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REPORT. 

The lnstitut Laue-Langevin (ILL) is an international research centre using 

neutrons to probe the microscopic structure and dynamics of a broad 

range of materials from the molecular, atomic and nuclear point of view. 

The ILL is directed by three founding countries - France, Germany 

and the United Kingdom - whose grants to the lnstitut's budget of 

approximately 60 million € per year are enhanced by Scientific Mem­

bership contributions from Austria, the Czech Republic, Italy, Russia, 

Spain and Switzerland. 

The ILL was founded to provide scientific communities in its member 

countries with a unique flow of neutrons and a matching suite of 

experimental facilities (some 40 instruments) for use in fields as 

varied as solid-state physics, materials science, chemistry, the bio­

sciences and the earth sciences as well as nuclear physics and engi­

neering. The lnstitut has ever since been an exceptional centre of excel-

lence and a fine example of successful co-

0 
ILflll~P~. '\/~~,1~1/1 '\{ /' P J/\J.... -p 

operation in Europe. It operates the most ~ r l \./f\ r 1a ~ 1· f Y V 
intense neutron source in the world. Over 

2 ooo visiting scientists, performing a total 

of 750 experiments per year, bear witness and d .Cne:, e:,xamp{e:, 
to the scientific success of the facility. ] 1 
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Direct 

Mme Claudie I laignere with Christian Vcttier. 

Mr Ben Lahcen . "Proviseur" or Lhe Inter­
nationa l Schoo l of Grenoble. with Colin 
Carlile and Christian Vetlicr during his 
vis it in November. 

Witness change in the rcartor clivision 

On Wednesday, 4 December aL the French 
Ministry of research in Paris, the Fourth Pro­
tocol or Lhe lnLergovernmenLal Convention 
was signed by Mme Claudie Haignerc. Minis­
ter for Research and ew Technologies (cen­
tre). Mr. FriLjofvon ordenskji:ild. the German 
Ambassaclon Lo France (left). and Sir John 
Holmes, Lh e British mbassador Lo France 
(right). The Protocol prolongs the duration or 
the ConvenLion and related subsequent agree­
ments to Lile ar 2014, thus guaranteeing 
continuity in the nelcl of fundamental and 
applied research wiLh neutrons aL the ILL. 
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Werner Press discussing with Teel Forgan 
(left. Un ivers ity or Birmingham). Chair­
man of the ILL Scientifi c Council as from 
2003. 

A long page or ILL's history turns over: !.;kkeharclt Bauer - I lead of the Reactor Division - lrll 
the Institute after 27 years. Our new Head of the Reactor Division. Hervc Guyon (inset). arri­
ved at the ILL on I I October. after having been lleacl of' the Orphce reactor in Sac lay . 
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n air of renewal pervades the lnstitut on all levels. This pro­

cess started with the setting in place of the Millennium Pro­
gmmme in the year 2000 but its origins can perhaps even be 

traced back to the rebuild of the reactor which was completed in 1994. 

The year has been dominated by the ten-yearly review of We, df the, i l-l­
surete of the ILL's installations in parallel with a review of our 

vulnerability to external aggression. The pushing up the poli- dVC,, G--OMM 11f eJ 
:~;!:::·:;.::.:-::::·~:::~;,:::.:;·;;:;;:;;; to the- e-onc,,ep1 
-in New York and Toulouse. Surete is a French word which- f ,/\ i..1 

like bricolage orterroir-has no proper equivalent in the Eng- 0 '> VVV e, 
Lish language but which expresses the idea of safety, security and 
reliability in a single word and is a quality which the man in the street 

quite co"ectly expects the ILL to possess. We at the ILL are committed 
to the concept of sOrete. but not only the concept. Concepts must be 

translated into visible and operational reality and that is what has resul-
ted from the 2002 surete review, known colloquially as the Groupe Per-

manent Following the many interactions with the Groupe Permanent. 

the ILL has committed itself to a refit programme which will protect 
the installations of the lnstitut from aggression either of a natural 
kind such as posed by earthquakes or of a pre-meditated nature. This 

refit renewal programme involves the fabric of the reactor building itself, 
the possibility that the buildings adjacent to the reador shell - the expe-

rimental halls and the offices - could threaten the integrity of the 
shell itself as well as matters related to redundant control circuitry and 

treatment of the by-products of running a research reactor. This work 
programme has been costed at 20 M€ and will be implemented to a 

strict 3-year schedule terminating in early 2006. In order to incorpo-

rate this large programme of work into the ILL's already busy life. it has 
been necessary to reduce operations to 3 cycles per year- 150 days in· 
stead of the 200 to 225 days normally expected. The ILL has. however, 

pledged itself to protect both the scientific output of the lnstitut and 

We, dve, uarY1M11fed 
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the Millennium Programme of instrument and infra­

strudure renewal. We are committed to delivering 

Bo% of the beam-days to our 9 Scientific Partner 
nations which we have delivered in recent years. 

Our 3 Associate nations are fully supportive of this 
initiative which safeguards the ILL for scientific 

research for the foreseeable future. and have under­
taken to top up by 9 M€ the 11 M€ savings from 
the ILL's budget to fund the refit programme. 



In parallel, the ILL's scientific life hos progressed apace. fvfvvc- dvCdM~ 
Two examples spring to mind - the detection of quantised f J _ I 
states of the neutron in the gravitational field of the earth, ciVC- 0 VV\ C.O OV\ 
and real time studies on the millisecond frame of chemi- f {'f' 
col synthesis kinetics. Many more examples ore cited in pve:..t;e:¥1 VCd I 1e:J; 
this document where the depth and increasing breadth of oLr scien-

tific output is evident. Our scientists ore increasingly playing their port 

in defining the future directions for neutrons whether it be as repre-

sentatives in notional societies or on the European stage. They hove 

a lot to contribute to this debate and we encourage them to do so. 

The Moy meeting in Bonn to present the European Spoliation Source 

to a waiting world was attended by, quite literally, a bus-load of ILL 

scientists. None of the European notions, apart from the host country, 

hod a larger delegation than that from the ILL. The meeting was a great 

success for neutrons and we congratulate the organisers. Future 

dreams, however, ore founded on present realities and the delibera­

tions of the European Strategy Forum on Research Infrastructures 

11: P •, I I G,,, ':\V\V\Of Lp. indicate, even using favourable conditions for new 
I r I\./ ~ OI ll\./ sources, that barring unforeseen events, the ILL cannot 

ov' eYf dk..e.n i Vl h I be overtaken in high quality scientific output until the 
second half of the next decode - 2015 at the earliest. 
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Which is why we are vigorously pursuing the mutual 

0 VV\ I 20 5 benefits which partnerships will bring to the ILL- as 

cif the- (A)V(re:,t;f Christion Vettier says "more than simply neutrons". 

We hove signed the agreement between ESRF, EMBL, 
185 and ILL to launch a Partnership for Structural Biology-building 

work begins shortly, we hove formally opened the Facility for Mote-

rials Engineering FAME 38 between ESRF and ILL, and we 

have signed the EIROforum charter- a linking together 

of the resources of CERN, EMBL, ESA, ESO, ESRF, JET and 

ILL to lobby for the support of basic sciences - in the pre­

sence of M. Busquin the European Research Commissio­

ner at the FP6 launch in Brussels. 

Finally, as a Christmas present for ILL staff and users, in 

Paris on 41h December the continuation of the ILL 's Inter-

The- U>vttivtvdtiovt 
of the- i~, ~ 
i vtf e.vYldftovtdf 
(,Ovtve:¥1tiovt vnti( 
31~t Pe:u. 2013 

notional Convention until 31st December 2013 was signed by Mme 

Claudie Hoignere, ostronautess and French Research Minister. Could 

this event, symbolic in many ways, possibly be surpassed by any­

thing? Well, yes ... and that was the winning of the Atomiodes Win­

ter Olympics bya team of fifty ILL staff and family members against 

the might of 25 other European scientific centres. 



I 

European Conference ESS in Bonn 

Tl1 r 1,:urnpean Spalla Lion Source projccL was prr.senLe cl LO Llw 

pul11ic ancl Lo po liticians in Bonn on I 5- 17 May. 

Al1o uL 50 people from Lll r ILL attcnc!ec! Lile mcl'Ling. pc1rli ­

cipaling wiLll oral presentations ancl contributing LO 51 

posLers. 

Walling l'or Lh e bus 

The signing of the EIROforum Charter 
(Brussels, 11-13 November) 

EIROforum charl wilh 1lr Philippe Bou quin. Lhc European Re carch 
Commi . ioner. 

Christian Vclticr. du­
ring his plenary Lall,. 
"F/11ct11aLions in so­
liclt.;,· U1c global view". 

Wc•rn cr Press. I l clmul Schobcr and Th omas I lanscn al Lhc 1-'r!'nch 
'k ulron Sca l lcring Society me<·I ing. 

Tlw srvrn members or Llw EIROforum organi.•c1tion (www.r i­

roforum .org) - Cl•: R . l•:~IBL. ES/\. ,~so. l•:SRF. ILL and J!,;T 

- sea led L11cir partnership on 12 o,·cmlJer with the formal 

signing or a common l•:IROforum Charter. 

Thi s rvcnt took place during tile ·multiplr dimension· E -con­

f(•ren c(' on "European Re -earcl1 200 2 - Til e l•: uropt'a n 

Research Area ancl til e Framework Programme 6". llC'lcl in 

Bru ·se l • between I I and 13 ovcmlJcr. 

Va len csvizhevskv and Prof. l\'la rco Fon-
La na (I ni1 cr·sil y of ·Parm a) in a hcm') dis- The South-African Research f\ li11isu·r (right ) 

l•:drl~ l.clic1 r'C-Berna. C:iovanna Cirognani 
anll Giovanni Bruno: \ rose bC' I\H'<'n L11 0 
I horns. cuss ion ahoul Grm il~. 1 isiling Lhc II.I. slancl. 



We are the Champions! 
ILL wins the 2002 Winter Atomiades (Feldberg, 3-9 March) 

Thr 8"' Winter J\Lomiatlcs 2002 LOok placr 

in l•'elcll){' rg (Germany) . The ILL team of 

our 50 proplc clid us proud by ca rrying 

off Lile over al I Best Team Troph y. 

ThiCl'l'Y Marti nel in 
full !low. 

Jec1n-lvlariC' I 'emllo. Lhe winner or L11 e cross­
counli) competition. 

Th e three ILL Le;.i ms in the cross-country ski relay. 

Th e Isaac NcwLOn or lhc new mil lennium? 

Fete de la Science 

The I I ''' ann ivrrsa1·y or ·1.a FeLr de la 

Science·. the France-wide sc ience fes ti ­

va l. was held this yea r l'rom the 16 to 20 

Oc LOber. The ILL.:s stand included demons­

trati on s on Llir effect of Lile graviLalional 

ro rcc. animatccl presentat ions for L11e 

Ala in F'ilhol explaining the principles or neulmn clcLcclion Lo a group 

youngest visitors and posters highlighting 

L11 e ILL ac ti vities and its way or opera­

ti ng. People Fmm Lhe ILL who manned Lhe 

sland were able to explain in a Fr iendly 

con Lext Lile contri butions being made by 

L11 c ILL Lo science and research. 

or young visiLors. waLchrul eye or Roland Gahl er. 

' 



orma lly, the ILL is a non profit­

making French company under civil 

law, which is governed by an Internatio­

nal Convention signecl at Foreign Minis­

try level by three countries - Prance, Ger­

many and the United Kingdom. Our Asso­

ciates - the CNRS and the CEA represen­

ting Prance. the F'Z JUlich representing 

Germany and the EPSRC representing 

the United Kingdom - own ancl admini s­

ter the lnstituL. They are also responsi­

ble for all liabilities and eventual decom­

missioning costs. With the signing of the 

Fourth Avenant of the ILL Intergovern­

mental Convention on 4 December 2002, 

the I Ll.;s life has been formally extended 

until at least 31 December 2013. 

Although the ILL is an international 

organisation. its staff are not paid tax­

free salaries. but instead they are enve­

loped within the French tax. employ­

ment and social security systems wh ich 

has marked advantages but also marked 

disadvantages from whichever point of 

view you look at it. The lnstitut is ans­

werable to French legal bodies and to 

French security authorities. We exist 

and operate within the French "loi de tra­

va il ". Our staff representative bodies 

are those laid down by French law and 

are a significa nt presence in the ILL's 

daily life. We have strong links to the Mai­

rie of Grenoble ancl surrounding commu­

nities, to the Prefecture or the I sere and 

to the Council of the Rhone-Alpes Region . 

Th~ il-l- d{~o 
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What is the ILL ? 

Whilst our Associates own the facility and 

contribute the largest amount to the 

more than 60 M€ annual operating costs, 

the ILL also benefits from the scientific 

partnerships of six other nations -Aus­

tria, the Czech Republic, Italy, Spain. 

Switzerland and Russia - who together 

contribute -15% of the operational costs 

of the lnstituL. All nine partner countries 

in addition can and do contribute to capi­

tal projects at the lnstitut, within the 

the Management Board of the lnstitut 

and are respons ible for its day-Lo-day 

operation. 

The sc ientific life of the lnstitut is gui­

ded by the Science Policy Board, with 

input from the ILL's nine scientific co l­

leges. A Scientific Council , comprising 

17 external scientists from the member 

cou ntries, advises the Directors on 

sc ientific direc tions for the lnstitut, on 

lnstitut·s priorities but according to their the evolution of the instrument suite Lo 

own priorities also. best meet the needs of the programme, 

Ovv 1ntcvdvf1on~ with ovv v~cv 
G-OrYlrYlvvti\hdV'e- ken cnhmud ivi 

~~nt::! ~e S~::::_ ~<:;":,s,ess the scientific output of the 

mittee wh ich meets twice-yearly and is 

made up of representatives of the Asso­

ciates and the Scien tific Partners toge­

ther with Directors and Staff Repre­

sentatives. Within the framework of the 

International Convention, the Steering 

Committee has the ultimate responsi­

bility for determining operational and 

investment strategies for the lnstitut. 

Th e lnstitut has a Direc tor and two 

Assoc iate Directors, one from each of 

the Associate countries , appointed on 

short-term con tracts norma lly of 5 

years . The Director·s role is in genera l 

taken alternately by the German and 

Briti sh appointee. Tl1e two Assoc iate 

Directors are also responsible respecti­

ve ly for L11 e Science Division and the 

Pro jects and Tech niques Division. The 

Head of the Ad ministration Division is 

also appointed on a short-term con­

tract. whereas the 1-l eacl of the Reactor 

Division is a permanent ILL employee. 

These five people together constitute 

lnstitut. It is helped in this process by 

the Instrument Sub-Committee and by 

the Chairmen of the 8 Scientific Sub­

Committees which twice-yearly peer 

review the experim ent proposals. 

Our community of users is world-wide 

but scientists from non-partner nations 

have access only by co llaboration with 

colleagues from partner nations. This 

use enriches the scientific life of the 

lnstitut but has been increasing of late 

thanks to the improved instrum enta­

tion . Prom 2003 onwards, this non-part­

ner use is limited to 10%. Our interacti­

ons with our user community have been 

enhanced in the past three years in 

order to be better informed of their needs 

and to be more responsive to emerging 

demands. The Millennium Symposium in 

April 2001 was a major event in this pro­

cess, but our informal series of User 

Forums at which resea rchers on site 

on a given day are invited to a meeting 

will1 Directors and ILL group leaders 



Why Neutrons ? 
Neutron beams have the power, when directed at samples of materi ­

als, to probe what is invisible using other radiations. Neutrons can 

appear to behave either as particles or as waves or as microscopic 

magnetic dipoles. Their specific properties enable them to reveal infor­

mat ion which is often impossible to access using other techn iques. 

Electrically Neutral - neutrons are non-destructive and can penetrate 

deep into matter making them an ideal probe for biological mate rials 

and samples under extreme cond itions. 

Microscopically Magnetic - they possess a magnetic dipole moment 

wh ich makes them sensitive to magnetic fields generated by unpaired 

electrons. Precise details of the magnetic behaviour of materials at the 

atomic level can be investigated. In addition, the nuclear scattering ampli­

tude (of the neutrons) depends on the orientation of their spin offering 

a way to detect the nuclear spin order. 

Wavelengths of Angstroms - their wavelengths range from 0.1 A to 

1000 A making them an ideal probe of atomic and molecular structu­

res ranging from single atomic species to complex biopolymers. 

Energies of millielectronvolts - their energies are of the same magni­

tude as the energies of diffusive motions in solids and liquids, the 

coherent waves in single crystals (phonons and magnons) and the 

vibrational modes in molecules. An energy exchange between the inco­

ming neutron and the sample of between 1µeV (even 1 neV with spin­

echo) and 1eV can readily be detected. 

Randomly sensitive - the variation of scattering power from nucleus to 

nucleus in a sample can vary in a quasi-random manner. This means that 

light atoms are visible in the presence of heavy atoms and neighbouring 

atoms can be distinguished. In addition, isotopic substitution (for exam­

ple D for H, or one nickel isotope for another) can allow contrast to be varied 

in certain samples. The neutron is particularly sensitive to hydrogen atoms. 

have also been important. We are trans­

forming our interactions to electronic 

means - proposals are now 100% elect­

ronic as are feedback forms. Much of our 

communication with users is now elect­

ronic although the Annual Report will 

remain in printed form for some time yet. 

The ILL is compos of four Divisions. 

each with its distinct ro .e and, it is 

true to say, its own culture. Efforts 

have be made to bring those cultu­

res closer together whil t recognising 

the need for differences. he Sci ce 

Division staffs the instruments and 

delivers the science; the Projects and 

Techniques Division desiggs and buffds 

new instrument . develops new con-

cepts and maintains beamlines and 

instruments operational; the Reactor 

Division delivers the neutrons, opera­

tes and mans the reactor 24 hours per 

day every day of the year and has 

responsibility for all aspects of secu­

rity; the Administration Division deals 

with Personnel matters particularly 

being res onsible for interactions with 

staff representative bodjes. with Pur­

chasing and with FinanGe and with Site 

Director-' Services aeal with Radiolo­

gical safety, with conventional safety 

and with Health and Working Practices 

- 2002 has seen a significant ng­

Lbe safet 

lnsti ut blch will continue 

The ILL's neutron source is the fin est 

in th e world, being based on a single 

element 58.3 MW nuclear reactor 

designed for high brightness. The main 

moderator is the ambient D20 coolant 

surrounding the co re which delivers 

intense beams of th ermal neutrons to 

11 beam lines and to four neutron gui­

des. A graphite hot source operating 

at 2400 K delivers hot neutrons -

energies up to 1 eV and wavelengths 

down to 0.3 A - to 3 beamlines . A 

ren ewal project will result in the 

installation of a new hot source and 

beam tubes during 2003. 1\vo liquid 

deuterium cold sources at 25 K deli­

ver cold neutrons - energies down to 

200 µev and wavelengths up to 20 A 
- to 1 beamline and 9 neutron gu ides. 

An ultra-cold neutron source fed from 

the top of one of the cold sources deli­

vers neutrons vertically through the 

reactor pool to 5 instruments on the 

operational floor of the reactor. In all 

there are more than 50 measuring 

stations, 25 of which have full public 

access. 

The ILL monitors the papers published 

as a result of the use of our facilities. 

This indicates about 500 papers per 

year. Every third year a more rigorous 

search is done which uncovers a fur­

ther 300 papers. The average number 

of papers published per year is there­

fore - 600. With an annual budget of 

- 60 M€. the cost per paper is around 

100 k€. We pay particular attention to 

papers published in high impact jour­

nals. Data indicate O such papers 

pe~ year whLoh. inter:e.stingly, is equi­

valent to the outpu of ESRF. 

Beam days del1v 

5 753 for 200 

of science 

cost effect 



"Offering more than simply neutrons" (Christian Vettier) 

The Partnership for Structural Biology (PSB} 
Loca tecl close toge th er on the Poly­

gone Sc ientifique in Grenoble, the 

ESRF', the ILL, the EM BL and the IBS, 

are crea ting a structura l biology cen­

tre unique in the world. 

The PSB brings together expertise in 

state-of-the-art molecular biology with 

th e investigatory power of synchro­

tron radiation , neutron scattering and 

nuclear magnetic resonance necessary 

to pursue an integrated European Pro­

gramme in Structural Biology. 

FaME38- the Facility for Materials Engineering ► 
The l'ormal open ing ceremony of F'aME38 (cf. pages 92-93) -

set up join tly by ILlJESRF' - took place on 26 November. 

F'aME38's aim is to provide the extra support required to 

enable englneers to make the best use of neutron and X-ray 

beam facilit ies. 

Mme Fioraso, Adjointe to the Mayor of 
Grenoble, at the PSB Opening Ceremony. 

Colin Carlile (ILL) , Bill Stirling (ESRF) and 
Fotis Kafatos (EMBL) sign the PSB charter. 

From tbe lel't: Peter Webster, Colin Carli le and Michael Harloe -
Vice-Chancellor of Salford University- inaugllrate the FaME38 Lab. 

◄ As part or their strategy for the expansion ol' the life sci­

ences programme in neutron sca ttering, the ILL and the EMBL 

have set up a Biomolecular DeuteraLlon Laboratory(cr. page 

62) for the deuteration of biological molecules. Access to the 

DeuteraLion Laboratory is gained through a peer review pro­

cess ana logous to that used for access to any central fac ili ty 

instrument. 'I\vo proposa ls have already been accepted in 

2002. In the photo, the Deuteration Lab Team! 



, HIGHLIGHTS. 
The selection of highlights presented below represents 

a small glimpse of the tremendous range of high-qua­

lity science achieved at ILL instruments. The summaries 

proposal by Colleges describe the multiple facets of neutrons 

(__ ~ which make them so powerful in exploring properties of 
,. __ ., Matter and Materials. Magnetism as a field of research is still rapidly 
an re ff 

4 t 
me ea n 

t -;z ......... 

f .,1 I ···--( ) 
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evolving: new materials are discovered and exciting problems are 

contemplated such as quantum phase transitions and the interplay 

of superconductivity and magnetism. The study of vortex lattices in 

superconductors has been pushed farther by means of both elastic 

and inelastic neutron scattering. Chemistry and Materials have witnes­

sed the developments of time-resolved experiments with time-scale 

ranging from seconds to days, together with fast survey of diffraction 

patterns using the Laue method on the newly constructed instru­

ment VIVALDI. Soft condensed matter science exploits neutrons to 

investigate large-scale structures (polymer melts, surfactants, colloi­

dal suspensions ... ) in sophisticated sample environment and is moving 

towards bio-inspired problems. The Laboratory for deuteration/label­

ling of biological macromolecules has been set up to take advantage 

of the full power of neutron scattering methods in Biology; indeed, 

diffraction studies either at low resolution or at atomic resolution as 

well as observations of the dynamics of macromolecules benefit 

greatly from the isotopic substitution methods. 

A_ {{ a:/; f In contrast with the small number of instruments dedi­
~ SrYlci ~ rYl{>Se:,, Q cated to this field, nuclear and particle physicists explore the,, fveme¥tdovs phenomena which involve an enormously wide range in 

energy scale covering the four fundamental forces. 

Vd~ of h ,aJ.,_ Finally, the blend ofTheory and Modelling has become 

,~ , 'or ' more and more visible. Numerical simulations allow to 

UV@ f SC...-fe,V\c.,.e:,. select relevant ingredients required to capture observed 

l effects and can serve as a guide to help theoreticians to build full 

models to predict new phenomena. 

Progress in science combines creativity, ingenuity but also ever increa­

singly sophisticated methods. Accordingly, the ILL has developed a 

full suite of instruments which allows scientists in Europe to achieve 

the core aims of their research programmes using neutron methods. 

We are very grateful to our many collaborators who have eagerly 

submitted their highlights in order to demonstrate the breadth of 

research performed at ILL. I personally wish to thank most warmly all 

of you who have contributed to this year's version and , more especi­

ally, those whose cont ributions could not be included. 

Christian Vettier 



Magnetic personalities 

Well hlelded ' He co-ordlnaUon. From the 
lelt: Vladimir Hutanu (HMI) . Eddy Lellevre­
Berna and David Julllen. 

,. -

Markus Braden (Koln University), Louis-Pierre Regnault (CEA. 
Grenoble) and Cyrllle Bouillon, during their experiment on IN22. 

Magnetic personalities: (from the left) Oscar Moze (Modena 
University). Caterina Petrillo (Polltecnlco dl Milano) and Francis 
Tasset. 

Arnd Gildemeister (Heidelberg) working on 
neutron tomography. 



