Stump (Garchingl 

precipitation in Ni based 
super-alloys 07 06 019A Phonon dispersion curves IN3 
G. Kostorz (I .L .L.) of TaDx and TaHx 
R. Miller (Harwell) G. Alefeld, N.Stump, 
R .J . Stewart, A. Magerl (Garching) 
S. Messoloras ( Reading} 

07 06 020A Hindered diffusion of IN10 
07 04 002A (3--ray detection of multiple NMR S6 hydrogen in niobium with 

transitions of Su in LiTa03 single nitrogen impurities 
crystals and powders 

D. Richter, T . Springer (Jiilich) 
H. Ackermann, K . Doerr, 
D. Dubbers, F. Fujara, M. Grupp, 07 06 021 Investigation of the anomalous IN10 
P. Heitjans, A . Koerblein, temperature dependence of the 
H.J . Stoeckmann (Heidelberg self-diffusion constant of hydrogen 
and I.L.L.) in niobium by quasielastlc neutron 

scattering . 
0704 002A Spin-latt ice relaxation S6 

D. Richter, B. Alefeld (Jiilich) of Su in liquid 7u 
A. Heidemann (I .L .L.) 

H. Ackermann, K . Doerr, N. Wakabayashi (Oak Ridge) 
D. Dubbers, F . Fujara , H. Grupp, 
M. Grupp, P. Heitjans, A . Koerblein , 07 06 023 Debye-Waller factor for IN7 
H.J . Stoeckmann (Heidelberg hydrogen in single crystals of 
and 1.L.L.) palladium 

D.K. Ross, 
I.S. Anderson (Birmingham) 
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07 06 028 Optic phonons in IN1 0802 030 A study of the 305-1 F3 D11 

~bDo.75 complex 

V. Lottner, T. Springer (Jiilich) B. Jacrot (I.L.L.) 
P. Beaudry, M . Petersen. 

07 06 030 Local mode frequencies of IN1 M . Grunberg-Manago (Paris) 
Din Ta 

G. Alefeld, N. Stump, 0802035 Chromatin subunit small angle D11A 

A. Magerl (Garching) neutron scattering : a DNA rich coil 
surrounds a protein-DNA core 

0706 033 H-{3--alumina INS P. Baudy, S. Bram, D . Vastel, 

B.C. Tofield, 
J. Le pault, A. Kitzis (Paris) 

A.J. Jacobson (Harwell) 
C.J . Carlile (Rutherford 

0802 038 Study of tRNA-tRNA synthetax D11 
and I.L.L.) 

complex formation 

0706 034 Optical phonons in intermetallic IN4 J.P. Ebel (Strasbourg) 
hydrides Blaquet, Dessen (Paris) 

D.K. Ross, I.A . Harris, 
B. Jacrot, G. Zaccai (I.L.L.) 

S. Irvine (Birmingham) 
08 02 038 Investigation on tRNA's Dl 1 

07 06 035 Interaction energies of D7 
aminoacyl -tRNA synthetases and 

deuterium in niobium 
their complex 

G. Bauer, W. Schmatz (Jiilich) 
J.P. Ebel. R. Giege. 
J .C. Thierry (Strasbourg) 

W. Muenzing (Miinchenl G. Zaccai, B . Jacrot (I .L.L.) 

07 06 036 Self~iffusion in Na IN10 08 02 041 Permeability of A-prehead Dl 1 
A. Seeger, H . Mehrer (Stuttgart) to water 
G. Goeltz, A . Heidemann (I.L.L.) J. Haas, B. Jacrot ( I .L .L.) 

07 06 040 Localized mode frequencies in INl 
T . Hohn, B. Hohn, 
P. Kuntzee (Basel) 

o:-TaHo.os 

V . Lottner, A . Heim, 08030020 Neutron scattering studies Dl 1 

T . Springer (Julich) of chromat in 

E.M. Bradbury, J.P. Baldwin, 
COLLEGE 8 B.G. Carpenter (Portsmouth) 

08 01 010 Structure of lysozyme D8 08 03 003C Small angle equatorial neutron D11 

08 01 010A scattering from collagen fibres 

E. Duee, H . Fuess, S. Mason, A. Miller, D.J.S. Hulmes, 
A.C. Nunes (I .L.L.) S.W. White (E.M .B.L. Grenoble) 
L. Power (Australia) P. Timmins (I.L.L.) 

08 02 003B Chromatin solution scattering D11 08 03 005B The structure of spherical virus D11 

S. Bram, P. Baudy. D. Vastel (Paris) by neutron small angle scattering 

J. Witz (Strasbourg) 
08 02 014A Neutron low angle scattering on Dl 1 C. Chauvin (CENG and I.L.L.) 

bacteriophage PM2 B. Jacrot (I.L.L.l 

R.M . Franklin, D. Schneider, 
08 03 010 Calcified turkey tendon Dl 1 M. Zulauf (Basel) 

K. lbel (I .L .L.) S.W. White, A. Miller, 
D.J.S. (E .M.B.L. Grenoble) 

08 02 023 Conformation of ribosomes Dl 1 P. Timmins (I.L.L.) 

H. Stuhrmann, M.H.J. Koch (Mainz) 
R.R . Crichton, 08 03 014 The structure of the corneal D11 

R. Parfait ( Louvain -la-Neuve) stroma 

G.F . Elliott, A .E. Woolgar, 
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