Chrii; Ling, College 5B Secretary 
http/ / www.iTl.fr/pages/c,cience/ groups/dif_l.html 

Roi;i; Stewart, College 4 Secretary 
http:/ / www.ill.fr/ colleges/ C4/ indeK.htm 

Tchnologies based on magne­

ic materials have been among 

the most influential in modern 

history, from the invention of the com­

pass, through the discovery of elect­

ricity, to modern electronic compu­

ters. The high-tech industries of today 

are totally reliant on well-understood 

magnetic materials for their present 

operations, and on the discovery of 

new magnetic materials for their 

future development. 

The spin of the neutron, the property 

that allows it to interact directly with 

the spin and orbital angular momen­

tum of atoms, is consequently one 

of the fundamental driving forces 

behind the construction and opera­

tion of neutron research facilities. 

Magnetic materials have been stu­

died using neutrons for over 50 years, 

and core experiments such as the 

use of diffraction to study spin order 

and the use of inelastic scattering to 

study spin dynamics continue to 

dominate the demand for beamtime 

at the ILL. 

Enormous increases in neutron flux, 

detector efficiency, computing resour­

ces and experience mean that extre­

mely difficult pioneering experiments 

can now be done in a few hours, and 

that problems previously considered 

intractable are being solved every 

year. In parallel with these increases 

Magnetism 

in speed and power, there have been equally great improvements in the range 

and performance of sample environment apparatus, giving scientists access to 

previously unattainable temperature, pressure and magnetic field regimes. 

Furthermore, the ability to polarize neutrons with ever greater efficiency allows 

the microscopic natures of magnetic materials to be determined even more accu­

rately and unambiguously. 

Nevertheless, magnetic neutron scattering is far from settling back comforta­

bly as a field of routine "production line" experiments. New scientific problems 

are constantly appearing, and the ILL continues to take up and meet the tech­

nical challenges accompanying them, as illustrated by the Scientific Highlights 

presented by magnetism researchers in this year's Annual Report. This year has 

seen a resurgence of neutron time-of-flight mapping of magnetic excitations, 

with 3 out of the 5 inelastic magnetism highlights being performed on the IN6 

time-focussing TOF spectrometer. This has been largely the result of the pro­

vision of the ILL's 2.5 Tvertical cryomagnet on IN6, which has made possible 

studies of field driven quantum critical points, quantum spin-chains and the study 

of the magnetically mediated superconducting material YbSnPd, presented in 

this report. Polarized neutron techniques - pioneered at the ILL - are used in 

3 out of the 7 magnetism articles in this year's annual report, demonstrating 

their usefulness in the unambiguous determination of magnetic structures 

and dynamics. 

The study of magnetism at the ILL promises to be equally exciting in 2003, with 

many important and novel experiments already approved for the first half of the 

year. For example, two experiments were highlighted by the scientific council 

concerning vortex lattices in superconductors. In particular, measurements of 

the velocity distributions of vortex lattices using a novel time-of-flight neutron 

spin-echo technique will be carried out this year. Crucial experiments on the 

interplay of superconductivity and magnetism will continue this year, specifi­

cally, work is continuing on the UGe, class of ferromagnetic superconductors 

in order to fully characterise the spin-triplet pairing mechanism proposed for 

these materials. Finally, the prediction of a magnonic Bose-Einstein condensate 

in the magnetic dimer compound Cs
3
Cr,Br

9 
will be investigated on IN14 in the 

coming year. The fact that the experimental topics and techniques described 

in these Scientific Highlights change greatly from year to year underlines the 

range and depth of magnetism research using neutrons at the ILL. 
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N amrcl afLer Lile god Tapio of Fin­

nish myLhology. Lapiolil(' (FeTa}).) 

i.- one of a group of naLurally occurring 

minerals with gC'neral form ula N·B/ 0,,. 

Tl1 r crysLa l sLrucLurr ca n br dC'scrib<'(i 

a. Lile convC' nLional rulil r uniL ce ll Lri­

plC'd along L11 c LC'Lragonal c-a>.is. The Lri­

ru tilC' .· trucLurr ari ses from Lile Ol'clc­

ring of Llw divalenL and penLavalcnL 

ea lions. and rC'sulLs in each layer of !•'(' '• 

ca lions being srpa raLcd from LIH' nr:-.t 

IJ Lwo slH'C'Ls or diamagnclic Ta· .. ions 

(figure I ). Thi s rcsulLs in a l1ighly con­

vo luLecl magnr Li c exc l1 angc patl1way. 

and favours 2D magnetic ordering. 

l\:ISL rrporLs of Lile magncLic properLies 

of l•'rTa!O,, arc llasccl almosL c·xc lusive ly 

upon Lile analys is or polycrysLallinc sam­

ples. l•:a rly r·c ea rchers misLakrnly r·rpor·­

LC'd Ll1C' long-ra nge or·clering tempera Lure 

as co incicling with Lile maximum in the 

magnetic susccplibiliLy al T(x.,,,J == 14 k 

In facL. a single thermodynamic quantity 

is noL sulTicienL Lo characLcri se Lile mag­

nclism ful ly. and measure men ls or other 

propcrLi es sucl1 as Lile heal ca pacity arc 

rc'quirrd Lo show LhaL Lile Lrue ee l Lcm­

p<'raLure occurs aLT~ == 85 K. Broaclrning 

or the susccplilJilil maximum alJmr T, 

arises from ·hor t-range corre lalions. 

and is now acknowlcclgecl lo IJe a cla sic 

signa ture of 2D magnetic or·clcring. Com­

l1incd inlerpretalion or data from MUss­

llauer specLroscopy and neutron po\\'dcr 

hort-range magnetic 
correlations in tapiolite revealed 
by Laue diffraction 

Difference Laue diffraction patterns on VIVALDI, the first instrument of the 

Millennium Programme, reveal with striking clarity the 20 magnetic orde­

ring in the mineral tapiolite. Complementary temperature-dependent mono­

chromatic data suggest the ordering is two-stage, first to a 20 paramagnet, 

then to a 2D antiferromagnet. 

Figure I: Schematic or the r cTa,O., 
structurr . Fr and Ta arc both octahcdrally 
('oo rclinatc<I tu O atoms at the vertices of 
1hr vo lumes shown. Fe is in the centre of 
each hmwn ocl<1 herlmn. 'lt1 in Lile centre uf 
rach green. 

cl iffraction incli caLr.d LhaL the 3D orclcred 

phase consists of an Li -fPrromagncLic pla­

nes or l•'e < 110> moments with aclja­

cPnt planes rntaled by UO". consistent 

with Lile loca l co-ord ination or o ygcn 

auims. To invcsLiga t<' the 2D ordering 

we unrlerLook magneLisalion and neu­

Lron diffract.ion exper iments on a single 

crystal of l•'eTa }).,. 

Althoug l1 it is possillle Lo fine! natural 

cry 'Lais or Lapiolile grcl\\ ing in granite 

pegmatites. these tend LO con Lain impu­

rilics such as In '• and l11
• . and ('xl1i­

bit a substantial reduction in cat. ion 

ordering. Our sam ple \\a.- cul from a 

crysta lline boule grown in an oplical 

floa Li ng-zonc ru mace_ lagne Li sa lion 

daLa WiLh Lile fi eld along the <100>. 

< I I 0> anrl <00 I> indica ted high ani­

sotropy between thr a-b plane and LIH' 

c direction . Our single-crystal clata 

lrnvf' clear points of inflect ion at 

T, = 8.0( I ) K. huL Lile rnlio T, /l'(X,,,J 

clepends on Lile orientation or the 

crystal relative Lo Lile field. with 

'I\ / l'(X"'J = 0.92(3) for 11 along <00 I> 

and T, /l'(Xm,.J = 0.~4(2) for the fi eld 

along< 110> 01' <100>: eviclC'n ce Lllat 

short-range or·clcr is preva lent within 

thr a-b plane aL elevated LcmpcraLtrr·cs. 

Ca n we oblain more detail or Lile 21) 

ordering by nrutron diffrac tion? 

The obvious choice is monochromatic 

neuLron diffraclion on an instrumr nt 

like DI 0. The first step was Lo verify L11 r· 

31) ordcrccl st ructure by co lleclion of 

cxwnsive diffraction claLa aL 2 f.:. which 

confirmed the model of planes or anti­

ferromagnetic < I I 0> F'e mom en ts 

wiLh a 90" r·otaLion between 'Uccess ive 

planes. Significant moments were also 

clcLecLccl Oil bolh bridging oxygen ' iLes. 

indicative of the importance of the next­

lll'arrsl neighbour ·uper-exchange. 

To search for rvidence of 2D order 

allove T,. e\Lenrlrcl scan were maclr 

around Lile posilions of Lile sLrongrr 

magnetic r'C'fl('CLio ns or Lllf' form 

h+O.:'i k I +0.5 or h k +0.:i I+ (Li. 
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Figure 2: Tcmpcra lu r'c: !l rpcn!lcncc or (a) 
the integrated inlrnsil y or th<' CUi O 1.5 
magnetic rc f'l cc lion. (h ) U1 c integrate<l 
intensity and l'ul l-wi<llll -at-half-heighl in a 
scan across the I -D ro<I al 0.5 0 2.5. 

We ll -clerin e<I rorl s or sca LLcrin g wcrr 

olJsc rvccl ex Lenci i ng a long c*. rlcc rca­

sing monotonically in inLcn sity with 

increas ing I~. characLerisl ic or grcaLl y 

rnrlucecl orrlcr ing between L11 c an Li­

ferromagneti c planes. The evo lu tion 

with LemperaLurc or Lile inLensiLy and 

Lil e wiclLl1 (in k) of the rocl 0. 5 0 I aL 

I = 2.5 arc superimposed on Lil e in Lcn­

sity va riation or th e 0. 5 O 1.5 magne­

tic refl ec tion in figure 2. Below 3 K the 

ordering is comp leLely 30. Be twren 

5 K ancl 'I\ = 7. 95 K th ere is a gradual 

cross-over from 3D to 2D order: L11c 

spin s remain anLiferrom agnctica ll y 

ordered within Lhe planes but Lh erc is 

a redu ction in correlation between 

planes. Betw en TN and 9.5 K (th e 

inflec ti on in fi gure 21)). there is l iLLl e 

or no correlation between planes. but 

still considerable ord er within each 

plane. Above Q.5 K the sLrueture evol­

ves lOward s a 2D paramagnet where 

tl1 e moments remain wiLh in the a-b 

plane·. i>u L ilccomc more di so rdered 

anrl mobil e. s th e temperature is 

furl11er incrra . cd the stru cture gra­

cluall y changes to lhr 30 paramagne­

Lic state. 

While the presence or 2D orclcr is indis­

pu ta ble rrom the monochromatic o I O 

clala. we were guiclecl by magneli sa lion 

claLa in our sea rch. In Lile white-beam 

Laue methocl the next bes t thing to a 

point-like Bragg rcl'lcc tion should be a 

rod of sca LLcring. What can Llie new 

th ermal-neutron Laue diffrac tometer 

VIVA LDI revea I? The Laue diffrac tion 

pattern at 2 I\ (figure 3a) shows clea rly 

Lile acldilional magnf' tic refl ec tions IJe L­

wf'rn pairs or rows or structu ra l reflecti­

on s. AL I O K only Lile SI l'UClUl'al rcflec li­

on s remain (fi gure :lb). but we ca n also 

sec acldi Lional cx tcnderl sLrcaks 1'acl ia­

Ling from th e straight-through bea m. 

as we ll as the triangular ran, rrom prr­

rr rrcd oricnLaLion in Lile cryosLaL hea l 

sl1ields. 'l'hc·sc additional streaks are 

more ev ident. in lhc cli!Tcrrncc I ,auc <lil'­

l'raction paucrn (l'igurc 3c ). and a1'e L11 e 

projec tion s of severa l or the I D diffuse 

. ,• 
.... . . . . . 

rods Lhal rx tr nd along c* . Aga in wr did 

know whnr to look for diffuse rocls in 

Ll1e I ,auc cxperimr nLs. hul the additio­

nal 1 D scallering in the Laue cliffrac lion 

pallern s. especially in the difference 

pattern. is ve ry obvious: ye t anolh f'r 

aclvanLagr of Lile glohal \'iew afforclecl hy 

the Laue method. Modelling the sca ttr­

ring is complica tecl by chromatic ove r­

lap. nevertheless compari son of pat­

terns above and below transition· sl1ould 

IJe rouLin r in all studies of magnetic 

, truclures by Lil e Lauf' method. 

Thi s is only one of man recent e:-.pE' ri ­

ments that show L11 e unique importa nce 

or th e neutron l,auc method for explo­

ring th e whole of Q-spacc as a function 

or temperature. pressure. etc. A whil r 

twam from a continuous nf' ul.ron sourer 

ca n provide an exceptionally high ave­

rage nux on Lile sample. anrl L11i s. com­

lJined wiLh Lhr ve ry largr so lid anglr of 

Llie deLec Lor. makes lh is a pownfu l 

instrument Ll1 at wil l not easily IJc lwt­

t.crccl. even on Ll1 e new pul sed sources. 

. .... ~ . .. . ... . 

•. • •• : fa) 

.. '! • .. . . .. . . 
. .. . . .... . 

. -. . ... . . 
• • • C) 

Figure :l : LmH.: cliffracLion 
pall erns observed on VI­
V/\I .1)1 liw Fe' la,O,,. (a) at 2 K . 
with the structural renec­
tions marked by +. (ll) at 
10 K. an<I (c) Ille cl iffercncc 
between the pal lcrns at 
I O K ancl 2 K. cutm n 
waveband: 0.8 - :1.5 A. 

a: 2 K with pre!liclcrl nucle­
ar pallcrn superi mpusccl 

h: I O K - a hint of clill'usc 
sca tteri ng al lo\\'() 

c: I OK minus 2 K -> m!ls of 
magnclic scattering along / 
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T wo experimental facts related to 

r the super-exchange mechanism 

attracted our attention to I<;F'eCl5·HP. 

F'irst, the essential feature observed in 

the super-exchange pathway of this 

compound is that propagation is not via 

a diamagnetic intermediary linking the 

metal ions. such as in F'eOF'e or F'eCIF'e 

[ 1 ]. Instead, propagation is via two or 

three non-magnetic atoms, such as 

F'eCl .. ·HOF'e. F'ec1 ... cwe or variants. 

and includes combinations of through­

bond or through-space pathways. Inte­

restingly enough, even with such long 

and apparently weak pathways. where 

distances between neighbour F'e ions 

can be as large as 6. 752 A. the eel 

temperature is remarkably high. e.g. 

TN = 14.06. Thi indicates efficient pro­

pagation of the magnetic interaction s. 

where the presence of hydrogen bonds 

seems to play an important role in the 

enhancement of magnetic coupling. 

Another interesting result was that the 

neutron powder-diffraction experiments 

performed at 1.5 Kon K2F'eCl5-H 20 

showed that the magnetic moment on 

the F'e ions For each sublattice is 3.9(1) 

µ8 [2]. This value is far below the 5 µ8 

expected for the saturated magnetic 

moment of F'e3
• . Spin delocalisation 

due to covalence in the F'eCI and the 

F'eO bonds would be the most likely 

origin of the moment reduction at the 

F'e site . 

In order to explore such a hypothesis. 

uper-exchange 
interactions enhanced through 
spin delocalisation in K

2
FeC/

5
•H

2
0 

Super-exchange acquired its name because of the relatively large distances, 

often more than 4 A, between interacting magnetic ions. In the superexchange 

mechanism, magnetic ions modify the wave functions of connecting "ligands" 

giving them a magnetic character, allowing exchange interactions with 

neighbouring ions. 

we have undertaken the examination or 

the magnetisation density in I<;F'eCl5·HP 

by polarized neutron diffraction (PND) 

techniques. The aim is to obtain detai­

led experimental information about the 

spatial distribution of the unpaired 

spin density. Such studies will allow us 

to find how the spin delocalisation. due 

to covalence effects, en hances the 

super-exchange mechanism and conse­

quently the propagation of magnetic 

interactions. 

Experiments have been performed on 

a single crysta l (about 5x3x1 mm3
) of 

I<;F'eCl5·H 20. The compound is ortho­

rhombic (Pnma) with cell parameters 

13.4389, 9.6925 and 6.9789 A at 20 K. 

The unit ce ll is Form ed by four F'e:1• 

cations in octahedral coordination. witl1 

five chlorine atoms, and the oxygen 

atom of the water molecule. F'igure 1 

shows the crystal structure with the 

coordination octahedra or the iron atom 

and the strongest super-exchange path­

ways between neighbour irons. 

The polarized-neutron diffraction expe­

riment was performed at 20 Kon the 

023 lifting-counter diffractometer at 

the ILL. A pyrolitic graphite (002) crys­

tal and a Heusler (111) polarizer were 

used to monochromate the incoming 

neutron beam at a wavelength of 1.329 A 

Figure 1: Unit-cell representation or K,FeCl,H,O showing the J, super-exchange pathway. 



and with a polari za tion of 0.9479(2). 

A nipper with 98% efficiency switched 

the polari za tion between parallel and 

anti-para llel to the verLica I magnetic 

fi eld of 5.5 T. The ~ F'eCl5·H20 crys tal 

was mounted in two different orienta­

tions relati ve to the appl ied magnetic 

fi eld. Absorption . extinction , Lorentz 

geometrica l and multiple scattering 

corrections were applied to the mea­

sured intensiti es (D9) and flipping 

ratios (D23). and programs from the 

CCSL uite and MOLLY program [31 

were used to analyse the data. 

Th e spin-density distribution in the 

unit cell , as determined from the mag­

netic structure fac tors. has been ana­

lysed in term s of a simplified multipo­

lar model. To a first approximation. 

the iron atom has a spherical distribu­

tion (0A,: t32ge2g), and the effec t of the 

ligands can be considered to decrease 

the iron spin-density symmetry to only 

C,. Therefore. the spin-density distri ­

bution has been modelled by a hexade­

capolar expansion-preserve the C, sym­

metry. Only monopolar contributions 

have been assumed in the analysis for 

the ligands. Th e hydrogen and potas­

sium spin populations were below the 

experimental accuracy and were not 

included in th e final model. As 

expected. the largest spin population 

was Found on the iron atom (4.1 55(3) µ0). 

Moreover. a significant spin delocali­

sa tion from the iron to th e ligands is 

al so observed. Spin populations of 

0.158(2). 0.150(1 ), 0.141 (3). 0.162(2) 

and 0.072(3) µ8 were found on the Cl 1, 

0.0250 

0.0100 

0 .0050 

0 .0025 

0.0010 

1A 

1---i 

Cl2. Cl3. Cl4 and O atoms respecti­

vely. The shorter the F'e-CI distance. the 

higher the spin population observed 

on the chlorine atom. except for the Cl4 

atom belonging to the hydrogen bond, 

which has the highest spin population 

even though its distance to F'e i not the 

shortes t. The hydrogen bond seems to 

favour spin delocalisation from the iron 

atom to the ligand. 

A projection of the spin-den ity recon­

struction in the plane containing the 

F'eCl···(H)O F'e super-exchange path­

way is shown in figure 2. This super­

exchange pathway, as determined from 

inelastic neutron scattering experi ­

ments in rer. [4] . has the strongest 

magnetic coupling constant. J ,=-0.184 

meV. an order of magnitude grea ter 

than the next one J2=0.016 meV. 

Spin-deloca lisation effec ts have been 

observed before in other coordination 

compounds of 3d metal ions [5). Never­

theless, these phenomena are more 

pronounced in [F'eq(H 20) ]2· becau e 

Figure 2: Proj ection or the spin­
density reconstruction in the plane 
contain ing th e FeC l·· ·(H)OFe 
super-exchange pathway. Tota l 
density has been normalised Lo 
5 II» per octahedron. 

it fulfil s all the conditions favouring 

spin delocali sa tion due to cova lence 

[6]: iron in thi s compound has the hig­

hest possible spin value (S=5/2). it has 

half-filled e~ orbi ta ls allowing spin 

transfer through o molecular orbitals. 

and it is a triva lent ion. 

In the super-exchange mechanism. the 

magnetic orbitals are not completely 

loca li sed on the magnetic atoms but 

they also have a contribu tion from the 

ligand atomic orbi ta ls. This deloca lisa­

tion of the magnetic orbitals allows 

them to overl ap and. consequently, 

favours the magnetic interaction . In 

~ F'eCI,- HP we have observed that the 

magnetic orbi ta ls include an impor­

tant component from ligand atomic 

orbitals. which explains the relatively 

high ordering temperature. 
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Novel electronic ground states con­

tinue to attract much atLention. 

Recent activity has focused on the 

appea rance of simul taneous magneti c­

superconducting sys tems both of the 

ferro- (F') and antiferromagnetic (AF) 

kind (1 ]. Here we explore a third type 

of grouncl state that exhibits the dyna­

mic exc itation spectra of a simulta­

neous antiferromagnetic-ferromagne­

tic sys tem. As will become evident. the 

essential physics may be related to a 

fundam ental dynamic nature of such 

ground states. In the following the focus 

is on the F'-AF electronic phase as rea­

li sed in particu lar in CeFe2 and the pre­

ferential stabili sa tion of either the F. in 

undoped CeFe2, or AF phase in the lightly 

doped Ce(Co 0le 9:il r T11 e root of this 

rich behaviour lies in the anomalous 

nature of hybridi sa tion between the Ce 

4f shell and the 3c/ states of iron [2 ] 

which has lead to confl icting reports 

on the ground state of CeFe2 and the 

magnitude of the Ce moment. The avai­

lability of single crysta ls (grown at Ames 

Laboratory. Iowa State University. Ames. 

Iowa, USA) allowed us to re-examine this 

cl1allenging prol)lem using a ser ies of 

experimental techniques. We concen­

trate on diffraction experiments at a 

7% Co doping on the Fe site which acts 

he magnetic ground state 
of Cefe

2
: resolving 

the paradoxes 

Accurate single crystal neutron diffraction data, accumulated on the 010 dif­

fractometer, taken in conjunction with results from inelastic neutron (LLB, 

Saclay and ILL) and resonant X-ray scattering (ESRF, Grenoble) experi­

ments has enabled us to resolve longstanding controversies surrounding 

the magnetic ground state of CeFe,. 

to stabilise the AF ground state below 

TN (- 69 K). This state is unusual in 

that it condenses out of an apparently 

F precursor phase which pertains for 

TN < T < T, where T, marks the tran si ­

tion to the paramagnetic sta te at 210 K. 

Inelastic neutron scattering. figure 1 

(L LB, Sac lay and ILL, Grenoble). 

brought. the full, microscopic, nature of 

the pa radox into focu s. The lower panel, 

T < TN, shows classic AF spin waves 

propaga ting away from th e point [3/2 

3/2 3/2] in the <111 > direction as anti­

cipated in a pure AF state. On the other 

hand . the upper panel, TN < T < T,. 

shows that in t11 e F' state there exist both 

ferromagnetic spin waves (originating 

from the zone cen ters [ 1 1 1] and [ 2 2 

2]) as we ll as in ten se, inelastic AF' exci­

tation s, focused around the zone center 

[3/2 3/2 3/2]. A similar situation pertains 

in CeFe2 [3]. except that in the pure 

com pouncl the AF state remains dyna­

mic to the lowest temperatures studied 

and no long-range order is found. 

This paradox in the dynamics or the 

simultaneous F-AF excitation spec t­

rum. was on ly compounded by experi­

ments at the 1D20 beam lin e at th e 

ESRF Grenoble using resonance X-ray 

sca ttering (RXS) which revea led a para­

doxica l magnetic structure. Usi ng inci­

dent X- ray energies tun ed to th e Ce L, 
edge (which is sensitive to the magne-

tic polari za tion at the Ce site) the inten­

sity wa s measured as the sample was 

rotated around the scatter ing vec tor 

(az imuthal scan s). As indicated in 

figure 2. the results dicta te that the Ce 

(4f) moment must lie parallel to th e 

<111 > propaga tion vec tor of the mag­

netic structure. The difficu lty is that all 

earlier neutron-diffraction and Moss-
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Figure 1: Contour plots or the dynamica l 
magneti c susceptibility ;(' (Q.oo) deter­
min ed by inelasti c neutron scattering 
around the Brillouin zone boundary 
(3/2,3/2,3/2), and along the J 111I direction. 
The thi ck lines are the tit of the parabolic 
F (continous lines) and of the linear AF 
(broken lines) spin wave dispersions. Mea­
surements in different Brillouin zon es 
establish that all the inelastic response is 
associated with the Fe spins J3J. 
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taneous excitation spec tra of a dynamic 

ferromagneti c-antiferromagnetic phase 

18]. The transition from F' ground state 

wi tl1 the resonant. dynamic. AF pole in 

pure CePe, to a true AF ground state 

may be real isecl eit11er. as in U1 ese expe­

riments. by ligl1L elop ing on the F'e site 

or through the appl ica tion of hydrosta­

tic pressure [9]. Clea rly then. there are 

many similar ities with the phenomeno­

logy of both tile Hi-Tc cuprates and the 

simul taneous ferro- and antiferromag­

netic-superconcl ucting sys tems. It 

rema ins as a challenge to see. whether. 

under concli tions of sulTicient purity ancl 

at low enough temperature. one may 

rea li se the tran sition Lo a truly exotic 

pl1ase or simul ta neou s Ferromagnetic­

anti l'e r rom agn e ti c-s u pe rco n cl u c ting 

dynamic order in such a material. 

Azimuthal angle lj/ (deg) 

Figure 2: Azimuthal dependence of resonant magnetic X-ray scattering inl ensities of the 
rcllcctions (5/2.5/2.5/2) (black points) and (5/2.5/2.3/2) (open points) at E = 5. 71 9 kcV taken 
at 12 K in the c,-rc channel. The lines are the calculations of the angular dependence of the 
resonant in tensities with the Ce moment directions aligned along 11111 . The insert shows 
the energy dependence of the magnetic Bragg rcrlecti on (5/2.5/2 .5/2) and the broken lines 
the absorp t ion coeffi cients determined by lluorcsccncc yield across U1c Cc L, edge. 

ba uer resul ts are incon sistent wit11 a 

simp le co llinea r ar rangement of the 

Pe moments [4. 5] and L11u s the po lari-

7,a tion of the weak 4] moment (- 0.2 µ,.) 

by the dominant Pe moments (- 1.5 µ,J 

is. apparently, inexpli ca ble. 

The opening of th is struccural paradox. 

which relies on the high sensitivity or X­

ra ys Lo the Cc mom ents (the F'e K edge 

is too weak to determi ne the Fe moment 

or ientation) and the fact that bo t11 the 

neutron and Mbssbauer data are pr in­

cipa lly cl eterminecl by the clomi na nt F'e 

polariza tion. stimu lated a new neutron 

experiment exploiting L11e rull potentia l 

of D10. Using a single crysta l. and gathe­

ring a data se t approximately 2 order 

of magni tude larger than previously col­

lec ted with polyc rysta llin e sa mples. 

showed unambiguously th at Llic Fe 

moments are indeed non-co llinear. The 

resulting magnelie mom ent eont'igura­

tion is shown in figure 3, where. in a 

given sub- laltice. the weak Ce moments 

lie para llel to a dominant [1 1 ·1 I axis of 

magneti sa tion prnvicl ecl by the ·reel ' F'e 

moments (in agreement with the syn­

chrotron experiments as shown in figure 

2) However. in addi tion. the apical 

·blue· F'e ion yields a non-collinea r corn-

ponent wi th a smaller moment or 1.1 µw 

The configuration. shown in fi gure 3. 

can also be usecl as a llasis to interpret 

both tl1e Mbssbauer res ul ts and the 

paradoxical exc i tat ion spectrum of 

figure 1. F'ur t11ermore, it sugges ts an 

avenue toward s an understand ing of 

the ground state in Ce F'c,. a poss ibi li ty 

being Llia t it comprises a se t or cl yna­

m ic. microscopic. blocks l 6 I based on 

L11e Al<' < 111 > structure or figure 3. 

Such a model may reconci le both Lile 

anomalous inhibition or a lattice distor­

tion in th e F sta te. wh ich is then 

released by slow down and macrosco­

pic domain growth on entering the AF 

phase in L11e eloped com pound, and L11e 

saLumtcd magnetic moment or - 1.2 µ,/Fe 

obse rved under high magnetic fi elds 

(l.6 X 3/4 = 1.2 p/ Pe) 17]. 

In conclusion. CeF'e, rea lises a novel 

elec tronic ground state with the simul-

I• 

[1701 

C.e-__ L...?1_-4-~a. 
[110] ~ --~ 

crystallographic unit cell 

anti-ferromagnetic unit cell 

Figm c :1: Magneti c structure in th e /IF 
sta te cl et.crmincfl combining neutron anrl 
x-ray sca ttering results. The Fe sublattice 
has two inequiva lent sites. with 3/4 of Fe 
having the magnetic moment direction 
parallel to 1111 1 (reel arrows) and 1/4 or 
Fe parallel to the 11-101 direction (b lue 
mrows). The Cc magneti c moments poin t 
along the [l l 11 direction (green arrows). 
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S tripe phases were actually pre­

dicted theoretica lly [ 1] several 

years before they were first identified in 

nature. The real explosion of interest, 

however. followed from the observa tion 

by Tranquada and coworkers [2] of spin­

charge stripe order in a non-supercon­

ducting cuprate. Their discovery fuelled 

a debate about the role played by stripe 

correlations in the formation of the super­

conducting state in the high- 'I',_ cuprates. 

real space reciprocal space 

Figure 1: (a) Model For the stripe order 
round in the Ni-O layers of Lasr.,S,,JNiO,. 
Arrows denote S = 1 spins on Ni'• sites, and 
open circles represent NP• holes. The O 
sites are not shown. Primitive unit cells of 
th e NIO, square lattice and th e stripe 
superlattice are indicated by the small 
square and parallelogram respectively. J 
and J' are the intra- and inter-stripe spin 
exchange couplings. (b) Diagram of reci­
proca l space showing several Brillouin 
zones for the stripe ordering. 

Although the main impetu s to learn 

about stripes ari ses from cuprate 

superconductivity, the most popular 

playground for studying stripe pheno­

menology has been the layered nicke­

late family La2_xSr,NiO,.6• Thi s is 

because the stripes are more strongly 

loca li sed and exist over a wider range 

pin dynamics 
in a stripe phase: the model 
system La513Sr113Ni04 

Over the past decade it has become increasingly apparent that charge car­

riers doped into antiferromagnetic oxides tend to form ordered structures with 

a stripe-like texture. These stripe phases, which represent a new form of elect­

ronic order in the solid state, are characterised by parallel lines of holes 

separating regions of antiferromagnetically ordered spins. While the static 

properties of stripe phases are now quite well understood, little is known about 

how the spins and charge carriers move. In this work we used polarized- and 

unpolarized-neutron inelastic scattering to explore the spin excitation spect­

rum of the simplest stripe-ordered compound, La1, 1Sr,,1Ni04• The measurements 

enabled us to determine the spin coupling both within a stripe domain and 

between adjacent stripes, and also provided insight into the way in which spin 

and charge degrees of freedom are coupled in stripe phases. 
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Figure 2: O scans parallel to (a) (h, h. 0) and (b) (h, -2h. 0) at a constant energy of 70 meV. 
showing the magnetic scattering From La51.lSr1r.1NiO,. The lines are scan simulations based 
on the spin-wave model. 

of hole doping (controlled by the 

amount of Sr and excess oxygen) in 

nickelates than in cuprates. The stripe 

order is simplest and best co rrelated 

in La513Sr,r.iNiO,. and so this compound 

is an ideal system on which to estab­

lish the basic physics of stri pes. 

Figure 1 (a) shows the arrangement of 

spins and holes observed in the Ni-O 

layers of La513Sr1r.JN iO, at temperatures 

below -200 K. The ordering of sp in s 

and holes is seen to form a super­

structure whose periodicity is three 

times that of the underlying square 

latti ce. A primitive uni t cell of thi s 

stripe order is shown by the parallelo­

gram. Fourier transformation of the 

stripe superlattice leads to the Brillouin 

zone geometry shown in figure 1 (b) . 

To understand the existence and sta­

bility of stripe phases we need ans­

wers to a number of key qu es tion s: 

What are the va lues of J and J'. the 

intra- and inter-stripe exchange coup­

lings between Ni2· spins? What are the 

characteri tic frequencies of the co l-
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Pigure 3: Dispersion of the magnelic exci­
tations in La,,J r,,, iO, parallel to (h. h. 0). 
The full and broken lines are Lhe spin­
wave model for two stripe twins oriented 
at 90° to one another. 

lecti ve motions of the lines of char­

ges? How do the dynamics of the spins 

and charge couple to one another? 

These ques tions motivated us to study 

th e spin exc itati on spec trum of 

La.v.1Srw iO, by neutron inelastic sca t­

tering on the tripl e-axis spectrom e­

ters I 20 and I 22 I 3]. We probed the 

excitations mainly by scanning the neu­

tron sca ttering vector Oat fixed energy 

along th e lin es marked A and B in 

figure 1 (b) . Figures 2(a) and (b) show 

two uch ·can . made at an energy of 

70 meV. and figu re 3 shows the disper­

sion of the observed spin excitations 

with wavevector along line A for ener­

gies above 30 meV. There is no measu­

rable dispersion along th e z axis. 

What is interesting about these results 

is that the spin exci tation apparently 

propagate as if the underlying charge­

ordered superlattice were entirely sta­

tic. In other words. in the energy range 

30 - 85 meV th e motion of the pin is 

inclependent of th e motion of the holes. 

Thi surpri ing revelation means we 

can ignore the motion of th e hole . at 

lea t for th i energy range. and model 

the pin exc itations very simply by 

linear spin-wave theory. Assuming only 

the two exchange parameters J and J' 

shown in figure 1 (a) and a single-ion 

anisotropy energy K,. determined sepa­

rately we followed the standard routine 

to ca lculate the spin-wave dispersion 

and cross-section. The lines drawn on 

figures 2 are simulations of the scan 

including the spec trometer resolution. 

and the ca lculated dispersion is com­

pared with the data in figure 3 with 

parameter J = 15 meV. J' = 7. 5 meV 

and K, = 0.07 meV. The full model dis­

persion surface i plotted in figure 4. 

For energies below 30 meV very strong 

scattering from phonons made it diffi­

cult to follow the magnetic excitations 

with unpolarized neutrons. and so to 

explore this energy range we employed 

polarization ana lys is. This enabled us 

to separate the magnetic from the non­

magnetic sca ttering, and revea led that 

for energies between 10 meV and 25 

meV there is a dramatic reduction in 

the spin-wave peak amplitude and a 

corresponding increase in width. Below 

10 meV sharp spin wave peaks are 

again recovered. 

We believe that the anomaly between 10 

meV and 25 meV arises from a coupling 

between the spin waves and collec tive 
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motions of the stripe domain wall. In 

other word . between these energies 

the lines of charge begin to oscillate in 

harmony with the pin waves. The lack 

of coupling below 10 meV suggest that 

the charges are LO ome extent pinned 

to the laLLice. crea ting an energy gap for 

domain wall fluctuations. 

These re ults provide severa l new 

insights into the sp in dynamics of tripe 

phases. They show that the spin coup­

ling between the stripe domains is about 

a factor two smaller than the spin cou­

pling within the tripes. They also suggest 

that the motions of the spins and char­

ges are essentially independent at high 

energies. but become intimately linked 

between 10 meV and 25 meV. Finally, we 

argue that a commensurability gap exists 

which freezes out ce rtain co llective 

charge modes at low energies. These 

findings. plus results from future neutron 

scattering experiments on other simple 

systems. will provide a criti ca l test or 

theoretica l models for tripe pha es. 

o.6 
o.8 

0.2 

Q.(r.l.u.) 

Pigure 4: 1\vo-dimensional dispersion urface for the spin-wave excitation in La,,.,Sr,(J iO,. 
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B-Mn is Lhe only stable form of 

elemenLa l Mn which cloes nol 

display magneLi c ord er. Th e simple 

cubic P-Mn crysLal sLructure con sisLs 

or Lwo incquival nL atomic siLes. with 

eighL sile I and Lwelve siLc II Mn aLoms 

pr r unil ce ll. llineranL magneLi c 

momcnLs resiclc only on Lhr site II posi­

tions. The bulk magneti c susceµLibi­

lil or ~-Mn is independent of Lempc­

raLure. indica Ling tandard Pauli para­

magnelic behaviour in Lili material. 

I lowcver. nuclea r magnetic re onancc 

and specific heal measuremcnLs of ~- In 

have Ileen perform ed. which inclica Le 

an anLiferrom agneLi ca lly corrclaLed 

quan1um pin liquid [21 grouncl ·talc. 

in which Lh e presence or geomcLri ca l 

magnelic fru stration beLween th e site 

II ~In atom prevenL long- range order 
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-manganese: 
an unconventional itinerant 
electron paramagnet 
The Fermi-liquid picture of electron interactions in metals, developed by 

landau in the mid 1950s [1] has, up to now, provided the basis for the 

understanding of the macroscopic thermodynamic and transport properties 
of metals. Recent ly, however, several metals have been discovered which 

show properties inconsistent with the Fermi-liquid model. We have obser­
ved non-Fermi-liquid (NFL) scaling behaviour in the elemental paramagne­

tic metal I3-manganese - the first observation of such properties in a pure 

elemental metal. NFL properties of magnetic materials are caused by the 
existence of a distribution of relaxation times of the magnetic moments, which 

is normally brought about, by impurities or defects. However, this cannot 

be the case for (3 -Mn since it is a pure element. 

al low LemperaLUres . It ha also be n 

demonstrated th at Lh e it i ne ran L 

moments in P-Mn are on Lhe edge of 

moment Labilit [3]. Doping P-Mn with 

as litll e as 3 at% Al is sufficient Lo 

pa rtially loca lise Lhe In moment . and 

ere a Le a sta lic , pin-glas like magne­

Lic ground sLaLe aL low LemperaLures . 

In order Lo examine the clccLronic spin 

flu cLU ations in P-Mn we have perfor­

mecl quas i-e las lic neutron Lime-of-flighL 

studies of P-~ln in orcler Lo examine Lhc 

cl ynamica l magnelic usceplibi li ty or 

Lhi unconventional pa ramagnet 14] . 
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Figure I : Contour plot or S(Q.w) for ~-l\ ln al 15K. Lal-en on II ET. The quasi-claslic spin 
nuctuation response Is cleurly visible. peaked aroun cl O = 1.4 i\-• . The spin lluc'Luation 
response is extremely broad ext ending out beyond 40 rne\l 

NeuLron sca LLering provides Lhe only 

meLh ocl for cli reeL obse rva Lion of ll1 r 

dynamica l magnelic su cepLibiliLy as a 

fun cti on of energy and wavcvecLOr 

Lran fer. Q. F'or these studies we used 

Lhe I JET pecLromeLer at lhe !SIS spa I­

la Lion neuLron faciliLy. Didco t.. UK. and 

the I G peCLl'omeLer aL Lhe ILL. sing 

th ese Lwo spec LromeLer al incident 

neuLron energies or 100 mcV and 

3. 12 meV rcsµeclive ly. ha enabled us 

to observe th e dynamica l uscepLibiliLy 

of P-~1n ove r alm os t four decade of 

energy beLween 0.08 meV and 40 meV. 

The dynamic strucLure fac tor S(Q.c.o) for· 

P-Mn at 15K measured on HET is sho\\'n 

in figure l . IL is immediaLely clea r from 

Lil e figure th aL even aL low Lempera Lu ­

res. Lhere is significa nL magnetic in Len­

sity- cenLred aL O = 1.4 A:' extending 

Lo high energies on Lhe neuLron energ 

loss side or Lhe specLrum . This i incl i­

caL ive of a strongly spin-flu cLualing 

ground stale as predicted by previous 

sLudies. On Laking a cul Lllrough the 

clata at the peak of til e trucLUre fac tor 

(a l O = 1.4 ') we fincl Lhat Lh e form of 

S(c.o) does not follow a simple Lorent-
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Figure 2: The observed 1lco'k,;r sca ling rela­
lionship or Lhe cl~ namical susceplibiliLy of 
~-~ In ploltccl for the sca li ng c poncnLs. n) 
a= O anrl b) a = I . The III•:T rl aLa an· 
shown as solid symbols ancl Lhc IN!i data 
are sllo\\·n as hollow symbo ls. The solid 
lines in b) are lits of th e rlata to 1-:q . ( I ) . 
rmm which Lile parameters shown in ligure 
3 \\ Cl\ ' dcducwl. The low-frequency as}111p­
l0Le or the rlynamica l susceplihillLy is seen 
to sca le we ll ror a = 0. whil e ror a = I. lhe 
model lits lo Lile clal.i inrlica le sca ling beha­
viour ror Ill e high rrequcncy asympl oLc. 

:r, ian mode l. lnslea cl we rin d llrn t Lile 

claLa at eacl1 tempera Lure arc well drs­

cr ibccl by the function. 

where x""(w) is the imaginary pal'l or Lile 

clynamical magneLic susceplibiliLy (rela­

tr cl Lo S(w)) and u= rx = constanL. Tl1is 

rorm or L11 e magnetic susccpLibi liLy is 

lhaL predicted for· a sysLcm where Lhcre 

is a broad cli sLribu Lion of spin relaxa Lion 

rates between Lhe upper lim iL r ,. and 

lower limit. r ,. raL11 c1' Lhan a unique 

rclaxa lion ra te. which would lead Lo a 

I ,o renLzic:in rorm Lo Lile suscepLi hiliLy 

l:i l. IL is thi s cl istr ibuLion or relaxaLion 

rates wh ich leads Lo L11e obsn valion or 

non-l<'c r'm i liquid sca ling. l<' igure 2 shows 

plots or x""(w)( ku'J' )" al O = 1.4 A- 1 plot­

tccl as a fu nction or 7lw/k11T. ror two 

va lues or Lhc exponent a = 0 ancl a = I . 

In tlie ea ' e or class ica l l<'r rmi liquid 

sca ling. the data at each LcmpcraLUrc 

should sca le for a = I . It is clea r from 

figure 2b that this is not Lhc case. alt­

hough at high value of 7lw/k11T wilh 

a = I. the data are approaching sca ling 

behaviour. In l"igure 2a we also noLi ce 

that the data ca le well at low va lu es or 

7lculk"T with a = 0. 

F'igure 3 shows a plot or the high and 

low frequency limit r 2 and r , as a 

function or tr mpcra turr . toge ther with 

the rra Lional difference be tween Lhr m 

(f ; - r 1)/( f ,f1) - th e so-ca lled FI. 

parame ter. \Ve sec from figure 3 that 

r, is inclcpenclcnt or tempr rat.u rr . whe­

reas r , fall s stea(li ly with tempn a­

ture. T11i lwhaviour leads LO broad­

ening or the clislribution or relaxa tion 

rates as th e tem perature app roaches 

zero . anti hence to the large ,,aluC's or 

lhe FI. parameter. This then explains 

th e sca ling plots in figurr 2. At high 

temperatures. the cla ta apprna lies the 

l,,rrm i liquicl sca ling regime. with a sin­

gle relaxa tion ra te r ; - r ,. Th is is 

shown up in Lile approac l1 Lo sca ling 

behaviour at lligh r1·cquencies in fi gure 

1b with a = I - as woulcl lie expecLecl 

rorm L11 c Fe r'm i I iqu itl moclcl. As the' 

tempera lure decreases and Lil e cli sLri­

bution or relaxa tion raLes b1'oaclcns, 

we see a steady cleparture from F'ermi ­

liquicl bcliaviour. wiLh lhe tlaLa sca ling 

at Lil e low frequ ency asy mpLoLe of 

figure 2a with a = 0. 

Tl1e ques tion now remains as Lo whaL 

causes Lh e cl isLr ibuLi on or relaxation 

Lim es. leading Lo Lhc observed NFL ca­

lingof the magneLic su ccpLibiliLy, Micms­

co pica lly. we can undersLancl the rorma­

Li on or sucl1 a cli sLrilluLion or relaxation 

ra tes as being cl ue LO eiLher: spatial ave­

raging over inhomogenr itics (Lempera­

tu r'e. pressure graclients or intrinsic chf'­

mica l disorder or defects). or an intrin­

sic localised clistribulion. inclepenclent 

or Lile above spatial averaging. giving 

rise Lo either a spaLially correlatecl (wavc­

vector clepcndenL) or uncorrelatecl (wavc­

vec tor independent) F'L state. Since 

we have n evidence to uggest the pre­

sence or atomic, chemica l or defec t cli s­

orclcr in a /Wff' r lement we attribute thr 

prcsrnce or FL sca ling in P- 1n to an 

intrinsic distribution or relaxa tion ra tes. 

incleprndcnl or an spa tial averaging 

ove r Lile sa mple. In oth er l<' L com­

pounds. the presen e or atom ic cli ordrr 

ca nnot IJe rulecl out to the same degree· . 

1 n the ea r or UCu .. , Pel, - even ror ll1r ' LO­

ch iomc tric case wl1erc x = I - there is 

cviclcncr or Pd-Cu site disorder IGJ. while· 

there is likr ly lo be random silr dL orclr r 

in non-s tochiomelric CeCu",Au, 171 and 

Lill' eloped ra re-ea rth cupratcs. 
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F'igure 3: The tempcralure depenclence or 
the high (f,) anrl low (r,) frequency limiLs 
of the spin relaxation rate cli stribution in 
b-Mn, found by lilting both the I IET ancl IN6 
quasicla8lic neutron sca ttering rlata to Eq. 
( I) . Th e plot also shows Lil e temperature 
rlepcnclcncc of Lhe NFL parameter. whi ch 
is Keen to rli vcrgc al low tempera tures. 
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T he search for novel pa iring mecha­

' ~isms in the superconducting st.aLe 
has received a large impetu s from Lhe 

discovery of materials where super­

conductivity and long range magnetic 

order coexi st. One actively pursued 

avenue. both theoretica lly and experi­

menta ll y, focusses on explor ing the 

possibil ity that the pai ring mechanism 

is mediated by magnetic fluctuations. 

While residua l magnetic correlation s 

are destroyed by doping in the super­

conducting phase of high-Tr materials 

or by pressure in a set of recently 

inves tigated Ce compounds. it appears 

Lo persist in certa in strongly correla­

ted electron compounds such as 

UPd
2
AI

3
, URu

2
Si

2
, UGe

2 
and ZrZn

2
. 

The Heusler compound YbSnPd2 exhi­

bits singular thermodynamic and trans­

port properties. In zero fi eld. a super­

conducting state se ts in at T, = 2.3 K, 

evolving into a simul taneou s uper­

conducting-antiferromagnetic state 

below TN = 220 mK [1 .2]. Note th at 

antiferromagneti m occur only at very 

low temperatures. deep in the super­

conducting phase. The upper criti ca l 

fi eld for T 0 i unusually small 

(B,2 "' 0.04 T) and lies below the maxi­

mum critica l field ("' 0.05 Tat 1 K). This 

volution of low energy 
antiferromagnetic fluctuations 
in superconducting YbSnPd2 

The Heusler compound YbSnPd, exhibits singular thermodynamic and 

transport properties, with coexistence of superconductivity and antiferro­

magnetism at low temperature. Using a cryomagnet with a dilution insert 

on IN6 we have studied the field and temperature dependence of the low 

energy fluctuations. At all temperatures, and for fields below 1 T, we observe 

a novel excitation characteristic of a magnetic fluid, in addition to the anti ­

cipated Zeeman doublet of a r , ground state. 

Soo 

B oT B 2.5TT 2oomK 

B=o.tT· B=2.5T T= 2oomK 

B=o.3T 8=2.5TT=20omK 

B• tT· B• 2.5TTa 20omK 
6oo 

400 

200 

0 

0 

Figure 1: Q-dependence of magnetic scattering (~E = ± 0.2 meV) by field subtraction tech­
nique at 200 mK. The antiferromagnetic Bragg peaks disappear for B > 0.3 T, whilst the 
local magnetic fluid response persists to 1 T (see details in figure 3) 

peculiar behaviour has been cited as 

evidence for the interp lay between 

superconductivity and antiferromag­

netic Fluctuation s [3.4]. 

To clarify the connection between mag­

netism and superconductivity it is of 

interest Lo characterise the dynamic 

magnetic respon e at a microscopic 

level. We have therefore performed a 

sys tematic inelas tic neutron sca ttering 

study of the magnetic field and tempe­

rature dependencies of the low energy 

magnetic fluctuations in YbSnPd2• 

A high-quali ty polycrys talline sample 

was used for these and complemen­

tary µSR studies [5] . Preliminary work 

on the I 14 (ILL) and TASP (S INO) tri­

ple-axis spec trometers revealed (i) 

enhanced antiferromagnetic correlati­

ons in an energy window± 0.2 meV for 

temperatures 10 T N < T < 50 T and (ii) 

Lhat an applied field of 2.5 T is ufficient 

to quench the magnetic response. U ing 

a 2.5 T cryomagnet with a dilution insert 

on the IN6 time-of-flight spec trometer. 

where th e extended array of detector 

allows simultaneou measurements 

over the whole Bri llouin zone, we inve -



'ii' ·g 
-e 
~ 

·J 
j 

100 

Bo 
16oomK 
T.<T<Tsc 

60 

40 

20 

0 

100 

Bo 
B=o.5T• 2.5T 

-0.2 -0.1 0 0 .1 0 .2 0 .3 

Energy transfer w (meV) 

Figure 2: Inelastic magnetic scattering at 
1.6 K as revealed by the f1 eld subtraction 
technique. in zero f1eld (top panel) and in an 
applied field of 0.5 T (bottom panel). The 
poles of the magnetic l'iuid excitations are 
shown by black arrows and those of the Field 
induced Zeeman doublet by blue arrows. The 
instrumental resolution is indicated by the 
horizontal bar. 

tigated systematica lly the antiferro­

magnetic-superconducting and parama­

gnetic-superconducting ground states 

for 60 mK ~ T ~ 1.6 K (dilution stabi­

lity limit). at fields between O and 2.5 T. 

Noting that the magnetic response within 

± 0.2 meV is quenched at 2.5 T. we 

could deduce the magnetic part of the 

sca ttering at very low energy transfer 

by substracting the signal measured at 

2.5 T (field subtraction technique) . 

F'igure 1 shows the field subtracted 

intensities at 200 mK. integrated over 

± 0.2 meV. We observe Bragg scattering 

at angular positions corresponding to a 

propagation vector [001 ]. confirming 

the antiferromagnetic structure below 

0.3 T and 200 mK. Away from the Bragg 

positions. the wave-vector dependence 

is that of a magnetic fluid with a strong 

suppression of flu ctuation s at long 

wavelengths and a correlation radius of 

the order of the lattice parameter. 

In applied magnetic fields below 1 T. the 

energy dependence of th e magnetic 

fluid spec trum has two components as 

shown in the lower panel of figure 2 at 

T = 1.6 K. i. e. for TN < T < T,. F'irst is 

the anticipated Zeeman doublet with 

splitting rate 200 µeV/r (moment 1. 7 µ8) 

confirming a r1 CEF' ground state [1-4]. 

The Stokes/anti-Stokes intensity ratio 

of this doublet provides an important 

in situ measurement of th e sample 

tempera ture at these very low tempe­

ratures. In addition there is a second. 

low energy. w0 - 20 µeV. excitation. 

which exists for all fi elds below 1 T. The 

fi eld dependent amplitudes at 200 mK. 

shown in figure 3. indi ca te that th e 

excitation of the Zeeman term is redu­

ced for fi elds below 1 T. whil st the 

magnetic fluid contribution is present. 

This observation gives a rational to the 

hitherto unexplained heat ca pacity ano­

malies, where the Schottky response of 

the Zeeman doublet is suppressed for 

applied fi elds of less than 1 T [3.4 ]. 

Our experiments, which confirm antifer­

romagnetic order. O,rm = [00 l]. below T N 

- 220 mK and support a Yb"'" doublet [q 

of effective moment 1.7 µ8 • revea l a 

novel ground state with excitations cha­

racteristic of an unexpected magnetic 

fluid . Th e superconducting state thus 

forms within. and appears to be suppor­

ted by, a phase of strong magnetic co t'­

relations which range at leas t an order 

of magnitude above TN. In view of the 

slow, dynamic, nature of the magnetic 

fluid correlations it appea rs eminently 

worthwhile to establish. by further expe­

riments. if the nominal anti ferromagne­

tic sta te occurring below TN is indeed one 

of true static long range order or. alter­

natively, if it has t11 e nature of a more 

fragile thermodynam ic state uch as 

appea rs to exist in. for example, URu2Si2 

[6]. Technica lly. the novel combination 

of dilution temperatures and va riable 

magnetic fi eld have made it poss ible to 

examine very low energy magnetic exci­

tation s within the resolution window on 

IN6, with in sill/ temperature ca libration. 

Thi s will enable significant progress in 

the interpretation of the anoma lou s 

thermodynamic properties of YbSnPd2. 

YbSnPd, 2oomK 

o.B 

., 
"'O o.6 
~ 
0. 'I E 
et 

0.4 

0.2 

0 

0 0.5 

B(T) 
1.5 2 .5 

Figure 3: Relative intensities of the magnetic lluid and Zeeman poles at 200 mK together 
with the overall scattering amplitude. 
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1 n quantum magnets. such as LiHoF, 

[1] and the "single molecule·· mag­

nets [2]. th e spin ca n be thought of as 

confined to a double-well potential of 

deptl1 D. Thi s situation may ar ise when 

the (2J+ I )-fo ld degeneracy of th e free 

ion groundstate is lifted by low symme­

try of the crystalline elec tric field (CEF) 

to leave a gt'oundstate doublet behind 

whicl1 is separated by D from th e 

energy of the first excitecl state. AL 

temperatures T << D. quasi-classica l 

spin flips across this potential barri er 

are precluded. but spin relaxation can 

still exist and quantum mechanics has 

to be invoked. By ana logy with dipolar 

molecular sys tem s (e.g. the in version 

of ammonia) thi s process ca n be des­

cr ibed as ··tunnelling··. that may be 

resonant (a superpos ition of states) 

or th ermally assisted (excitation bet­

ween states) . In LiHoF." these tunn el-

Figure 1: The two metal sublattices (red and 
yellow) of the oxide pyrochlore compound. 

eutron spin-echo 
and hot spin ice 

The drive towards ever smaller and faster electronic devices has forced scien­

tists to consider quantum dynamics, which governs the interaction of par­

ticles on the atomic scale. The prospect of harnessing such dynamics in new 

technology has fueled interest in areas like spintronics, quantum algo­

rithms and "large spin" magnets that show quantum tunnelling transitions 
between spin states. Examples of these magnets include the di polar mag­

net LiHoF
4 

and "single molecule magnets" such as "Mn.,". However, the inher­
ently weak interactions in magnetism mean that tunnelling is usually only 

observed at millikelvin temperatures. Neutron spin-echo has now played 

a crucial role in unravelling the complex spin dynamics in another large spin 

system: Ho,Ti ,0
7

. This material shows a "spin ice" freezing transition near 

1 K with unusually slow spin dynamics at higher temperatures. Neutron spin­

echo clearly separates the various contributions to the dynamics and sug• 

gests that quantum tunnelling may be the dominant mechanism at tempe­

ratures up to 16 K. It appears that paramagnetic or "hot" spin ice represents 

a completely new class of quantum-dynamical magnet. 

ling processes are provoked by a trans­

verse magnetic J'ielcl . wl1il e in Lhe sin­

gle molec ule magneLs clirecL or ther­

mally ass isted tunn elling is also pos­

sible. Schemes exist to harness such 

effects for quantum computation [3], 

but as Dis small (- 10 Kin Lil-loF , [41 

and -50 Kin Mn ,2 [5]) tl1 e temperatu­

res invo lved are low. witl1 "classica l"· 

processes dominating at T > I K. 

In th e spin ice material s Ho/ ri ,O7• 

Ho2Sn201 and Dy/ri2O1 [6]. the magnetic 

rare ear th ions occupy a cubic pyro­

chlore lattice of corner- linked tetrahe­

dra (figure l ). The magnetic moments are 

constrained by the CEF to loca l <l 11> 

axes . Thi s fru strates til e dominant 

(effectively ferromagnetic) clipolar inter­

actions in Lile sysLem and leads to fro­

zen. non-co llinea r. sp in disorcler below 

- 1 K. The sp in ice state is analogous Lo 

the Pauling hydrogen cli so rcler of water 

ice (I-Ip). with eac l1 sp in equ iva lent to 

a hydrogen displacement vec tot' situa­

ted on the mid-point of an oxygen-oxy­

gen line of contact [6]. The spin ice state 

can be clescribecl with great precision by 

a classica l Ising model. bu t this is not to 

say that the dynam ics are in any sense 

classica l. lncleed. the single ion ground 

state of the spin ice materials is an 

almost pure quantum doublet, separa­

ted by over 200 K from the fi rst excitecl 

state [6. 7]. In this sense the spin ice 

materials must be among the most quan­

tum mechanica l of all magnets. They 

bear an obvious similarity to the quan­

tum magnets discussed above, but in 

spin ice, Lile quasi-classica l barrier is 

much higher - at least 200 K. 

Neutron spin-ecl1 0 (NSE) is a high 

energy- reso lu tion probe that measures 

Llie in termed iate sca tter ing function 

S(Q.L) in the time range t - J0·"-10·• s 

18]. Thi s can be relatecl by Fourier 

Lran sform Lo th e generali secl suscepli-
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l1ilily x'· (O.w) which can Lhcn bC' exLra­

polaLecl Lo v < I 0" I lz for compari on 

with results or bulk ac-suscepLibiliLy 

mca:urements IU-111 . Figure 2 show · 

Lhe norm ali sed relaxa Lion fun ction 

F'(Q.L) = S(Q.L)/S(Q.O) measured for a 

pal crysta lline sa mple or 1102'1\0; on 

I I IC using a neu lron wave I 'ngth or 

5.5 . AL all temperatures l)e tween 

0.05 Kand 200 K the relaxation can be 

filled with exce ll ent precision to a 

imple exponential function 

F(Q .L) = A exp{-v (T) L}. 

where A= 0.91 ± 0.0 I. The frequency 

v(T) ca n IJe fiLLecl Lo an /\i'rhcniu s 

expre sion v(T) = 2 v11 exp(-1~/kT) wiLh 

auempl frequency v0 = 1.1 ± 0.2 x 10' 1 I lz 

and ac tivation energy E: ., = 293 ± 12 K 

( cc in seL lo figure 2). The relaxation 

\\'as rouncl Lo l)c 0-indepenclenL ancl 

along with th e fact Lhat Lhc activation 

energy is close to Lhe nrst group or CF:F 

leve ls I 71. we conclude Lhal it is a sin­

gle' ion spin flip process via one or more 

crystal fi eld leve ls. Th e fact Lhat A-:;,. I 

at - I O 12 s prove· Lhe existen ce or rela­

xa ti on proces es beyond the resolution 

or SE. \\c suggest that lhe:e very fas t 

processes miglll br as ociatccl with 

small incohC'rent osc illations or L11c 

spin about th eir< 111 > ea ·y axes. 

'J)·ansrorming the relaxation fu nction to 

the generali eel susceptib ility we fine!: 

{ v 2( 'l) iwv ( 'l) } 
x (O.w)=x (O) '( 7) , + '('/) ' • v· +w- v- +w-

where we have as umecl kT >> Tiw. 

Thi s function wa s used to cxtrapolaLe 

the SI~ rcspon ·e in to the ac-suscep­

tilliliLy frequency window. sugges ting 

thal a peak of LhC' bu lk SU CC' ptibilily x' 

should be obse rvecl around 1G K. Thi s 

peak has subsequentl been detected 

by ac-su ·ccplibi lity 112]. 

Thr 1S1~ results prove thaL any clas •i­

ca l Hamil Loni an for ll o/ l'i 20; mu st 

inclucle a barric1· LO pin inver ion or 

-300 K. I L Lhrrdorc comes as some 

surpri e that the ac- ·u ·ceplibilit x' 

sliow another maximum al lower tem­

peraLure where the barrier is insur­

mountable. The spin flipping transitions 

in thi range must invol e quanLum 

Lunn lling between cl generate "spin 

up" ancl "spin clown" talc on Ho1• 

ion . The usceptibility hows a second 

peak at - 1 K f61 associatecl with an acti­

vation energy E; "' 20 Kand attempt 

frequency v0• ~ I 010 Hz. clue lo a pro­

cess taking place on a clilTerC' nt rnerg 

ca le. If this . econd process coulcl be 

e trapolatccl in LO the NSP. Lime winclow. 

il would be visible above -4 K. The fac t 

that il is nol is consi Lent with clynamics 

that art' slow ancl roughly tempcra­

turc-inclepcndent in this range. a furt­

her signature or quantum LUnnclling. 

Whal is the origin or the quantum dyna­

mics observed by SE? In spin ice. 

neighbou ring spin s are fi,ecl almost al 

rigl1 tangles and subject each other to 

strong dipolar fi elds. \Ve uggcst tliat 

Lhe lransver e co mponent of the 

effec tive clipola1' fi elcl causes Lile sin­

gle ion ground tate Lo no longer be a 

pure doublet. ind ucing a fin ite rate of 

sp in in vers ion Lllat i approx imately 

temperaLUre-inclepenclcnL. The 'e ne\\' 

quantum channels of relaxa tion are 

only po •sible in L11 e "hot" paramagne­

tic phase where the mean fi eld is zero. 

Freezing into Lh e spin ice ph ase al 

~ I K ex tingu ishes these channel · b 

e tablishing a mean field . 

The unique intera lion in spin ice arr 
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Figure 2: SI•: resulls rur llo,Ti,O,: (Lop) 
Integrated OH'r all () and filled to an expo­
nentia l function . (bottom) as a runction or 
() . indica ting negligible (}-dcpcn<lcnre. The 
inset sho\\'s the l\rrhenius behaviour or 
this r'Claxalion. willr some clata points ad<l<'cl 
from an cxpr r imcnl performed al IN6. 

thu s seen lo play a cru cial rol e in this 

proccs •. nlike I ,ii loF1. the strong clipo­

lar interac tions in I lo}\O, arc frustra­

LC'd lly l11e enormou single ion aniso­

tropy. Thi s prevents the deve lopment 

of a correlation length and retains a 

trong Lran svcr e co mponent of Lil e 

insta ntaneous clipolar field. Whilr quan­

Lum tunnelling in LiHoF 1 ca n only lle 

inLroduce cl by applying a ficl cl. in 

Ho)\O; Lhe fi eld i · intrinsic. The large 

energy sca les in 11011\0; also mean 

llial quanLU m Lunnelli ng persisLs to a 

higher temperature than in other quan­

tum magneLs. In l1ort. NSE has revea­

led a completely new class of quantum 

dynamica l magnet: "hot" 'pin ice. 

' 3 
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Single Molecule Magnets (SMM) 

are clu ters formed by a finite 

number of exchange-coupled transi­

tion-meta l ion (1 ]. They exhibit many 

interesting properties. uch as magne­

tic bi tability and slow relaxa tion of 

the magneti sa lion. Macroscopic SMM 

amples are a collection of perfectly 

idenlical and wea kly interacting clus­

ter . allowing to ob erve quantum­

mechanica l effects through macrosco­

pic mea urements [2 ]. Moreover, the e 

compounds are promi ing For several 

technologica l applica tion . such as 

quantum computing and high-density 

data torage. 

A ring-shaped cluster con isting of eight 

Cri" ions (chemica l Formula: Cr~F8Piv10• 

where Piv = piva lic acid) ha been 

recently synthesised [3]. Susceptibility 

measurements suggested an antiferro­

magnelic (AF') interac tion between the 

Gr"' ions. with an energy splitting of 

about 0.8 meVbetween the S= 0ground 

state and the S = 1 first excited state. 

We have prepared 4 grams of non-deu­

terated polycrys talline sa mple using 

the procedure reported in [3]. and che­

cked th e sa mple integri ty by X-ray dif­

frac ti on at room temperature. Th e 

molecular structure of the cyc lic clus­

ter is shown in figure 1. The system cry-

ta llise in the P42,2 tetragonal space 

agnetic transitions 
in a Cr8 antiferromagnetic ring 

Inelastic neutron scattering has been used to determine exchange integrals 
and single-ion anisotropy parameters in a ring-shaped molecular cluster 

made by 8 er ions. Effects due to the mixing of different spin multiplets pro­
ved to be an important ingredient of the physics of this system. Evidence 

of decreasing lifetime with increasing energy of excited spin states was found. 

F'igure I : 3D vi ew or the tetragonal er. unit cell (dotLed line). Large blue spheres are Cr 
atom . medium green and light-blue spheres are rand O atoms. respectively. and small 
red spheres are C atoms. H atoms, disorder'Cd solvent molecules and methyl groups arc 
not shown for clarity. 

group. The Gr ions form an almost per­

fec tly planar oc tagon. with a slightly 

distorted oc tahedral environment and 

an average intramolecular Cr-Cr dis­

tance of 3.388 A. High-energy resolu­

tion inelas tic neutron sca ttering expe­

rim ents have been carried out on th e 

time-Focuss ing, Lime-of-flight spectro­

meter I 6 at ILL [4J . An energy-trans­

fer range up to 4 meV in neutron­

energy- lo s has been explored. with 

different spec trometer configurations 

co rresponding to energy reso lution 

from 50 µeV to 170 µeVat the elas tic 

peak. The instrument cove rs a wide 

range of scattering angles (from 10 to 

114 degree ) . corre ponding to a maxi-

mum momentum transfer of O = 2.6 A- 1
. 

Iso tropic exchange is th e dominant 

interaction in these sys tems. The mag­

nelic energy spectrum consists of many 

spin multiplets plit by ani so tropic 

interac lions. such as th e local cry Lal 

field and dipolar interaclions [5J. Neu­

tron spec troscopy provides direc t 

access to the energies and wavefuncLi­

ons of the different spin states of the 

magnetic clusters. The !owe t energy 

levels for Cr8 are shown in figure 2. 

The neutron spectra measured on IN6 

with incident energies of 2.35. 3.86. 

and 4.86 meV are shown in figure 3. 

With th sample at T= 2 K. the exci­

ted state are not populated. In the 
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Figure 2: Lowest energy spin multiplets 
calculated ror tetragonal Cr11 assuming iso­
tropic exchange in teractions only, with 
parameters corresponding to the best fit 
of INS spectra. 

energy range explored, th e allowed 

transition s (with se lec tion rule 

11S = 0.±1 and 11M = 0.±1) are only 

those between the IS=0;M=0> ground 

state and the IS=1;M=0,±1> levels. 

The zero-field splitting of the fi rst exci­

ted S=1 mul tiplet is well resolved. On 

increasing the tempera tu re, the exci­

ted levels become progressively popu­

lated and transitions between them 

can be obse rved. offering the possibi­

li ty of studying the details of the spin 

Ham il tonian and of determin ing the 

strength and topology of the exchange 

interaction s. At T = 12 Kand below 

4 meV, transitions from the IS=1 > fi rst 

excited state to IS=2> and to other 

IS=1 > mul tiplet leve ls are clea rly visi­

ble, together with a IS=2>---+ IS=3> 

transition. At higher temperatures. 

tra nsitions from th e gro und state 

almost vanish. due to the thermal popu­

lation of many excited levels. 

The experimental spectra have been 

reproduced using a microscopic spin 

Hamiltonian and the parameters des­

cribing the in tra-cluster interac tions 

have been determined by a best-fit pro­

cedure. The most important effects due 

to th e mixing between different spin 

mul tiplets have been taken into 

account. These errec ts have proved 

important in determ ining the details of 

the neutron resul ts. in particular they 

change the ratio between the in tensi­

ties of the peaks at - 0. 7and - 0.9 meV 

by more than 20%. The spectra calcu­

lated using the bes t-fit parameters are 

shown by solid lines in figure 3. An 

in teres ting fea ture is the broadening of 

the transitions between excited multi­

plets. a signal that the li fetime of the 

excited states becomes shorter as the 

energy of the level increases. 

To correc tly reproduce the experimen­

ta I da ta, a rhombic term [5 ] in the 

crysta l-field Hamil tonian is necessa ry. 

In principle. thi s second-order in-p lane 

anisotropy is not allowed by the C, 

symmetry exhibi ted by the cluster at 

room temperature. thus giving evi­

dence that a low temperature distor­

tion may take place. Preliminary neu­

tron diffraction experiments confi rm 

thi s assumption [6]. 

The detailed knowledge of the micros­

copic in teractions in molecular magne­

tic clusters is essential to make possi­

ble a rational design of these systems. 

Indeed, a large Ising-type an isotropy 

barrier for spin reversal, U, is essen­

tial fo r the realisation of a single-mole­

cule magnet to be used in information 

storage devices. The system with the 

highest barrier discovered so fa r is 

Mn 12-acetate. for which U = 61 K. 

Thi s va lue is far too small for prac ti­

cal applications. but the synthesis of 

magnetic clusters with sizeably hig­

her anisotropy appears to be a difficul t 

challenge. A deeper understanding of 

the or igin of the magnetic aniso tropy 

in SMM is necessary to achieve sub­

stantial progress and neutron sca tte­

r ing may prove to be an important too l 

to shed light in thi s matter. 
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Figure 3: Inelastic neutron scattering results 
for Cr11 at 2 K (red triangles) and 12 K (full 
circles). recorded on IN6 with an incident 
neutron energy of (upper panel) 2.35, (cen­
tral panel) 3 .86 , and (lower panel) 
4.86 meV. Intensities integrated over the 
whole scattering angle range are shown as 
a function of energy transfer. The empty 
sample-holder contribution (red line) has 
been subtracted after normalisation for 
absorption . Excitation peaks are labelled 
by indicating the total spin of the initial and 
final multlplet involved in the transition. 
The spectra calculated using the best-lit 
parameters are shown by solid lines. 
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Structure matters 

Participants in the rtJCr-2002 Satellite Meeting: Crystal Chemistry of New Materials & Soft 
Matter studied by Synchrotron & Neutron Diffraction, held on the ll,l/ESRF site in August 2002. 

Colin Carlile checks the arrival of the new super-D28 detector from 
.Eurocollimators, with Peter Cross and Pierre Thomas. 

The S18 interferometer team: from left to righ t, Simon Mayer, 
Rudolph Loldl and Frangols Dubus (Atominstltut Wien) . 

Andrew Wills, UCL, University of London. 



Thomas Hansen, 
College 5A Secretary 

Termal neutrons are still, in 

many senses, unique probes for 

condensed matter research. 

This is not only the case for the explo­

ration of magnetic structure, exploi­

ting the neutron's magnetic moment, 

nor for the investigation of atomic dyna­

mics, making use of its kinetic energy 

close to the energy range of collective 

excitations in solids and liquids. The 

neutron's zero-charge makes it an ideal 

probe for exploring atomic structures 

in condensed matter, particularly in 

crystalline materials (single crystals or 

polycrystalline samples). As the neu­

tron interacts only through short-ran­

ged nuclear exchanges, the interaction 

probability is small, and it can usually 

penetrate into the bulk of larger sam­

ples or through sample containers and 

shielding materials of complex sam­

ple environment, such as furnaces or 

fridges. Its zero-charge brings as a furt­

her advantage over X-ray or electron dif­

fraction the independence of its scat­

tering length to the number of electrons 

around an atom, which varies so arbi­

trarily over the periodic table and per­

mits distinction of isotopes. Additio­

nally there is a delivery of better infor­

mation at high scattering angles, far 

in reciprocal space, as the nuclear scat­

tering length is constant due to scatte­

ring at the nucleus, which can be con­

sidered as a point source. 

As a brand new machine for single 

crystal diffraction, VIVALDI made its 

"debut" in 2002, and it was in fact a 

great comeback of the Laue method in 

the ILL's diffraction group, as shown, 

among many other examples, on the 

investigation of tiny crystals of vitamin 

Chemistry and structure 

812 as an important part of a "X-n" investigation of the molecules electron density. 

Single crystal diffraction experiments on 019 permitted the precise localisation 

of hydrogen in different key compounds containing special hydrogen-bridge bon­

ding systems. Together with 09 the temperature dependence of the thermal 

motion of naphthalene could be studied due to the neutron's ability to locate 

hydrogen and precise anisotropic displacement parameters. 

High resolution powder diffraction performed on D1A or 02B elucidate the filling 

of zeolite cages with organic sorbates or the formation of copper-nitrosyl comple­

xes by NO absorption in zeolites, or help to understand the amorphous polymor­

phism of water via its relation to liquid and high pressure crystalline phases. 

Chemistry means not only the knowledge of the "static" localisation of atoms in 

a sample, but as well the understanding of the changes going on microscopically 

during a phase transition or a chemical reaction. High intensity powder diffraction 

on 018 and 020 allows for in situ investigations of phase transitions under the effect 

of temperature or pressure. The particularly high intensity of 020 allows for time­

resolved studies on chemical kinetics, so in the continued work on the self-pro­

pagat ing high temperature synthesis of Ti
3
SiC, where full diffraction patterns 

were recorded every 400 ms. The formation of methane- and CO, clathrates plays 

a role in problems of deep sea petrol drilling or might become interesting in view 

of a possible deep sea deposition of CO,. The kinetics is an example for a slower, 

but rather complicated reaction mechanism, as different stages have to be distin­

guished on quite different time scales from seconds to days. 

The upcoming year will see important upgrades to both powder diffractometers 

02B and 020. 02B will become super-D28, providing a gain of half an order of mag­

nitude in detected intensity due to its new bank of more and higher single 

detectors. It will allow more easily to choose its very high resolution mode wit­

hout spending too much time, or to perform a higher number of measuring points 

in multi-parameter space of temperature, pressure or chemical composition to map 

crystallographically phase transitions needing D28's high resolution. 

On the other hand, higher take-off angles, exploiting a new germanium mono­

chromator, will become available on 020, providing higher resolution with a still 

high counting rate due to its large position sensitive detector. Both upgrades will 

close a gap between high intensity on 020 and high resolution at 028, providing 

new scientific opportunities (and the need to know exactly the need in terms of 

wavelength, resolution and intensity of a powder diffraction experiment). 

And, finally, 019 will be equipped with part of its new large position sensitive 

detector array, accelerating long experiments on complex organic and organo­

metallic crystal structures and small samples already in 2003, and push fibre 

diffraction work at ILL. 

We are confident that these upgrades will maintain a very lively research acti­

vity in chemistry and crystallography in spite of the reduced number of reactor 

cycles and the delay of hot neutrons in 2003! 
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I nterest in ionic conducting solids 

has increased in recent years 

because of their potential application 

as so lid electro lytes in batteries. fuel 

ce lls and oth er elec trochemica l devi­

ces . LiyLa 213 _y13Ti03 perovskites . with 

O<y<0.5, are among the best Li-ion 

conductors, showing a de conductivity 

of 10·3 Siem at room temperature. Since 

x =O X=0.2 x =0.5 
5.4712 (3) 5.4 799 (1) 5.4868 (1) 

13.4046 (7) 13.4230 (7) 13.4239 (5) 
347.49 (3) 349.08 (2) 349.999 (2) 

5.18 5.86 5.29 
7.23 7.89 7.19 

3.93 3.62 2.88 
3.75 2.98 2.55 
7.67 3.36 2.66 

La occ 0.504 (10) 0.498 (10) 0.501 (11) 

B.,, 0. 10 (3) 0.25 (6) 0.68 (7) 

3* (Li occ) 0.495 (40) 0.210 (30) -

B., 10.1 (9) 9.2 (9) -

Na occ - 0.177 (20) 0.480 (20) 

B,., - 0.25 (6) 0.68 (8) 

TI B .. 1.08 (12) 0.51 (7) 0.48 (7) 
Ox 0.5317 (5) 0.5397 (3) 0.5396 (3) 

B .. 1.75 (8) 1.29 (9) 1.02 (8) 
TI-0 1.942 (2) 1.949 (2) 1.951 (2) 

(M-OL 2. 739 (2) 2. 744 (1) 2.744 (2) 
(Li-OJ_ 1.939 (9) 1.943 (8) -
(0-0), 4.121 (5) 4. 190 (5) 4.1 92 (5) 
(0-0). 3.632 (5) 3 584 (5) 3.588 (5) 
TI-0-TI 169.8 (4) 167.3 (3) 167.4 (4) 

Tobie I: Structura l information deduced 
from refinement of ND patterns of Li0_,. 

,Na,La0 ,Ti03 samples. Thermal factors of 
La and Na cations were constrained Lo 
vary together during refinement 

tructural analysis 
of Li-ion conducting 
perovskites Li0 _5_Jlax La0 _5 Ti03 

In order to understand the influence of the crystal structure on Li -ion con­

ductivity of Li05 _x NaxLa0 Ji03 perovskites, ND patterns of Li 0 _5 La 0 Ji03 , 

Li03Na0 ,La05Ti03 and Na0/a0_5Ti03 samples have been analysed. The Rietveld 

analysis of these patterns shows that Li ions are located at the centers of 

the faces of the primitive perovskite unit cell, and La and Na ions are dis­

tributed randomly at A sites of the perovskite. Therefore the number of vacant 

A sites increases with lithium content but decreases with La and Na con­

tent. The sharp decrease observed in de-conductivity when the sodium 

content increases above x = 0.2, is interpreted in terms of a three-dimen ­

sional percolation limited diffusion of lithium ions. This result confirms the 

important role played by vacant A-sites on Li mobility. 

the discovery of their outstanding elect­

rica l properties. severa l groups have 

investigated structural features of these 

perovskites: however. the conditions 

that enhance Li mobility have not been 

complete ly identified. 

A previous study of perovskites 

LiyLa2/3-y/.l Ti03 showed that. depending 

on Li content, the symmetry of sam­

ples can be orthorhombic (0.04<y<0.20) 

or tetragonal (0.20<x<0.5) [ 1 ]. In this 

series, the distribution of La and vacant 

A sites becomes progressively ordered 

in alternating planes along the c-axis 

when the Li content decreases [2.31. 

When samples are quenched from 

1350"C into liquid nitrogen. the structure 

becomes rhombohedral with unit ce ll 

parameters ✓2 a. ✓2 a, 3✓2 a [4]. In the 

former materials. two-dimensional dis­

placements are favoured. However, in 

the latter compounds a three-dimen­

sional behaviour is detected. 

In the LiyLa21J.y/.l Ti03 series, the conducti­

vity va lue increases slightly with the 

lithium content, passing through a small 

maximum at y = 0.33. In the 

Li0,"Na,La05TiQ3 series, a sharp decrease 

8ooo 

· 2000 
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20 40 6o 8o 100 120 140 
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Figure 1: Rietveld refinement of the ND pair 
tern of the Li0_,Na0_2La0_,TIO,. sample. recor­
ded at 298K, assuming the R-3c space 
group. Bars correspond to Bragg peak 
positions. The difference prol1le is shown 
underneath. 

in de-conductivity was observed when 

the sodium content increased above x = 

0.2, which has been in terpreted in terms 

of a three-dimensional percolation limi­

ted diffusion of lithium ions [5,6). 

In order to analyse the influence of 

two alkaline cations (Li, Na) on con­

ductivity of Li05_,Na,La05TiQ3 perovski­

tes, NPD patterns of Li0_5La0_,Ti03, 

Li03Na02La0 5Ti03 and Na0_5La0_5Ti03 sam­

ples were recorded at increasing tem­

peratures (300-700 K) with the D1A 

diffrac tom eter (A = 1.91 3 A). In all 

cases a rhombohedral R-3c symmetry 

was found. and the unit-cell parame-



ters remained essentially unchanged 

along the seri es. RB and Rwp fac tors 

obtained in the Rietveld analys is were 

always below 3.9% and 7.9% (see 

figure 1 and table 1 ). 

The structural analysis of these sam­

ples showed that Li ions are located at 

the centers of the faces of the primi­

tive perovskite unit cell, whereas La 

and Na ions are distributed at random 

at th e A sites of th e perovskite 

(figure 2). Location of lithium at the 

fa ce-centers of the perovskite unit-cell 

implies that the amount of vacant A­

sites involved in conductivity is con si­

derably higher than that deduced from 

th e structura l formul a. Thi s fa ct 

exp lains high va lues of de-conducti­

vity measured in Li-rich perovskites. 

The octahedral tilting (a·a·a- in Glazer's 

notation) produced Ti-0-Ti angles nea r 

16 7° and an oblique distortion of unit cell 

faces that impeded Na ions from passing 

through the square windows that con­

nect contiguous A sites of the perovskite. 

Thermal factors deduced for Li are con­

siderably higher than those deduced for 

Na, indicating that the mobility of Li• ions 

is much more important than that of Na· 

ions (see table 1). In three analysed 

cases. octahedral tilting decreased when 

temperature increased. 

Taking into account the fact that Na 

atoms preferentially occupy A-sites, 

we have con sidered a percolation 

model in which A sites associated with 

Li ions are vacant and participate in 

ionic diffusion . but La3• and Na• ions 

occupy A sites blocking conduction 

pathways of the perovskite. In thi s 

model. the vacancy distribution is ran­

dom and the de conductivity is given by 

the expression cr11,=K(n-np)2• where n 

is the number of vacant A-sites and 

np is the percolation threshold for a 

three-dim ensional cubi c network 

(n.,"" 0.31 ). In agreement with th ese 

Figure 2: Elementary pseudocubic unit­
cell of perovskites. indicating Li and Na 
locations. 

predictions. th e ion conductivity 

decreases dras ti ca lly nea r the perco­

lation t11res hold (see figu re 3a). 

Based on these structural results. the 

number of vacant A-sites should corres­

pond to the sum of nominal vacancies 

plus Li content. F'rom thi s fac t. th e 

number of vacancies that participate in 

lithium diffusion should be ca lculated 

as the sum of nominal vacancies plus 

LLTO 

0 .0 0 .2 0 .4 

[Li] + vacant 

the Li content. n = [Li]+O. Substitution 

of Li by Na ions reduces the number of 

vacant sites n. When the number of 

vacancies decreases below the perco­

lation threshold. n /! = 0.31. the con­

ductivity of Li0 5-,Na,La05TiQ3 perovski­

tes decreases by six orders of magni­

tude, from 10-3 to 10-10 Siem [5]. In the 

case of the Li,La213-,13Ti03 series. where 

n>0.31, this situation is not reached. 

These con siderations are illustrated in 

figure 3a . where we have plotted room 

temperature de-conductivity data for 

both th e Li,La 21:1_,13TiQ3 and th e 

Li05_,Na,La0,.TiQ3 series as a function of 

n. Th e results obtained confirm the 

important role played by the number of 

vacant A-sites on the Li conductivity of 

these perovskites. Above the percola­

tion threshold. the number of conducting 

paths is important; however. below the 

percolation threshold only local moti­

ons are poss ible (see figure 3b). 

Percolation in 
Li0_,.,Na,La0 _, TIO, 

Figure 3: a) Room temperature de conductivity of Li0 5_,Na,La05TiO, (blue circles) and 
Li,LavJ-,,.,TiO" (open circles) versus lithium plus vacant A-sites. RT de-conductivity values 
are <10-10 Siem (our experimental resolution) for samples with n<0.3 b) Schematic illus­
tration of lithium diffusion paths near the percolation threshold. 
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0 ne or Lhe most interes Ling ph e­

nomena observed in mangani te 

perovskite sys tems is Lhe so-ca lled 

pha se separation phenomenon. The 

competiLion of Lh e elec tronic and laL­

Li ce degrees of freedom can lead to 

L11e formation of sub-micrometer regi­

ons with different crysta llographic 

structures in Lh e laLLice . Pha se sepa­

ration has been observed in severa l 

manganiLe oxides [1]. 

The uniL ce ll of the high temperature 

crys tal structure of CaMnp 12 is shown 

in figure 1. The low temperature phase 

is Lrigonal and iL corresponds to a dis­

tortion of th e cubic structure shown in 

figure 1. The unit cell is compressed 

along one of the <111 > cube diagonals 

and the angle between Lhe former cubic 

axis. ca lled thereafter Lile pseuclocubic 

angle. becomes larger Lhan 90 deg. In 

the case of CaMn 10 12 the pseudo-cubic 

angle is about 90.33 deg [2]. 

The neutron powder diffraction measu­

remen Ls have been performed on Llie 

high reso lution diffractometer 02B. 

ILL Grenoble. operating aL a wave­

length of 1 594 A [2] Complementary 

sLucli es were performed by takin g 

adva ntage of th e high resolution syn­

chrotron radiation diffrac tion beam­

line BM-16 at ESRF. The aclva ntage of 

SR cliffraction is higher reso lution and 

Phase separation 
in the manganite system 
CaMn

1
0

12 

The structural phase transition in CaMn,0
12 

has been investigated by using 

high resolution neutron powder diffraction. The measurements show a 

phase coexistence phenomenon between 410 Kand 448 K, where two dif­

ferent crystallographic phases coexist in the material. The first, low tempe­

rature phase, is trigonal and it has charge ordering of the Mn3• and Mn•· ions, 

while the second, high temperature phase, is cubic and charge delocalized. 

The volume fraction of the high temperature phase increases with tempe­

rature from zero at 400 K up to 100% about 460 K. In the phase separation 

region both phases are built of domains with a size of at least 150 nm. 

hence grea ter sensitivity to domain 

sizes . On the other hand neutron dif­

fra ction is more sensitive to Lile posi­

tion s of the oxygen atoms. Represen­

tative parts of the neutron diffraction 

patterns are shown in figure 2. One can 

see that the peaks clu e Lo both the tr i­

gonal and cubic pha ses coexist in a 

large temperature interva l between 

418 Kand 448 K. The Bragg peaks clu e 

to both pha ses are clearly separated. 

and from th e width of the diffraction 

peaks one can es tim ate that the corre­

lation length of both pha ses is at least 

150 nm. 

Th e concentration or the high-tempe­

rnture phase is shown in figure 3a. 

Starting from zero at 400 K, the con­

centration increases linea rl y with tem­

perature. approaching 50 % nea r 

440 K. Then it starts Lo increase fa s­

ter reaching finally 100 % at 460 K. 

Thi s result shou ld be compared with 

resistivity measurements of CaMn 10 12 

[3]. wh ich show a sharp decrease of 

one order or magnitude between 440 K 

and 450 K. 

The unit cell volumes of both phases are 

shown in figure 3b and one can see 

that the unit-ce ll vo lume of th e co n-

ducting high temperature pha se is 

smaller that the corresponding unit-cell 

vo lume of the insulating low tempera­

ture phase. Sin ce the number of ions 

is the same in both uni t ce ll s, the low 

temperature insulating phase has a 

smaller density. IL is also interes ting Lo 

note that the pseudocubic angle. shown 

in figure 3c has a minimum at about 

440 K. i. e. wh en the concentration of 

the l1igh temperature phase becomes 

larger Lhan 50 %. Thi s impli es that 

Pigure 1: Schematic representation of Lil e 
unit ce ll of Lile high temperature cubic 
phase or CaMn,0 12 . The Ca.Mn and O ions 
are shown as blue. red and grey circles. 
respectively. The MnO,. octahedra of the 6 
oxygen ions around each Mn ion are shown 
in ye llow. 



500 

000 

500 

6.10 6.15 

Qfkl 
6 .20 

Figure 2: RcpresentaLive parts orthc neu­
tron powder diffrac tion pattern s or 
CaM n,o ,, measured at the phase separa­
tion tempera tures. Solid circles represent 
measured rial.a. and the lines arc shown to 
gu irle the eye. Q is the length of' the scat­
tering vector 0=(4 rrlA) sin0. where the 
scattering angle is 20. The pattcms mea­
surer! at different temperatures arc ve rti ­
ca lly shilkrl ror clarity. 

L11e sLru cLural propcrLi cs or Lhe low 

LemprraLure pl1 asr sLarL Lo change' 

when iL becomes a minoriLy pha se. 

Th e concentraLion or Lhe high Lempe­

ra tu re phase (figure 3a) as well as Lhe 

uniL ce ll vol umes (figure 31i) and Lhe 

value or Lhe pseudocubic angle (figure 3c). 

deLerm in ed on eiLher warming or coo­

ling. are slighLly differenL wl1 icl1 shows 

thaL Lhe Lransition is of first order witl1 

a hysteres is or a few degrees Kelvin. 

Th e present sLuclies clear ly sl1 ow that 

th e elec tron ic propert ies of th e Mn 
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ion s in both phases arc different. IL 6°1.5 

can be conclu cled Lhat in CaMn,O12 it is 

more ravourall le Lo main Lain large clus­

ter:-; or Lhe high Lemperature pha se 

growing in a matrix or low tempera Lure 

ph ase. raLhe1· Ll1an Lo contin uously 

change rrom one Lo L11 c oLher sLru cture. 
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Figure 3: Temperature clcpcnrlencc or (a) 
the high temperature phase concentration. 
and (h) the normalizer! unit ce ll volumes or 
the trigonal low tempera ture ph ase (trian­
gles) amt the cubic high temperature phase 
(circles). Th e va lues of th e psc ucloeuhic 
angle arc shown in (c). The full symbols 
show va lues measured with warm ing bet­
ween the Lempcrature steps. lhe open s~1m­
lx1ls were measured with cooling. 
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a O and L21 are two similar 

3 cubic structures with 

the same space group. Both structures 

can be described by four f1, i=1 to 4 

interpenetrating fa ce centred cubic 

sublattices. In the D03 structure there 

are only two different occupancy pro­

babilities. one for the f1 sublattice and 

th e other for the f23 4 sublaLtices 

respectively (see figure 1a). In con­

trast, the L2 1 structure shows three dif­

ferent occupancies for the sublattices 

f1• f2 and f34 respectively (see figure 1 b). 

Neutron powder diffraction is a power-

. ft 

• fa,3,4 

D03 

iscrimination between 
L21 and oq structures 
in metallic alloys 

Powder neutron diffraction and Rietveld analysis in texture free samples allow 

us to distinguish in a simple way between different possible crystallographic 

structures. This procedure is applied to two different alloy systems of high tech­

nological interest, the high temperature phase of Cu-Al-Ni shape memory 

alloys and the FeCoSiBCuNb nanocrystalline system. In both cases, the discri­

mination between D03 and L2 , structures has allowed to determine the actual 

crystalline phases that control the basic characteristics of these systems. 

ful technique to distinguish these 

structures by means of the Rietveld 

method . This technique has been 

applied to Cu-Al-Ni shape memory 

alloys (SMA) (24-27 at% Al and 

3-6 at%Ni) and nanocrystalline 

Fe735_,Co,Si 135B0Cu 1Nb3 magnetic alloys 

(NMA) . These are two alloy systems of 

very different technological interest 

[1 .2) which present phases associated 

to this kind of order. In both cases. it 

. ft 

. fa 

e f3,4 
L21 

is not possible to distinguish between 

both structures by X-ray diffraction 

since the atoms involved in the orde­

red phases (Cu - Ni and Fe - Co) have 

almost the same x-ray atomic structure 

factors. 

The type of order of the high tempera­

ture phase controls the characteristics 

of the martensitic transformation in Cu­

AI-Ni SMA. On the other hand, the order 

of the crystalline precipitates in nano­

crystalline Fe73 :;.,Co,Si 135B9Cu 1Nb3 alloys 

determines the macroscopic magnetic 

properties of the alloy. In both cases, the 

discrimination between both D03 and L2 1 

ordering is required in order to under­

stand the mechanisms involved in the 

behaviour of these alloys. Neutron 

powder diffraction (D20 for SMA and 

D1 B for NMA) measurements have been 

performed at room temperature in a 

Figure 1. D03 and L2, crystallographic structures. 6ooo 

Figure 2. Experimentally measured neutron diffraction pattern ( empty 
dots), the fitted pattern (full line) assuming an L2, structure. and the 
difrerence between the measured and ca lculated profiles (bottom of 
the diagram). Polycrystalline samples obtained from powder after Hot 
Isostatic Pressing are texture free thus forming idea l powders for dif­
fraction studies. 
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Cu-27.4 Al-3.6 i at.% ordered alloy and 

in two Fe73f>-xCo,Si,J5BUCu, bJ (X= 0 and 

45) alloys. 

Figure 2 shows th e powder diffrac tion 

pattern co rre ponding to th e SMA 

(empty dots). the Rietve ld fitting. assu­

ming a L2, crys tallographic structure 

and th e standard differences between 

both measured and ca lculated profiles 

(solid line at the bottom of th e dia­

gram ). The experimental spec trum was 

also fitted to a DO3 structure in order 

to compare with th e L2 , order. The 

occurrence of the DO a or L2, strucLU­

res can be distinguished through the 

relative in ten ity of the smallest super­

latLice diffraction peaks (indica ted by 

arrows in figure 2). As figure 3 how . 

the best fit is obtained as uming an 

L2, structure where the Ni atoms are 

loca ted on the fJA sublaLLices a neares t 

neighbour to Al atoms [3]. The type of 

order changes the nature of the mar­

tensitic phase and th e characteri stic 

transformation temperatures. 

On the oth er hand. figure 4 hows the 

room temperature neutron diffrac-
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Figure 3. Experimental measured data (empty clots) . the 11LLecl pattern assuming an L2 , 
structure (full line) or a DO, structure (cla heel line) . 

tion pattern s For nanocrystallin e 

Fe73r._,Co,Si 13 580Cu 1 b3 alloys with 

x= 0 (a) and x= 45 (b) . Firstly. the I• e­

based sa mple (x = 0) is characteri sed 

by the precipitation of Fe3Si with the 

DO, superstructure as shown in fi­

gure 4a. The inclu ion of Co atom s 

change the structure of the precipita­

ted crystalline phase to an L2, structure 

(figure 4b). where the Co atoms are 

loca ted on the f3, sublatLice as nea rest 

neighbour to Si atom . Aga in. the dif­

ference between the DO3 and L2, pha­

ses is directly reflec ted in the relative 

in ten itie of the (111 ) and (200) super­

latti ce refl ec tions ( ee figures 4a and 

4b). The inclu ion of Co atom in the e 

(a) 

'i,\ 
r'5 

.!:) 

1 
~ 

position s increases th e magneti c 

moment of the precipitated crystalline 

phase with respect Lo the Fe base sam­

ple. and drastically changes the high 

temperature behaviour of the alloy [ 4]. 

In summary. the difference in the neu­

tron sca ttering factors for Ni-Cu and 

Fe-Co atoms promotes differences in 

reflec tion intensities depending on the 

kind of order (DO3 or L2,). The analy­

sis of neutron powder diffraction pat­

tern by the Rietveld method allow 

us to elucidate the ac tual order in the 

crys talline pha es that determine the 

macroscopic behaviour of these alloys. 
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Figure 4. Room temperature neulron diffraction patlern ror nanocry­
sta llin Fe,, ,.,Co,Sl ,,,B.Cu, b, sampl es ror (a) x = 0 and (b) x = 45. 
The olicl line repre ents the Rletvelcl refinement. The tandarcl diffe­
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bottom of the diagram. Randomly oriented nanocrystals precipitated 
In an amorphous matrix are texture free. 
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Te study of composition and 

structure on the properties of mate­

rials is one definition of materials 
science. An interdisciplinary science, it com­

bines aspects of physics, chemistry, metal­

lurgy and engineering to understand real­

world problems of real-world materials. The 

broad range of neutron scattering techni­

ques available at the ILL, yields a range of 

information in this diverse subject area and 

many of the experiments have a close 

bearing on industry and engineering. 

Since the discovery of high temperature 

superconductivity (HTSC) in cuprate sys­

tems almost 20 years ago, neutron scattering 

has contributed much to the understanding 

of the effect. The ILL has maintained its posi­

tion at the forefront of this research, which 

is demonstrated by two contributions to this 

year's annual report. The first, follows the 

recent discovery that the standard laboratory 

chemical MgB, displays SC up to -40 K. The 

high availability and low cost of this mate­

rial make every day SC devices more feasi­

ble - albeit below-230°C! Its structural sim­

plicity also makes it an ideal model for more 

fundamental studies into HTSC. Schober et 

a/ have shown that SC decreases with increa­

sing Al-doping, which they rationalise as 

be ing due to a break- down of the Born­

Oppenheimer approximation. In essence, 

the HTSC of MgB, is due to the high fre­

quency vibrations of the boron atoms, obser­

ved here in the densities of states measured 

on I N6. The second example of cutt ing-edge 

HTSC research at ILL is that of Mesot et al. 

The phase diagram of type-I I supercon­

ductors is well understood with a vortex lat­

tice (VL) present between two critical fields 

at any given temperature up to T,. The VL is 

effectively the confinement of the magnetic 

field leaking into the superconductor and 

forms a hexagonal lattice in isotropic 

systems. By performing SANS measure­

ments in applied fields on a single crystal 

Materials science 

of La,,Sr,CuO,~,x = 0.17, on 022, Mesot et a/found that the VL undergoes a phase change into 

a square lattice at relatively low fields. This field-induced transition implies anisotropic cou­

pling of the VL, although at this stage they are unable to ascertain its exact nature. 

The observation, a little over 10 years ago, of low-temperature magnetic phases in doped ful­

lerenes prompted research efforts to understand the mechanisms behind the magnetic 

exchange interactions. Despite many attempts, no magnetic structure determination has been 

achieved for any of the alkali-metal salts studied to date. Using 020, Prass ides et al have mana­

ged to obtain the first magnetic structure of a C'° salt, Eul0o• The system orders ferromagne­

tically in a bee lattice, with the moment on each Eu being close to the free ion value for Eu'', 

invalidating reports of mixed Eu-valency. In addition, the short Eu-C distances suggest that FM 

exchange is mediated by interactions between the Eu'' 4f electrons and the C'° n orbitals. 

The drive toward higher density storage media has focussed attention on magnetic nanopar­

ticles. Dewhurst etal have used the SANS technique on Du to study self-assembled FePt nano· 

particles. These are deposited onto Si substrates layer-by-layer and then be annealed at ele­

vated temperatures to obtain highly anisotropic magnetic phases. By studying samples cove­

ring a range of annealing conditions, they found that at temperatures >500°C, the particles clus­

ter into larger agglomerates. Hence, for applications requiring monodisperse, magnetically ani­

sotropic nanoparticles, very careful attention must be paid to the annealing conditions. 

Another method of material preparation which is of great industrial relevance is Shot Pee­

ning, which hardens surfaces by inducing residual compressive forces below the surface. Sur­

face hardness is of prime importance for mechanical components which undergo high ope­

rational cyclic loads, such as fan blades in aero-engines. A new technique in this area is Laser 

Shock Peening (LSP), which induces stresses much deeper into the material, rendering the 

surface less susceptible to cracking. In a study very much of interest to us all, Evans et al 

have performed residual strain measurements on D1A into the application of LSP in the pro­

duction of fan blades. In essence this was a study of a processing problem: wh ich of two pro­

duction methods provides the best commercial option? The two methods were found to result 

in equivalent degrees of surface hardening-fan blade safety to you and I - making the chea­

per (and faster) of the two methods advantageous. 

In an ingen ious experiment, Bellissent et al were ab le to peer at deeply undercooled metal­

lic liquids of several pure transition metals. Th is experiment required beads of the liquid metal 

to be magnetically suspended to prevent nucleation at container wa lls. The high co unt rate 

ava ilable on D20, made it possible to produce and measure these metastable states in situ. 

An icosahedral short-range order was found to be present in all of the undercoo led melts, 

independent of the material or the structure of the solid phase. This had been previously pos­

tulated, on purely topological grounds. 

Finally, Cuello et al have used chemical isomerism to look for topological effects on the inter­

mediate-range ordering, i.e. next nearest neighbours and beyond, in glass form ing propa­

nol. Using D4, they have shown a scaling behaviour in 1- and 2-propanol and ethanol, indi­

cating that intermediate-range ordering can be understood by the packing of spherical 

moieties based upon the molecules. 

The range of materials science research at the ILL is broad, making full use of the wide suite 

of available ILL instruments to investigate the diverse structural, magnetic and dynamic pro­

perties of materials. This selection of articles is a small glimpse of the materials-related research 

currently being performed at the ILL. 
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Laser Shock Peening (LSP) is a 
relatively new surface trea tment 

for metallic materials to induce residual 
compressive stress fi elds in the near 

surface regions of engineering compo­
nents. These stress fields can grea tly 

improve the resistance of the material 
to crack initiation and propagation when 
the material is loaded in a cyc lic way, 
or fatigued. Laser Shock Peen ing is 
capable of producing compressive resi­
dual stresses to a much grea ter depth 
than the conventionally used techni­
que of shot peening. The technique 
involves the production of mechanical 
shock waves through the expansion of 
con fined plasma. The area of the criti ­
ca l component that needs to be Laser 
Shock Peened is coated by an overlay­
ing sacrificial material that is absorbing 
to laser radiation, commonly black paint 
or tape. Overlaying this layer is usually 

water, which is transparent to laser 
rad iation but can act as a confinement 
medium for the plasma. The plasma is 
formed by the irradiation of the sacri­
ficial layer by a pulse of a high power 
laser, vaporising the sacrificial material 

Figure 1: Aeroplane turbine engine. 

aser Shock Peening 
for aerospace Ti-6Al-4 V alloy: 
a residual stress study 
In aircraft flight, the large cyclic or fluctuation stresses that are generated, 
place great demands on specific aerospace component. These cyclic stres­
ses, so called fatigue, are usually highest at the materials surface. Over long 
periods or time, these stresses can cause cracks to initiate and propagate 
from the surface of the material. Surface hardening is therefore a favoura­
ble procedure to improve reliability of engineering components. The con­
ventional method of hardening surfaces is Shot Peening, which places the 
surface under compression down to several hundred micrometers. A very 
new technique is Laser Shock Peening which generates compressive stres­
ses much deeper into the material, which will hinder crack growth for a lon­
ger period. It is very important to the manufacturer to know precisely the 
range, location and magnitude of the stresses generated by the process. 
This is important to eva luate the reliability, and helps to optimise the manu­
facturing process. 

and partially ionising the va pour to a 
plasma. The plasma expands but is con­
fined by the layer of water. hence the 
expansion causes a mechanica l shock 

wave to be driven into the component. 
Th e pressure of the shock wave is 
greater than the yield strength of the 

material under shock conditions, plas­
tica lly deforming the material to a depth 
where the pressure is no longer higher 
than the yield strength. The undeformed 

material attempts to restore the origi­
nal shape of the surface, causing in­

plane compressive residual stress fields 
to be set up in the nea r surface region 
of the component (see figure 2). 
Laser Shock Peening has been used 
on the root sec tions of Ti-6Al-4V aero­

space components to improve th eir 
fatigue performance. To insure a uni-

form stress state over a surface, Laser 
Peen ing spots must be over laid; hence 
a pattern of spots is generated. 'l\vo 

patterns were studied and are shown 

in figure 3. Since these patterns are 
applied to curved shaped components. 
a change of the vertica l position requi­

res a time consum ing alteration of the 
angle of laser. Thi s is undesirable. 

Shock 
waves 

Metal 

Water 
Confined e><panding 
plasma 

Sacrificial Layer (black 
paint or tape) 

Figures 2 and 3: Schematic of the Laser 
Shock Peening process and two Laser 
Shock Peening patterns studied. 
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Figure 4: Schematic of experiment.al arran­
gement or collimators. 

hence pauern 2 which requires a third 
less changes Lo the ve rtical position 
would be the preferable pattern to use. 
But the stress state must be th e same 
as for pattern 1 before it is valid Lo 
sa fely use thi s pattern. 
The residual strains were determined 
in a Ti-6Al-4V plate mockup which had 

been Laser Shock Peened with th e two 
peening patterns adjacent Lo each other 
in the centra l region of one side of the 

plate. Re idual strain profi les as a 
fun ction of depth in three perpendicu­
lar direc tions were measured (two in­

plane direc tions parallel Lo the plates 
surface and th e out of plane direction . 
normal to the plates surface) in both 
the peening pattern s. The measure­

ments have been performed using the 
strain sca nning option of th e DlA 
powder diffractometer. Since stresses 
very close Lo th e surface are Lo be 
measured. the in LrumenL must provide 
very high lateral resolu tion . Th is is 
possib le at th e D 1 A-d iffractom eter 
u ing two rad ial collimators for th e 
gauge vo lume definition. The advan­
tages of thi s se t-up are the very pre­

cise definition of the gauge dimensions 
and th e very low surface error [ 1,2] . 
Thi s enabled us Lo perform measure­
ments down to 25 µm LO the surfa ce. 
Th e ca tter ing geometry was of 84° 
(sca ttering angle) giving a relative ly 

square gauge vo lume suitable for high 
spatially resolved strain scanning. 
The strain was measured through the 
whole thickness of the plate. in addition 

the peak width was determined which 
is only possible with the se tup of a 
secondary collimator as found on Dl A. 
F'igure 5 shows how the pea k width 
increases towards the surface which 
indicates that this region is plastically 
deformed. Thi s shows how compres­
sive residua l stresses are introduced by 
La ser shock peening. Stress was then 
ca lculated for the two peening patterns 
using stress and moment balance cri­
teria to correct for d0. the unstra ined 
lattice parameter (figure 5). 
The neutron diffraction data was corre­
lated Lo X-ray diffraction me,:isurements 
made at the very suface using laboratory 
X-rays at the Un iversity of Manchester. 
The increased peak width indica tes the 
plastica lly deformed region. Where com­
pressive stresses are introduced they are 
very similar and exhibit the same dis­
tinctive characteristics. This means that 
either peening pattern can be applied for 

manufacLUri ng. Their characteristics 
are: firstly. the maximum compressive 
res idual stress of approximately 

- 800M Pa occurs at the surface and the 
material remain in compression to 
approximately 1 mm in depth wh ich is 

approximately 10 times deeper than can 
be achieved with the conventional tech­
nique of shot peening. The deeper com­
pressive stresses mean that longer 
cracks can be retarded from growing. 
hence improving the resistance to fati­
gue cracking of the material. Secondly, 
the maximum tensile res idual stress or 
200MPa is lo ated 2 mm beneath the 
surface. wh ich is very important to stress 
engineers. since th is may be a location 
of subsurface cracking if the residual 
stress plus applied stress is greater 
than the strength of the material at this 
location. 

The measurements show that th e neu­
tron strain scanning method is capa­
ble of providing stress profil es non­
destructive ly with high lateral reso lu­
tion. Additionally the measuring geome­
try around 90° is advan Lageou s for 
many application s. In conclu sion. it 
can be remarked that Laser Shock Pee­
ning is an effective technique to gene­
rate favourable compress ive residual 
stresses in the near surface region of 
Ti-6Al-4V alloys. These stresses are 
expected to improve th e materia ls 
resi stance to fatigue cracking. allo­
wing longer operating lifetimes of Laser 
Shock Peened components. In addi­

tion . the stress state within pattern 1 
is almost identical LO pattern 2 whi ch 
validates the use of pattern 2 for La er 
Shock Peen components. This will allow 
parts Lo be manufactured fas ter and 
hence at lower cost to the manufac tu­
rer. And the air passenger shou ld fee l 

safer at the same time. 

200 

-Boo 

-10 -8 -6 -4 ·2 0 

Depth from Surface (mm) 

F'igure 5: The residual stress in one in­
plane di rection is plotted against position 
beneath the materi als surface for both 
peening paLLern s. The neutron data is 
shown as a solid line and can be perfectly 
extrapo lated Lo the surrace X-ray dif­
fraction measurements. The peak width 
as a function of depth shows that where the 
residual stress is compress ive at the sur­
face. the peak width Is the highest corres­
ponding to plastic deformation or the mate­
rial. The error in the stress determination 
is from+/- 25M Pa in the bulk to+/- 50MPa 
near the surface. 

0.25 
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T:hc low-temperature properties or 

gla ses and cli. ordered materials 

consliLULe the most clear-cut evidence of 

universa l behaviour in di ordered mat­

ter. 1\inncll ing motions of parlicles be­

tween energetica lly close potential min ima 

separaLecl by a potenlial well. account for 

Lhe specific hea l at tempera Lures below 

1 K. The clescriplion of Lhe experimental 

obscr alions is still confinecl within the 

rra lm of phenomenology. exceplion made 

of a fC\\' cases such as the mixed alkali­

halide cry Lais. where the tu nnelling 

entilics arc amenable Lo a fully micro­

scopic treatment. l◄'or moderately low 

Lrmpcraturcs ( I < '/1/K < l0-20) the 

clynam ics of disorcl erecl mauer is pictu­

red as govern eel by the same en Lilies 

Lhat col1eren Uy tunnel below l K. But 

al1ovc this temperature range. L11 ey are 

subjec ted Lo strong scattering mecha­

nisms destroying coherence and lead ing 

Lo thermally activated relaxation . Such 

regime then persi Ls up to temperatu­

res comparable LO those where liquid­

flow effec ts start to be prominent. that 

is. th r glas ·-> liquid transi tion. Reasons 

ham pc ring progress in describing theo­

rc lica lly the experimental resulls are 

Lhr complex chemica l details or many of 

the materials employed as tcst-l)cnch for 

th ese , tuclies. This leads to dilTicullies in 

Chemical details 
in the microscopic structure 
and dynamics of glasses 

We have studied the effects of a minor chemical-isomeric modification on 

the microscopic structure and low-frequency dynamics of glassy propanol. 

Our results show that intermolecular orientational correlations explain the 

observed changes in the dynamics and also play a prominent role on the 

short-range structure of these glasses. In contrast, the intermediate range 

order in these materials is revealed as a purely geometric effect, accoun­

table in terms of packing of effectively spherical entities. 

1- propanol 2- propanol 

Figure I : The molecular geometr~ of til e two isomers of propanol. 

clarifying the nature of atomic motions. 

i.e .. in determining whether tlwy ari se 

from the internal dynamics or glass-par­

licles or from interaclions between intra­

and in termolccular-mocles. such as is 

known lo l1appen in corn plex organ ic or 

strong glasses 

I !ere \.\ 'e deal with a re lati ve ly simple 

system where we can vmy t11 c strengL11 

or inter- and intra-molec ular interact.i­

ons by mea ns of a sulJLlr cl1emica l 

change. The maLerial. propyl alcoho l. 

presents two isomers referred to as 1-

( IP) and 2-propanol (2P). which differ 

by L11 e loca tion of the 0 11 group (rigurc 

I ). This chemica l isomeri sm. 1'a ll1er 

than altering properties such a llw 

number of molecular internal clegrers 

of freedom. van cler Waa ls volumes or 

elec tric dipole moments to any signifi ­

ca nt e,tent. leacls to a change in lh l' 

overall molecular "slrn pl'". In Lum. t11i s 

change is tra n lalecl into ra th er clirfe­

renL thermal / I ]. structural [2] and 

transport [ 3 J properti es of boLh com­

pou ncl . It is worth poi nting ouL thaL 

there is a shil't in the melting points or 

the crys tals from 14 8 K ( IP) Lo 185 I( 

(2P). ancl in the glass-lraosilion tempe­

ratures from 98 K ( IP) t,o 1 'lfi K (2F'). 

With regarcl to the structure. we have 

employee! such chemical difference to 

ge l a cl cc pcr insighl of th e naLurr ol' 

intcrm ecliate-rangc-orcler in amor­

phou s matter. Th at is. LO stud y L11 e 

existence or spalial rcgular•ilies at dis­

tances significa nlly beyond those sepa­

rating nca rcs l neighbours. where order 

results as a consequr nce of chemica l 

and topologica l cl ctail s of th e parli clei 

forming l11c glass. By means of neut ron 

cliffrac tion experim ents (D4-ILL) \\T 

ha\·c olJLainecl th e stati c stru cture 

faclors for l)o th isomers in thei r glassy 
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and cry tallinr state . The first clif­

rrac tion peak in SW) or l)o l11 glassrs 

appears al 0, = 1. 56 1 and 1.52 1 

respecLively. ll inversr 2rrl0,. close ly 

matches Lh r prriocl of Lile broacl osc il ­

lalions in Lh <' r(· spec tivr tota l sLali c 

pair correlation run ctions D(r ). provi­

ding di reel evidence linking Lile first dif­

rraclion pea~ Lo th e presence or inter­

mediate range orclr r. v\c ha\'c related 

Llw pos iliun or Lhc· fi1 •s I diffrac tion pea~ 

\\"ill1 Llw su·ucLure factor for molecular 

cc·ntr·c's-of-mass - wh ich plays a funda­

mental role in liquid state theory - I) 

car I•y i11 g out a sca ling of clislancrs for 

ilolh isomc-rs as well as for a small f'r 

alcohol: rLhano l. Dividing ily llw mo l<'­

cular diamr tn or ea ·h alcoho l. Laken 

as the posili on or ltH' fir, L intermole­

cul ar peak in O(r). we remo,c' Llw 

C'frr.cts or short-1·a ngc order ancl den ­

sity. TIH' ollLainctl l'C'S UILS arc ploLLcd in 

figu1·c 2. showing LhaL the intermolecu­

lar pal'l s or Lill' radial distri l)u tion 

run cli on or Llw L111·ce alco hol s arc ful ly 

in phasr. An evaluation of L11 c sIrrngtl1 

of molecular or i<'ntalional co1TelaLion 

,, as carriccl out lly means or cumpuLeI· 

sim ulaliuns. Th ese simulati ons repro­

duce reasonabl y wel l Lh r experimc·nLal 

S((J) and Lhcy allow us Lo sLucly Lh l' 

oricnLaLiona l co rrelation functions Lha l 

are not cxpcrinwn lally accessi ble. silo-

wing tlia l oricnLalional effects arc 

cnhanc('d in 2P comparecl to IP. In 

con trast. th ey are far ·hortcr-ranged 

if comparecl Lo pack ing effcc ls that 

r ,tencl up lo di sla nces 3-4 lime· lon­

ger than oricntalional corre lalions. 

()uasi- an cl inclas lic sca tt ering measu­

rr·menls ( I N6-I LI ,. OI~ S-111\J S) pro­

\ idea micro. cop ic illuslralion 10 spe­

cific heat measurements ancl al:o allm, 

1I s to csta llli sh a clea r sc• parati on llc­

twc·c·n frequency regions duminatccl I) 

internal moclc•s with those or pure ly 

illl('J'ITIO ll'CUl ar or igin. Th(' low-frr­

qucncy clata (/•,'< 10 nwV) rc\'l'al how 

L11 r vilm:llional density or slate s. ,1/,( w). 

for 21) ri ses stronger wilh frequency 

Lh an Lhal for IP. both ' hO\\ ing a noli­

cca l> le cixc c· ss of I0\\ frr quency modes 

co mpared Lo their parent crys tals 

(fi gure 3). Thi s fca Iur<' relate s well 

wiL11 I.h eir clilTcrrn ·cs in Ll1 e sp cific 

heat. Allove 15 mcV al l th e obse rved 

fcalu 1·cs in l11 c cxpcr im cn lal ,7,(w)'s 

ari se as ·1 conscquenc<' of Ll1 c inter­

ac tion between ex ternal (lalli cc) ancl 

inLcrnal (molccu l·ir) moclrs. Lhc' latter 

being Lil e dominan L con trillutor Lo Lhe 

dynami ·s ror frequencies abo, c 25 mcV 

re levan t fcaLun's is aidccl IJ~ the diffe­

rence seen for both isomrrs ancl is also 

assistecl by res ulLs from ou I· simulali­

ons as well as IJy compari son of Lile fre­

quency di Lrillulions or glas ' es and 

crys tals 141. As a I·e. ull. some promi­

nC' nl features appea ring in Z( w) could 

lw asc ribed to CII , reorientation and 

molions of th e 0 11 moiC'lies. 

The main features of Lhe inleraclion 

polenli al gm'C'l'n gr·omctric arra ngP­

menLs involving nc·a r( 'S l ncighl1ou1·s. 

I lowe v<' r. our rcsu It · show Lha L 

cl1 anges in orclc' ring patterns inducl' cl 

IJy isomeric effect arc· far from Lrivial. 

1-'or large r distances . inle1·m(•diate 

rangl' ord er is finally understood as a 

purely gC'omC'lric elT<•cl. accountable in 

tt·rm s of splH'rica l l'nLili es. On Ili c 

other hand. our dynamica l resul ts show 

Lhal intermolecu lar oricntaliona l clyna­

mic co rI ·elaLions arc Lile mosL li ke ly 

ca ndiclales Lo cxplcIin cliffer<'nt lJcliavio­

UJ'S on the dynamics or a glassy maLl'­

rial. l•' inall y. Llw asses mr nl or Lheir 

in termol ecu la r origin so lves a long­

la sling con Lrovc I·sy conce rnin g ll1c 

microsco pic nature or LIH' lo\\'es t rrc·­

qucncy rc laxa lion in II1csc matnials. 
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I co ahedra l clusLers. consisLing or 

compact arrangemenLs of 13 aLOm . 

have an energy 8.4% sma ller than thaL 

or clu Ler wiLh dense-packed fee or 

hep Lru LU re and the same number of 

atoms [3]. This result holds for aLOmic 

interacLions deriving from a Lennard­

Jones potenLial. Very recent experi­

ments using synchrotron radiation on 

liquid Pb aL T > 1\ .. produced evidence 

of fi vefold icosahedral ·ymmetry in Pb 

clusters ad orbed onLo a Si sub trate 

[41. Thi ynchrotron technique is only 

sensiLive to SRO presen t clo e to the Si 

surface and does not allow to probe ei­

th er the bulk melt or the undercooled 

melt. Such measurements are however 

essenLial for LUdying the nuclea Lion of 

the solid phase from the parent liquid 

state. Therefore. a neutron scattering 

structural study- using the combination 

or a new levitaLion device and the high 

throughput diffractometer D20 - ha 

been performed at tempera tures above 

and below the bulk melting tempera­

LUre. for several pure transition metals. 

The metallic elements were chosen such 

that they form bee (Zr). Fee (Ni) or both 

(F'e) strucLUre in the olid state. in order 

to te t Lhe innuence of the crysta lline 

solid sLructure on the SRO in the liquid. 

ElecLromagneLic levitaLion wa applied 

to undercool liquid for extended pe­

riods of time. as required for diffraction 

cosahedral short-range 
order in deeply undercooled 
metallic melts 

Since the pioneering work ofTurnbull (1) it has been well established that 

metallic liquids can be deeply undercooled below their freezing tempera­

ture provided heterogeneous nucleation on container walls is avoided. 

Undercooling by as much as 20% of the melting temperature, Tl, was obser­

ved for many different metals (2), indicating correspondingly high activa­

tion barriers for crystallisation. Frank (3) postulated the existence of icosa­

hedral short-range order (ISRO) in the melt, which could explain the high 

solidification barriers. Experimental evidence of icosahedral SRO in the 

stable liquid state (T > TJ and in deeply undercooled melts of pure metal­

lic elements, is obtained here using thermal neutron scattering in combi­

nation with the electromagnetic levitation technique. The icosahedral SRO 

is shown to occur in the bulk metallic melt, independent of the nature of the 

system investigated. It increases with the degree of undercooling. 

experiments. The levitaLion method pro­

duces a free ly u pended liquid drop. 

abouL a cenLimetre in size. which can be 

deeply undercooled since heterogeneous 

nuclea tion on container walls can thus 

be avoided. In spite of Lhe limited lifetime 

of the metastable undercooled staLe. we 

were able Lo obtain accurate diffraction 

diagrams on deeply undercooled melts. 

The structure factors for the different 

melts were measured at severa l Lempe-
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raLUres above T1. in the stable regime and 

below T1. in the deeply undercoo led 

regime: ~T = T1.-T = 140 K for F'e and 

290 K for i and Zr [51. Thi s 

high degree of relative undercooling 

(~T /T1."" 17% in the case of i) should 

allow one to access th e structural 

changes occurring in th e liquid . Th e 

experimental S(Q) curves arc pre ented 

in figure 1. A shoulder on Lhe right-hand 

side of the second oscillation is obser-

Zr T, = 2125 K 

T t OK 
f ,, 

• 2J 0 

10 12 

Figure I: tru ture raclors or liquid transition meta l above the melting point and in the 
undercooled tale. 
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ti ca l in fee and hep clusters. As the con­

tributions from nearest neighbour dis­

tances dominate the LO tal simulation. 

the ca lculated S(O) can better repro­

duce the large oscillation at about 5.5 A:' 
(Figure 2) and the presence of a charac­

teristic shoulder on the right-hand side 

of this oscillation (observed as an asym­

metry in the calculated curve). The bet­

ter fit obtained with the icosahedral 

cluster gives evidence for the presence 

of ISRO in all monoa tomic liquids. 
Figure 2: Cluster model l'or the high Q part or Lhe undercoolcd I strueLure ractor. 

The SRO of i, Zr. and F'e meta llic melts 

was investigated by neutron sca ttering 

in a large temperature range including 

th e deepl y undercooled metastable 

state. F'rom the simulation of the mea­

sured structure factor. ISRO is evi­

denced in all these bulk meta llic liquids 

independently of the structure of the 

nucleating solid phases at all studi ecl 

temperatures. The ISRO becomes more 

pronounced with decreasing T. The pre-

ved on all curves. Thi is Lhe firsL Lime 

such a clea r shoulder is observed in 

structure factors of monoatomic liquids. 

IL has been identified as a signature of 

ISRO. based on the theore tica l work of 

Sachdev and Nelson [6] . The same fea­

ture has been recently evidenced in qua­

sicrysta l-forming alloy melts I 7[. 

To obta in furth er information concer­

ning Lhe SRO in Lhe melt. Lhe high 0 
part of S(O) was comparecl Lo the calcu­

lated strucLure facLOr of i ola ted clusters. 

The simulation meLhod is described in 

detail in [7] . Only Lwo fitLing variables 

are required LO model the relevant clu -

ter geometries: bee. fee. hep and icosa­

hedral (ico): the shorLesL mean intraclus­

Ler atomic distance. <r0>. and its mean 

thermal nuctuation amplitude <8r.2 >. 

whi ch deLermin es th e Debye-Waller 

factor, exp(-<8r0
2 > /3). All larger mean 

intrac luster distances, <r,>. and their 

thermal amplitudes <Or,2 > can then be 

computed. A third parameter in th e 

simulation is the concentration of clus­

ter atoms in the liquid. Note that the 

large O part of S(O) is determined by the 

SRO only, the contribution from larger 

inLeratomic distance being damped by 

Lhermal motions. The resulL for Ni in Lhe 

unclercooled regime at T = 1435 K are 

presented in figure 2 Log Lher with the 

measured S(O) at large Q. If a bee-. fee­

or hep-like cluster structure is assu-

med, neither the position nor the shape 

of the second oscillation of S(O) are 

reproduced. wher as for the icosahe­

dral cluster a ignificantly better agree­

ment is achieved. This can be understood 

by examining the individual contribu­

tions LO S(O) of each in teratomic distance 

within the e clusters [ cf. the right inset 

in figure 2 [. Let r0 and r, be the neares t 

neighbour di Lances from center LO shell 

and on the shell, respectively. for a given 

cluster. These two distances differ by 

about 5% for an icosahedron [cf. the 

left inse t in figure 2]. while being iden-

Photo 1: Levitation fUrnace seL-up on 020. 

ent work provides an unambiguous 

experimental proof of the early con ­

jecture of Prank [3]. originally based on 

arguments of topological ordering only. 
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A remarka ble di scovery in full c­

rene chemi stry has bcr n Lh r 

reac tion or C,,0 with the strong orga nic 

cl onor Tl )A I•: to afford a ferromagnetic 

so lid. (TDAl•:)C,,, with a Curie 1cmpr ra-

1urc. 1; = 16 K. Antirnrom agncli c 

ground slates have bePn cncouotcrccl 

in va rious fullcride sa lts. including the 

polymers RbC"' and Na lb111Cs111C",. ancl 

L11 c ammoniatccl sa il. ( II J K,C,,,, . 

Despile efforts. no magnetic sLru cLU re 

cleLermination has been poss iblr fo r 

any or th esr sy Lem . as no magnetic 

Bragg sca ucring ha been olJ sc rvcd in 

neutron diffraction experiments. pre-
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Figure I : Selected region of the norrnuli­
Hl'rl powrler nculmn diffraction proliles (A 
= 0.808 A) of Eu/ :"' ut I. 7 anll 25 K sho­
wing the appl'arancr or addi tional renerti -
011 s helm Lhc Curie temperatu re . 

Magnetic structure 
of Eu6C6o: a molecular magnetic 
material based on C6o 

The powder neutron diffraction technique was used for the direct observa­

tion of magnetic scattering below a Curie temperature of ~14 Kin the ful­

lerene-based molecular ferromagnet, Eu6C60• Europium is in the divalent state 

with a magnetic moment of 7.1(3) µ0 per atom and the configurational sym­

metry of the magnetic structure is body-centred cubic. Close contacts be­

tween Eu 2• and neighbouring C60 units provide the signature of orbital hybri­

disation, which can account for the conducting and magnetic properties of 

the material. 

sumahly rr lalecl to Llir small magneti c 

moment prr Cm and th e' clr Lail s of the 

C,.11 magnetic rorm fa tor. On th e other 

hancl. fJOLentially interes ting magneti c 

molecular materials may be al o ror­

mcd when the rrwtal dopants in rullc­

ricl c sa ils ca rry a magneti c momcnl. 

Good ca ncl iclaLrs arc rarr-ea rth l'ulle­

rides in which the lanthanide ions 

occupy Lile interstitial space IJetween 

the C"' units in th e olid sta te and mag­

netic correlati on. involving Llw unpai­

m l 4.f elec tron co uld develop either 

through direc t exchange interac tions 

brLwc'cn th e lanthanide 5d-4.f orbitals 

or through n-.f inLcractions moclula­

tecl by C,,w Such an example has been 

recently provided by work on the pha c 

diagram or Eu-C,,,. which led to the iso­

lat.i on or th e cubic full eride. Euficf;,,. 

This displays a tran, ition to a ferromag­

netic state near 14 K. which is accom­

r anied by a very large negati ve mag­

nctorcs istance 11] . 

In or<i<' r Lo sca rcl1 for sca ttered inLrnsity 

or magnetic origin. which proviclc's tlw 

unambiguous signature or long- rangC' 

magnetic orclr r and allows Llw <ICIC' rm i­

nalion or the spin arrangement. powder 

nC'ulmn clilTraclion mcasurcmcnLs lic lo\\' 

'I ;: arc necessary. I lowcve r. natural l•:u 

l1as an cxLrr mely high alJ, orption cl'Os: 

sec tion. o_,(45301Jarn atA. = 1.708 ) 

for nr uLrnns. making such measurements 

challenging and possible only un<lr r opli­

misccl cxpcriment<1 I condition: 121. As 

o, is strongly wavelength clependrnt and 

showsa minimum aL A. = 0.72 . powder 

nr utron clilTrac tion claLa ahovc (2:i K) 

ancl br low ( I. 7 K) ·1; werr co llecLed (22-

hour run ) on D20 al A= 0.808 . Al this 

wavelength . the linea r absorption coef­

fi cient. m of 1-:unC," is 0.948 mm '. The 

sa mple (0.43 g) was in a clouble-wallecl 

vanadium cylinder (5 cm height. 4.fi cm 

ouLer diameter. 0. 5 mm annular Ll1ick­

ness) wilh a ca lculated transmiss ion. 

'f' = exµ(-µx) or 0.30. Inspection or Lhe 

1. 7 K diffrac tion profil e rcvra led signifi­

canL increase in Lhc in tensities or selccu·d 

nuclea r pea ks ancl the presence or adcli ­

tional reflections or magnetic origin noL 

present at 25 K. Th e laLLer could be 

inclexecl on the basis or the chemica l unit 

cell (e.g. as (310) and (222) in figure I). 

implying that t11e magnetic and cl1cmica l 

unit crll s coincidr (magnetic propaga tion 

vector. K = (000)). as expected for a fr r­

romagnclic material. In addition. as all 

rel'lcclion, obey Lice cxlinclion rul es at 

I. 7 K. the configuralional symmetry of the 

mc1gnclic structure or l•:u,,C,,, is hcc 131. 
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Figure ~: nil-cell basal planr projeclion 
or Lil e crys lal and magnetic structure of 
hocly-ccntrccl cubic Eu .. c,., (a = I 0.92fi ). 
Th e momcnl <lircclions arc arbilraril~1 

drawn parallel to th e a axis. 

(; iven th e I aucity of magnetic refl ec ti ­

on s and th e supcrpo ition of nuclea r 

ancl magnclic ·ca tlering. Lile neuLron 

clifl'rac ti on profil e al 25 K was l'ir L 

rxa minrcl in orclrr Lo ohtain a starling 

model for th e chemica l stru turc br low 

1;. Rictvc ld analys is was initiated with 

a moclcl oli tained rrom synchrotron 

' -ray rliffrac Li on data co ll ec tecl on 

BM I G at t11 e l•:SRV Th e fiL improved si­

gnil'i ca nLly when t11 e gcomC'Lry of the C,., 

uni Ls was relaxed and Lh e ca rbon po: i­

tions refin C' d. Ri ctvc ld rcl'inement or 

th e neutron cliffrac Lion data al 1. 7 K 

was pr rform ccl with a two-pl1asc' moc!r l 

to account for tlic chemi ca l and mag­

netic structures. Th e form er wa des­

cribed with th e structural moclcl obtai­

ned at 25 K. while for th e latter. the 

magneti c morn en Ls of th e twelve Eu 

sites in Lile unit ce ll were aligned in the 

same clirec tion . We note that for a cul1ic 

ferromagnet. Lh e spin direc tion ca nnot 

be cl edu crd ror ra ndomly ori ented 

domain s. as th e same magnetic inten­

sities resul t For any spin direc tion with 

respec t to th e cry La llographic axes. 

Th e refin ement proceeclccl smoo thl y 

resulting in a re fined magnetic moment 

per 1•:u atom. 11 ,11 = 7.1 (3) µw 

Several points arising from the present 

work arc or particular· intr rest. Figur'e 

2 shows a perspec tive view of Lil e bee 

crysta l and magnetic structure ol' l~u,;C,,,. 

As th e free- ion va lue of Lile magnetic 

moment or Eu2• ("Sm) is 7.94 µBand 

Eu"· is non -magnetic (7 r-;,). the magne­

tic moment obse rved at the Eu sites 

leads to the unambiguous conclusion 

that Eu is present in the cliva lent state 

in Eu isC,11 • Thi s is in agreement with 

neld-depenclen L magnetisa tion measu­

rements at 2 K ancl contras ts with ea r­

li er report of the presence of sa mple­

dependent Eu mixed va lency (Eu2·/Eu 1• 

"" I to 4) . Concerning t11 c origin of the 

ferrom agnetic exchange interac ti ons 

lictwccn F.u 1• . we note that the closest 

F.u 2·-Eui. distance in Eu6C.,, is 3.885 . 

considerably smaller than Lhat in Lile 

anurerromagnelic graphite interca late 

l•:uc" (-4.3 ) buL stracldling those in rer­

romagnC' Lic l•:uo and EuC, (-3.6-4. l A) . 

In Lile lal tcr. the FM in tera lion between 

Eu2• ions is through clirect exchangC' of 

nearest neighbour :irl-4] unpairccl cle t­

mns ancl ( sca les with Lhc 1,:u2·-F:u2• dis­

tance. I lowevc r. in Eu,,C.,,. each F:u2• ion 

c3 

b 

a 

C 

coordinaLes Lo two hexagonal ancl two 

pentagonal races of ncigl1l10ur ing C,a, 

anions ancl cli splays short Eu-C con­

tac ts: 2.88 ancl 2.90 A Lo hexagon C(~1) 

ancl pentagon C( I ) atom s, respec ti ve ly 

(figure 3). These are only marginally 

larger than Lile sum of the ionic radius 

of Eu 2• (I . 12 A) ancl th e van der Waa ls 

radius or C ( 1. 70 A) ancl are suggesti ve 

or l1 ybridisaLion beLween L11 e 5d and 6s 

orbitals of Eu ancl Lile L1, orl)itals or C.,,. 

in analogy wil11 the isos Lructural and 

isoelec tronic. Bar;C.,, ancl Sr .. c.,,. Such 

orbital mixing implies Lhal the ferro­

magnetic exchange interac tions bet­

ween Lile 41 elec trons are modulaLed by 

th e rr (Cml orbitals ancl provicl cs a natu­

ral explanation ror th e conducting and 

giant magnetores isLi ve behaviour or 

Eu.,C.,,. amely. in the ahsence of hybri­

clisa lion. the formal va lence of C,,, would 

be -12 ancl both Lil e LUMO L,11 and the 

(LUMO+ I) l 1, cler ivcd hands would he 

compleLcly full. giving ri se Lo insulating 

behaviour ancl very weak in terac tions 

l)c Lwecn charge ca rriers an(l loc,1lisl'd 

magnetic momenLs. 

c3 

Figure 3: Coorclinalion of l~u' - and near-neigh hour 1-:u'·-C conlacts in Eu.,C.,.,. 
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F P nanoparticles were 

e t prepared using a solu­

tion chemistry approach and deposited 

onto double-sided Si substrates using 

the polymer mediated. layer-by-layer 

technique described previously [2]. 

This resulted in films consisting of 3 

layers of 40 A F'e
58

Pt42 self-assembled 

particles. a shown for similar films in 

figure 1. The polymer-mediated ap­

proach results in nanoparticles with an 

extremely narrow size distribution. 

typically o-/mean < 5 %. and a well 

defined periodicity. The as-deposited 

films were annea led under a range of 

temperatures (580 to 800 °C) and 

times (2 to 120 minutes) . Magnetisa-

ePt magnetic nanoparticles: 
a SANS study of 
agglomeration effects 

Nano particles offer exciting possibilities to study fundamental physics and 

create new technologies in catalysis, sensors, biology and medicine, and 

data storage. In particular self-assembled FePt magnetic nanoparticles 

offer the potential to store data at areal densities > 1 Tbit/in ' . This poten­

tial arises from the high anisotropy (L1J phase of approximately equi-ato­

mic FePt, that allows particles of -20 A diameter to be thermally stable at 

room temperature. However, in order to create the L1
0 
phase of Fe Pt it is neces­

sary to anneal at temperatures in excess of 500 °C, typically for times of 

30 minutes [1]. This gives rise to a number of thermally activated proces­

ses including the desired phase transformation, oxidation and particle 

agglomeration. In this study we use small-angle neutron scattering (SANS) 

to obtain information on agglomeration as a function of annealing conditi ­

ons and show that for all the conditions significant clustering occurs. Com­

plementary magnetisation measurements demonstrate that a significant 

fraction of the particles are superparamagnetic indicating the complete 

L1
0 

ordering is not achieved. However coercivities of up to 13 kOe at room 

temperature were readily obtained, demonstrating that self-assembled 

nanoparticles do indeed offer significant potential as recording media. 

Lion measurement as a function of 

temperature were completed for all 

films. A subset of the annealed film s 

were inves tigated using th e D11 dif­

fractometer with a neutron wavelength 

of A.= 4.5 A. The neutrons were co lli­

mated to give a beam diameter of 16 

mm . Data were co llected at three 

detector positions in order to scan a q 

range of 0.012 - 0.3 A-1. The small 

volume of material meant that it was 

necessary to stack a number of sam­

ples to increase signal to noise ratio. 

However, significant counting times 

were required to obtain sta tistica lly 

meaningful data. 

Figure 1: (a) Illustration of polymer-mediated self-a sembly of nanoparlicles. (1) is the 
polymer and (2) is the surfactant coaled particle. (b) TEM bright field image of 60 A Fe

50
P~., 

nanoparlicles showing that as-deposited the particles have a very narrow size distribu­
tion, typically s/mean < 5 % for this process. and that the particles have a well defined 
separation 121 . 

Pigure 2 shows diffraction images for 

an as-deposited sample. The coherent 

diffraction ring is immediately appa­

rent, demonstrating the regularity of 

the as-deposited nanoparticle films as 

previously shown using electron 

microscopy [1]. Integrating round the 

detector gives an interparticle distance 

of 65 A with a distribution cr = 12 A. 
This diffraction ring was absent for all 

of the an nealed sa mples over the 

q-range mea ured ( q = 0.012 - 0.3 A-1) 
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Pigure 2: Diffracllon image measured at 
room temperature for as-deposited r e,,.Pt,, 
nanoparticles with a diameter of 40 and 
a separation of 65 A. 

indica ting that annea ling disrupted the 

inter-particl e ordering. To estimate 

particle sizes from the SANS data it was 

necessa ry to compare the measured 

clata with imulations. A number or 

models based on the hard sphere. Per­

cus Yevick approximation were produ­

ced and compared Lo the experimenta l 

data. Given that the nanoparti cle film s 

are known to consist initially of 40 A 
particles with a 65 A centre-to-centre 

spacing. a polydisperse model or inter­

acting particles with a Schultz-gamma 

distribution of sizes described by G rif­

l"ith et al. [3] was adopted. However. the 

salient features of the data were repro­

duced for a number or different models 

giving confidence that the results ob tai­

ned did not depend on the dcta i Is of the 

model used. 

Figure 3 shows SA S data. simulations 

of the data and the particle/c luster size 

implied by the simulation. Th e SA S 

cla ta indicate that significant agglome­

rat ion occurs for all thrcr sa mples. 

Using the median particle cliametr r to 

characteri e the distribution . the par­

ti cle/cluster size incrrases from 40 

for the a -deposited film to G2 for the 

film annea led at 580 °C for 80 minutes 

and to 160 A for the 650 °C / 5 minu-

1,cs rilm . In the ea c of Lile 700 °c / 5 

minutes film the median size appears 

Lo increase rather dramatically, giving 

a median cluster diameter or 660 A. The 

details or this large increase in size for 

the 700 °c / 5 minutes film remain to 

be fully explained. Complementary mag­

netic measurements show that the tem­

perature dependence of coercivity is 

significantly less for this sample which 

also suggests a large increase in volume 

a thermally activated magneti sa tion 

reversa l will be less significa nt. 
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SA S data shows that a high degree or 

inter-parti cle ordering is achieved 

wh en F'e58Pt,2 nanoparticles. with as­

deposited diameters of 40 A. are depo­

sited onto Si substrates in an organic 

binder. Subsequent annealing at tem­

peratures greater than 500 °C. neces­

sa ry for the F'ePt to form the high mag­

netic anisotropy L 10 phase. resul ts in 

the particles forming clusters. the size 

of which increases with annealing tem­

perature. 
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Pigure 3: SA S data with simulation (solid line) for three FePt nanoparticle films annea­
led at (a) 580 °c / 30 minutes. (b) 650 °c / 5 minutes and (c) 700 °c / 5 minutes. All mea­
surements were carried out at room temperature (d-11 particle ize distributions obtai­
ned from simulation of the SA S data using the hard sphere. polydisperse interacting model 
oFGriflith etal. 131. 
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T he magnetic phase diagram of type­

' ;I superconductors (see figure 1) 

ca n be divided in three main regions: 

Meissner plia se. mixed phase and nor­

mal ph ase. In th e Meissner pha se . 

below Lh e lower crili ca l fi eld H,J I'), 

magnetic flux is completely exc luded 

from th e superco nductor, whereas 

above Llie upper cri tica l fi eld H,/1') 

the normal slate is recove red and ma­

gnelic fi eld is hom ogeneously distri­

butecJ ove r th e sa mpl e bulk. In the 

mixed phase between, HJ I') and H,/ 1'). 

magnetic flux can peneLrate the super­

conductor in the form of quanti zed 

HJ T) 

"Cl H. m If I 
~ 
0::: 
u 

111~1 • Ml, 

-~ 
C: 
M 
co 
::E hase 

Vortex lattice 

Field-induced transition 
from hexagonal to square 
vortex lattice in La

1
_
83
5r

0
_
11
Cu0

4
+-0 

Cu prate superconductors are still a matter of great scientific interest, both 

from the theoretical and experimental point of view. Although La ,_,Sr.(u0 •. 0 

(LSCO) belongs to the family of the first high-temperature superconductor 

to be discovered, the microscopic observation of the vortex lattice in LSCO 

has to date remained remarkably elusive. Recently we performed small-angle 

neutron scattering experiments that revealed the first clear evidence for a 

vortex lattice structure in LSCO (x=o.17) [1]. Moreover we were able to 

observe a field-induced crossover from hexagonal to square symmetry, 

which is indicative of the coupling of the vortex lattice to a source of an i­

sotropy, such as the one provided by the d-wave superconducting gap. 

magnetic vo rtices that in teract and 

Cl'ea te a vortex lattice (VL). These vo r­

ti ces consist of magnetic flux lines of 

radius s (the coherence length) sur­

rouncled a zone of rad ius 11. (the pene­

tration depth) where supercurrents 

sc reen the ex ternal fi eld. 

Knowing that the magnetic field is con­

fined Lo Flux lines each carrying one flux 

quantum <t:>
0 
and arranged in a lattice. 

th e symmetry of the VL i found by 

minimising the free energy. Th e result 

of th ese ca lculalions for isotropic sys­

tems shows that the hexagonal VL rat-

Normal phase 

Vortex liquid 

Temperature 

her than the square VL is stabili sed [2 1. 

In high-temperature superconductors 

the situation is complicated because of 

th erm al flu ctualions and ani so tropy 

effec ts [31. At high temperatures vor­

tices are thermal ly activated and the 

VL can melt into a liquid phase above 

H,)T) (see figure I). On the other hand. 

a sufficiently large degree of aniso­

tropy can affec t L11 e symmetry of the VL. 

Our small-angle neutron sca ttering 

inves tiga tion s of the VL in LSCO have 

been performed both on the D22 and 

SANS-I (PSI. CH) instruments. The 

sample wa s a slightly overcloped LSCO 

single crysta l (x = 0.17. T, = 37 K). 

grown with the TSF'Z method. by the 

group of Prof. Oda at Hokkaido Univer­

sity (Japan). The structure of LSCO at 

low temperature is orthorhombic with 

the c-axis perpendicular Lo Ll1e CuO, 

planes. In our notat ion th e { 1, 1} 

direc tion is along th e Cu-0-Cu bonds. 

F'or most of the measurements the c­

axis was or iented along th e magnetic 

fi elcl direc tion (a pplied hori zo ntally 

parallel to the incident neutron beam). Figure I : Schemati c view or Lil e magneti c phase diagram of high-temperature supercon­
cluctors. 
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Figure 2: Diffraction pattern obtained on D22 at a) B = 0.1 T applied I O degrees out or 
th ee-axis and b) B = I T applied para llel to the e-axis . 

Our experimental results Llicrefore incli­

ca te that. in slightly overdoped LSCO. 

an in tr insic square vortex lattice (ori­

ented along the Cu-0-Cu bonds) exists 

at field s larger than 0.4 Tesla. Similar 

effects have been reported in YBa2Cu:,O, 

(T, - 90 K) . but at much higher magne­

tic fields 14,5]. One should notice l1 owe­

ver that in YBa2Cu~01 the square VL is 

or iented at 45° from the Cu-0-Cu bonds. 

An intrinsic rourfold symmetry is indica­

tive or the coupling or Llie VL Lo some 

source or an isotropy Square VL resul­

ting from L11e anisotropic (cl-wave) natu re 

or th e supercond uct ing gap via the 

increasing importance of the anisotro­

pic vortex cores at high fields l1 ave been 

L11 eoretically preclicLecl 16.71 . In princi­

ple other sources or anisotropy. such as 

L11ose in vo lving Fermi surface/velocity 

anisotropies 181. dynamical stripes 01· 

cl1argc-clensiLy waves. could lead Lo the 

formation or a square vortex latti ce. It 

remains a challenge to corroborate deta i­

led small-angle neutron scauering mea­

surements with 0L11 er microscopic data 

in order Lo explain Llie 01•igin of this exo­

tic vortex behaviour. 

Pigu rc 2 shows diffra ction paucrn s 

obta ined on D22 at T = 1.5 K after 

subtracti on or a backgrnund taken at 

'I' = 40 K (>TJ 

J\t B = 0. 1 T. when th e l'i eld is applied 

along the c-axis. one obse rves a ring­

like distribution or intensity. which is 

con sistent with th e superposition or 

four hexagonal domains or iented along 

Lh ccrysta ll incaxe. (1.0) , (0,1). {'l.1} 

ancl ( 1.-1 }. In order Lo lirt Lhe degene­

racy or the vortex lattice. we rotated the 

c-axis 10 clegrees away l'rom the l'ield 

direction. As a resul t a hexagonal pat­

tern emerges. as shown in l'igu re 2a. 

AL 13 = l T the intensity is concentrated 

in !'our bright spots oriented along the 

{ 1, 1} and (1 .- I} directions (see figure 

2b). Even rotating the c-axis 30 degrees 

out of the field clirection reta ins th is four­

fo ld coord ination. The VL is only slightly 

distorted Lo a rhomboid . as expected for 

superconductors with un iaxial anisotropy. 

The experimental evidence thu s indi­

cates a fi eld-induced crossover From a 

hexagonal VL at low fi elds to an intrin­

sic square VL at higher l'ields. 

In order to quantify this fi eld-induced 

tran sition. we analysed our claLa in two 

altern ative ways (see l'igure 3). Th e 

relationship between the magnitude q or 

the l'undamental wavevector or th e VL 

and the applied magnetic field B depends 

on a structure dependent quantity 

a = ( 2;)1:. wl1ere 0 is equal Lo 0.866 

for a\exago1nal VL and 1.0 for a square 

one. F'or fi elds larger than B = 0.4 T L11 e 

values or 0 are as expected For a square 

VL. wh ereas at lower fi elds they are 

consistent with that or a hexagonal VL. 

We also monitored the in tensity ratio in 

sec tors (± 15 degrees) conta ining the 

(1,0) and (1.1) direc tions for l'i elds 

applied parallel to the c-axis. Indeed 

the in tensity ratio decreases stead ily 

from 1 at 13 = 0.1 T to about 0.2 above 

13 = 0.4 T and then remains con stant. 

>+--- hexagonal 

0.85 
~~~~-~-~ 

o.o 0.3 o.6 0.9 1.2 

Magnetic Field (Tesla) 
o.o 0.3 o.6 0.9 1.2 

Magnetic Field (Tesla) 

Figure 3: 1\vo alternative ways or quantifying the fi eld-induced transition from hexagonal 
to square vortex lattice (see text). 
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I n MgB2 layers of boron atoms 

arranged in a honeycomb lattice 

are separated by Mg spacers (see figure 

1 ). Th e material is known since more 

than 50 years and can be bought of the 

shelf for a couple of Euros. Like in the 

case of fu llerenes the high T, of about 

40 K discovered in MgB2 came as a big 

surprise. A tremendous rush of both 

theoreti ca l and experim ental work fol­

lowed the first publication . Our cur­

rent understanding allows us to draw 

a rather complete picture of the phys ics 

responsib le for superconductivity in 

MgBr The electron pairing in MgB2 is 

phonon mediated. The coupling varies 

appreciably depending on the sta te of 

the elec tron [2]. This lead s in par ticu­

lar to two well-separated gaps in the 

electronic excitation spectrum [4]. Only 

selected phonons participate in th e 

coupling process. These phonons, how­

ever. show a very strong coupling. 

It is possible to ga in insight in to the 

electron-phonon coupling by investi­

gating the evolu tion of phonon spectra 

in the mixed Al,Mg11_, 1B2 system [3]. In 

pure MgB2 th e Mg ions donate two 

elec trons to the boron sheets, which, 

therefore. should be isoelectronic to 

graphite. In graphite three of four 

va lence electron s are bound in cr-orbi­

ta ls lying within the plane. The forth 

electron is placed in a non-bonding n­

orbital which sticks out of the plane. cr­
and n-orbitals equally exist in Mg82. 

Unravelling 
superconductivity in Mg82 

Superconductivity is still one of the major puzzles of solid state physics. While 

BCS theory provides a basic understanding in terms of electron pairing the 

intrinsic properties of superconducting materials remain difficult to predict. 

This holds in particularly for the high-temperature oxide superconductors 

where even the attraction mechanism responsible for the pairing remains 

elusive. The recently discovered superconductor MgB2 with a T, of about 40 K 

[1] offers a different picture. It has a sufficiently simple structure to be 

accessible to modern ab-initio calculations [2]. These provide us with a 

good understanding of both the electronic band structure and the phonon 

spectrum. Neutron spectroscopy constitutes an important check on the 

validity of these calculations, confirming strong electron-phonon coupling 

for only a subset of vibrational modes [3]. Using the band structure results 

it is possible to predict T, based on the anisotropic Eliashberg equation [4]. 

boron honeycomb planes 

Figure 1: Schematic picture of MgB,. Boron planes are separated by Mg spacers. The ato­
mic orbitals leading Lo c,- (inplane) and 1t- (out-of-plane) bonding are indicated. 

However. as band structure ca lcula­

tions show, the positive attraction exer­

ted onto the elec tron s by the Mg ions 

transfers about 10 % of the elec trons 

from the cr- into then-orbitals. We are 

thu s confronted with hole-doped meta l­

lic boron planes. By gradually replacing 

Mg with Al, we pump electrons in to 

the sheets wh ile hard ly alter ing the 

chemica l structure. Experimentally we 

observe th at superconductivity beco­

mes weaker and fina lly completely dis­

appears at high Al leve ls [5]. 

In figure 2 we show how the phonon 

spectrum reacts to Al doping. The den­

sities of sta te have been obta ined in 

upscattering on isotopically pure sam­

ples using the in strument ING. We 

immediately reali se that the spectra 

depend strongly on the presence of Al 
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sys tem and thus fi ll ing th e cr-holes 

strongly influences th is pumping pro­

cess and thu s the phonon t"requencies. 

Elec trons and phonons can no longer 

be viewed as separate entiti es: i. e. 

they are strongly coupled. 

ENERGY[meV-] 

Modern ab-initio ca lculations are capa­

ble of reproducing the elec tron-phonon 

coupling for the ordered end members 

MgB2 and AIB2. F'or the intermediate 

systems experimenta l data as presented 

here are the only source or information. 

Th e trong coupling is certainly th e 

deeper reason fo r th e high 1\ in MgB2. 

It is equally essential that the frequen­

cie or th e phonon contributing to the 

coupling arc high. However. th e high 

frequencies are fortunately due to the 

light mass of th e bo ron ion and not to 

strong resto ring forces. AIB2 has far 

higher vibra tional frequcncie but. 

according to th e ca lculati ons. lower 

electron-phonon coupling. It still should 

be a superconductor according to basic 

theory, wh ich it is not. So putting all the 

parts of the puzzle togeth er i Lill a 

challenge. even in MgBr 

Figure :l : Phonon den ities or states as a ru nction or Al-doping. 1-:Xperimenta l resul ts obta ined 
on IN6 (a) arc compared with theoretica l calculations (b). R Indicates position or Raman mode . 

in parti cular at higher energies where 

exc lu sive ly the lighter Boron ions 

vibrate. The compari on with the theo­

retica l ca lculations for the pu re sys­

Lcms MgB2 and A!B2 is excellent. The 

ca lculations allow us Lo identify the 

character of th e modes contributing 

to the experim entally observed shirts. 

IL LUrn s out that the boron modes with 

propag tion vec tors along th e hexago­

nal stacking ax is and di splacement 

patterns in the boron planes (see figure 

3) reac t radically to the doping. Th is is 

a strong ind ication for pro noun ced 

elec tro n-phonon coupling or these 

modes . In so-ca lled adiaba tic systems 

vibrational frequencies ca n be pre­

dicted knowi ng the potential E( (R} ) 

which ind ica tes how the elec tronic 

energy E changes as a function of the 

ionic coo rdinates {R} . In MgB2 the par­

ticular et of boron vibrations menLi ­

onned above i no longer compatible 

with th is simple de cription. The move­

ment of the bo ron ions strongly redi s­

tributes elec trons among band heavily 

distorted around the F'ermi-level (see 

figure 3). In other word s the phonons 

not only influence the tota l energy or the 

electronic sys tem bu t pump elec trons 

from one state in to another in a syn­

chronized way. Aclding electrons to the 

0 
t ♦ 

0 ◊ 
t r M L A r r M L A. r 

Figure 3: Schematic presenta tion of two vibrational patterns involving stretching or cr-bonds 
in the boron planes. The deformation of the hexagons during the vibration leads to a strong 
modifica ti on of the cr-band structure as indicated to the right. Electrons are pumped to 
di fferent states via the vibration leading to strong electron-phonon coupling. 
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Pointing the way in biology 

Aurelie Vandeneynde (IBS, Grenoble) during ber experiment on 
I 13. 

Joe Zaccai and Isabelle Grillo analysing 
their data on the small angle scattering 
instrument D22. 

Roland May, checking the vacuum tube ol' the 
D22 detector. 

Marit;e Cardenas, Lund University (Sweden) 
during a talk on the adsorp tion ol' DNA 
and DNA-CTAB complexes at bydrophilic 
and hydrophob ic silica surfaces. 
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Te Biology College at the ILL tra­

ditionally has been dealing with 

he structures of biological 

macromolecules in solution and in crys­

tals, as well as with their dynamics. In 

the last years, work on the borderline 

between "soft condensed matter" and 

biological structures has been added 

to the topics that are being peer-revie­

wed by Subcommittee 8 (Biology). Arti­

ficial membranes, for instance, often do 

not have exactly the compositions found 

in vivo, but research on them will ultima­

tely provide information that is valuable 

for understanding "real" biological sys­

tems. A similar argument holds for cry­

stallographic or inelastic investigations 

of compounds of biological macro­

molecules (e.g. oligopeptides, i.e. short 

chains of amino acids). Studies of the 

interactions of nucleic acids and lipids 

(fats) are relevant for developing vectors 

for the introduction of genes into ill cells. 

Nearly all of the work done with neu­

trons in biology is based on the par­

ticular properties of the naturally 

abundant hydrogen and its heavy iso­

tope deuterium. In terms of its neutron 

scattering amplitude, deuterium beha­

ves much like the two other biologi­

cally most frequent nuclei, carbon and 

oxygen, whereas normal hydrogen is 

"exotic", with an amplitude about half 

the size of deuterium, but negative. 

Contrary to X-rays, neutrons can "see" 

hydrogens, because of this smaller, 

but still relevant amplitude, whereas 

the X-ray amplitude is proportional to 

the charge of a given atom. 

Biology 

At low resolution, it is the contrast that one can create by replacing deuterium 

for hydrogen either in the solvent or in the macromolecules themselves. The 

former "contrast variation" allows one to distinguish between components of 

macromolecules that differ in their specific hydrogen content. This is the case 

for proteins, sugars, lipids, and nucleic acids. In a virus, for example, the pro­

tein hull becomes "invisible" for neutrons at 40 % D,O in the aqueous solvent, 

while the nucleic-acid core vanishes around 70 % D,O. The latter "specific deu­

teration" allows one even to highlight parts in a molecule that are of naturally 

identical composition, e.g. single amino acids in a protein, or a single protein 

in a large complex like the ribosome, the organelle that translates the genetic 

code to proteins. 

Two of this year's highlight reports are using the techniques described above, 

a study of collagen in human bone (Aspden et al.), and a study of the location 

of two proteins in a double-stranded RNA virus (lkonen et al.) . 

Neutron-crystallographic studies aiming at revealing the location of hydrogen 

atoms that are crucial for reaction mechanisms are increasing in number and 

in the volume of biological beam-time allocation at the ILL. So are investigati­

ons of the dynamics of molecules, where one must not only count experiments 

performed on ILL-owned instruments, but also such on the Franco-Italian CRG 

instrument IN13. 

At present, about every eighth instrument day at the ILL is devoted to 

experiments in the field of Life Sciences. Although, evidently, neutrons are 

not the main tool for investigations in this area, they can answer questi­

ons that cannot be solved by other techniques, as indicated in the above 

examples. 

The ILL has decided to further strengthen its support for biological research by 

co-founding the Partnership for Structural Biology (PSB), an initiative to create 

a Centre of Excellence for Structural Biology at Grenoble, together with the ESRF, 

the EMBL and the I BS. A milestone for the PSB was the signature of the inter­

national agreement for the Partnership on 15 November. The Biological Deu­

teration Laboratory, one of the corner-pillars of this scientific collaboration, has 

completed its first year of activity; two gene products have been successfully 

expressed in deuteriated form and used in diffraction and scattering experiments: 

aldose reductase (A. Podjarny et al.), and plasmid DNA U. Lawrence et al.). An 

account of the progress of the Deuteration Laboratory can be found on page 

62 of the Annual Report. 
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Bone can be described as a natu­

rally occurring fibre-reinforced 

ceramic. It is formed as a cartilagi­

nous precursor. in which fibres of co l­

lagen provide reinforcing to a gel-li ke 

matrix. This becomes impregnated with 

ca lcium phosphate mineral, in the form 

of small, poorly-crystalline apatite crys­

tals, which considerably increases the 

strength and stiffness of the material. 

Bone is found in two main form s: cor­

tica l and cancellous (or trabecular). 

Cortical bone is dense and compact 

and makes up about 80 % of the mass 

of the skeleton. It form s the outer shell 

of most bones. Cancellous bone has an 

open spongy texture and hence is 

lighter but less stiff and strong. It is 

found primarily at th e ends of long 

bones and in the interior of short bones 

such as spina l vertebrae. The X-ray of 

a hip in figure 1 shows the difference 

in density between the two types of 

bone: cortica l shows up as bright white, 

cancellous as darker, in which the open 

structure can just be seen. 

Collagen is a triple-helica l molecule, 

about 300 nm long and 1.5 nm diame­

ter. It assembles into fibres with a rela­

tively disordered side-to-side packing 

of molecules but a regular axial 

structure with a repea t distance of 

about 67 nm. These structures can 

grow up to nearly 1 mm wide and of 

unknown length though commonly they 

are 10 -100 mm across. 

Collagen in human bone, 
a small-angle scattering study 

Bone forms the skeleton on which depends our ability to stand, walk, and 

perform all the amazing things we can do with our bodies. However, in the 
elderly, alterations in the bone can lead to serious problems: loss of bone 

in osteoporosis results in bone fragility and a rising tide of fractures; pro­

liferation of undermineralised bone in osteoarthritis indicates problems with 
metabolism and cell behaviour. The protein collagen and the mineral apa­

tite are the main constituents of bone and changes in either of these can 

lead to loss of mechanical integrity. However, studying the structure of col­

lagen in the presence of mineral is difficult. Hence the need for neutrons. 

Mineraliza tion of the cartil ag inous 

matrix alters the packing of the co l­

lagen molecules but presents a chal­

lenge to th e measurement of that 

packing. In non-mineralised ti ssue. 

X-ray methods for studying co llagen 

are well establ ished. But, for fully 

mineralised bon e, these are only pos­

sible with thin sections ( ~ 100 µm) of 

co rti ca l bone because of th e strong 

sca ttering by th e minera l itse lf. It is, 

however, ca nce llous bone which is 

biologically th e more importa nt 

becau se of its more rapid turnover 

and its role in diseases as outlined 

above. 

Neutron diffrac tion wou ld, therefore, 

seem the technique of choice for the 

study of intact bone. It has been used 

previously to study soft tissues and 

demineralized bone, and also for the 

study of bovine cortical bon e. This lat­

ter study showed a reduction in the 

latera l packing of co llagen as the bone 

was dehydrated. and it was this we 

used as a sta rting point for our own 

study, in wh ich for the first time we 

have recorded neutron diffraction pat­

terns from co llagen in human cancel­

lous bone. 

Figure 1: X-ray of the hip mgion. showing 
the location and relative densities of can­
cellous and cortical bone. 

Th e latera l spac ing to be studied 

occurs at a O va lue of ~0 .5 A- 1
. At 

016 , the detector that we used 

covered a ~9° 20 range which corres­

ponds, at A-=4 .54 A, to a range of 

0.4 A- 1 in O and thus data could be 

collected with the detector statio­

nary. In addition , 016 had ju st been 

equipped with a humidity chamber, 

which ensured that sa mpl es could 

be kept full y hydrated. Th e chamber 

also allowed a degree of temperature 

control; for this study, data sets were 

co llected at 293±2 K. The prepara­

tion of sa mpl es is de sc ribed 



cl cwherc [1]. We studied co rti ca l 

bone fir st. for co mpar ison with 

pub li shed data [2] . followed by mea­

surement of a number of can ce llous 

bone sa mples. both osteoporotic and 

osteoarthr i ti c. 

The measurement of the peak position 

was th e most cru cial pa r t of the data 

analysis. We used the instrumental 

background subtraction facility in 

L/\M P [3] and then used a Loess 

function to model the peak shape. The 

fir st deri vative th en gave the pea k 

position. By adju ting the fitting para­

meters. slight variations in the chosen 

function also allowed an es timate or 

• Hydrated 

• Dehydrated 

.3 0.35 0.4 0.45 0.5 0.55 o.6 0.65 
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Figure 2: eutron diffracti on patterns 
recorded rrom cortical human bone. sho­
wing comparison between hydrated and 
dehydrated bone. 

the error. In cortica l bone the pea k is 

well defi ned (figure 2) and the lateral 

spacing was lower for th e dehydrated 

bone, as reported elsewhere [ 2] . 

However. the actual va lues (12.30(2) A 
for hydrated and 11.91 (4) A for dehy­

drated) differed from those previous­

ly repor ted: thi s can be accoun ted 

fo r by differences in th e meth od of 

peak fitting and in the level of dehy­

dra tion [1 ]. 

F'igure 3 shows pattern s obta in ed 

from cancellous bone. which are not 

so well -defin ed as tho e for cor tical 

bone. The main difference ari ses 

from the lower density or cance llous 

bone. bu t there may also be an influ ­

ence of extra disorder, as it is pos­

sible that the longitudinal alignment 

of collagen fibres is less in can ce l­

lous bone. The pea k positi ons were 

es tabli shed using the sa me method 

as for the cortica l bone and with a 

simi lar level or accuracy. Average 

va lues were 12.53(9) A for osteoar­

thr it ic and 12.33(25) A for osteopo­

rotic bone. The number of samples in 

th is ini tia l study wa s not enough for 

sta tistical compari son s to be made 

betwee n th e two groups. but we 

fou nd th e spread or va lues Lo be 

grea ter for osteoporot ic th an fo r 

os teoarth ri ti c bone. In futu re stu­

dies . we will analyse a grea ter num­

ber of sa mples so as to provide a 

true comparison. and also will inves­

tigate the effec ts of contro lled dehy­

dration. These data will be compared 

wi th analyses of composition and 

mechanica l propert ies . 

In summary. we have demonstrated 

th at not only is neutron diffrac tion a 

feasible technique for the study or 

collagen withi n in tact human bone. 

but th at the data prod uced is of high 

enough quality to merit a more detai­

led analysis. 

• Dsteoporotic Cancellous 

0.3 0.35 0.4 0.45 0.5 0.55 o.6 0.65 
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Figure 3: Neutron diffi•aclion patterns recor­
ded from cancellous human bone. One exam­
ple From each disease group (osteoarthritic. 
osteoporotic) is given. 
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Because dsR A genome cannot 

be replica ted by the host repli ca­

Lion machinery d RNA. dsR A viruses 

musl carry their own polymerase. Tl1e­

refore. most cl R 1A viru ses employ 

similar archi tectu re. a polymerase com­

plex (a lso ca lled a core). for sequ es te­

ring th e genome from t11 e cellular envi­

ronment and for effec tive replication of 

the genome [I] . The polymerase com­

plex consti tutes th e innermost compo­

nent or th e ma LU re virion and it is for­

med from mul ti ple copie of a ma ll 

number of virally encoded tructura l 

pro tein ancl enzyme . Typica l lifecycle 

of a cl sR A virus is exemplified in figure 

1 using ba cter iophage q> 6, a model 

organ ism for studying as embly and 

replication of other cl sRNA vi ru es . 

q>6 is a triple-layerecl icosahedral phage 

infect ing Pscudomonas syringae [2]. 

The polymerase complex is composed of 

Four protein ·pecies (copy number in 

pa renthe es). PI (120). P2 (12). P4 

Figure 1: Lire cyc le or bacLerioph age <1>6. Th e 
vlrion . conLaining 3 clsRNA segments S (small) . M 
(meclium) . L (large) atLaches Lo U1e hosL cell (a) 
ancl Lile polymerase complex peneLrates the hosL 
membranes ancl loses both Lile envelope ancl Lhe 
nucleoeapsicl coaL (b). The polymerase complex 
is activatecl and pmduces transcript mRNA (c) 
which arc subsequently Lranslalecl inLo viral pro­
teins (cl l-d2). An empty polymerase complex (pm­
capsid . PC) is se lF-assemblccl rmm pmtcins PI . 
P2. P-1 and P7 (e). The icosaheclral procap icl 
speciflcally packages Lhc Lhrec single stranclecl 
RNA molecules s·. m·. and 1- (f) . The packagecl 
ssRNA (g) is repli ca tecl by viral RNA polymerase 
P2 inLo the ctouble sLranclecl form in icle the poly­
merase complex (h) . The polymerase complex is 
coaLecl by a hell or protein PB to rorm a nucleo­
capsicl (i) . which is ubsequcnlly envelopecl ancl 
mature vlri ons (j) leave the cell by lysis. 

Localisation of the 
polymerase within 
a dsRNA virus assembly 

The polymerase core of double-stranded (ds) RNA virus provides the mole­

cular machinery for RNA packaging and replication . Procapsid of bacterio­

phage <j>6 constitutes a well-studied model of such RNA-processing machine. 

Due to their low abundance minor procapsid constituents, P2 (RNA poly­

merase) and P7 (packaging factor), have not been localised. We have 

applied small-angle neutron scattering (SANS) and contrast variation in order 

to localise the two proteins. Radial positions of labelled proteins were 

obtained and modelled within the electron density of the procapsid. P2 mono­

mers reside at each five-fold vertex just under the RNA packaging complex. 

P7 was detected at distance of 160 A from the procapsid center indicating 

localisation on the inner surface of the procapsid. 
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(72) and 1'7 (GO) toge lher Wilh Lh rcc 

dsR1 . cgmenL. I I form a dodecahe­

dral fra mework of Lhe complex (a 7'= I 

laLLicC'. LriangulaLecl wilh dimer ). l~ach 

fivC'- fOl(I verLC'X con La ins a P4 hcxa mer. 

, l1ich is the packaging TPa ·e 131. 

It is assumed that one P2 monomer 

(Llw RNA-cl epenclent R A polymera e) 

i. present at each fi ve-fold ve rtex of PC. 

Similar! . the toichiometry of P7 (30 

dimers) indica LC' tl1 at one dimer is 

assoc iat.C' cl with each of th e two- folcl 

s mm etry positions. In neither case 

Lil e loca li sa ti on has lieen confirmed 

cxpnim C' nLally. 'l'llC' inLrin, ica lly lo\\' 

contras t of proteins \\'ilhin assemllli es 

ancl the breakdown of stricl icosahedral 

symmetry within the proca psid ma(l l' 

il clil'l'i 'UIL LO lo ·a liSl' P2 and P7 l)y 

elec tron microscopy (l •:r-..1). 

In orcler Lo circumvent L11 e sl1ortcomings 

of elec tron microscopy (I~ I) in loca li ­

sing minor capsid componC'nls. Wl' llavc 

resorted Lo small -angle nculron sc· itlc­

ring (S/\NS) and corlll'a sl va riati on Lo 

clcterminr the po ·it ion of P2 ancl 1)7. 

Se le 'Li ve cl euLe1•i11 m labell ing has Ileen 

fac ilitated by the <j>(i in vitro assembly 

systl'm l 41 . The neutron sca llr ring C'XPl'­

rimcnts were performed at U1e higl1 flux 

IJeamlinc D22 of ILL. Three se ts of pro­

ca psid sa mples were measured. unla­

belled (PC). PC conta ining cleuteratecl P2 

(designated PC-P2-cn or P7 (designated 

PC-1'7-cn. respec li,·ely (figure 2) . 

Tlw deuLeraLccl sub-un its were model­

lrcl a a collec tion of spheres. Based on 

th crys tallographic struelu re of P2 151 
and stoichiometric on iderations onr 

1'2 (modellccl as a phC' rc of 30 racliu . ) 

was positioned on ra h of the twelve ico­

sa hrclral 5-fold axrs. The parameter or 

thc model was thc cli. Lance or the ·ub­

units from the ce nter or the proca psicl. 

The 60 P7 sub-units we re modcllccl as 

:30 cl imers. each clim C' r con, i ling or a 

linC'a r str ing or I O bcad ' (s tring lcngth 

-
Fig111'<' 2: ~loclel or P2 anrl P7 location. I.ell: Surface rcprcscnlalion or L11e pl'Ocapsid clecl­
mn clcnsill cs 131 . Righi : Verti ces shown in a cross-section Lhmugh the procapsid 1•: ~1 rlen­
sily willl radia l µosilions or 1'2 and 1'7 indicated by Lhc while and yellow circles . respecli­
vel). !Ising Lhe S.\NS constraints nvc 1'2 atomic models \\err placerl "ilhin !he 1-: \1 elecl­
ron rtensllics under I he n, e-rolcl , erlil'l'S In the cross-sec I ion . 

200 A. lJracl diametcr I O ) with Lhc 

string axc perpendicular LO the 2- fold 

symmC'Lr axes: i. e. P7 dimers we're 

posilionccl along thr rloclecahcclra l eclgcs 

or the 1)1 rramework. Tlir l'iLLecl parame­

ter was the di stance or the string cen­

tcr rrom the procaps id ccntC' r. 

The scaurring rrom un lallcllccl proca p­

sid gives a smea red she I I moclel wh osC' 

parameter · are in \'Cry good agreement 

with the procapsicl raclius cleterminecl b 

cryo-1•: M (diameter 460 A) 13]. The riL 

or the P2 model Lo L11 e claLa col lr ctccl 

from th e proca psicls wil11 deuterated 

P2 also sho\\'ed goocl correspondence. 

Tl1e distance of P2 rrom the proca psid 

ccnter was 11 0 A. A spl1 crc or radius 

I I O in tersects Lile E~1 densities on L11c 

inner surrace of the procapsicl at posi­

tions just uncle,, Lhc fi ve-l'old ve l'Lex 

(figure 2). Thu s. the most likely po iLion 

of P2 is uncler the l'i ve-fold vertex in 

contac t with the PI framework ancl in 

clo ·e proximity to thr packaging machi-

ncry (c.g. P4 hexamcr). A similar arran­

gemcnt l1a l1een seen \\'ithin th e rota­

viru COi'(' 16 1 ancl inferrecl from Lil e 

IOW-rl'solulion X-ray morlcls of BTV 171-
This inclica tcs llia t th e position or the 

polymr rase mac l1iner is conse r\'ed 

across a wiclC' range of clsRNA virus sp('­

cics and is clictatcrl by similar genomic 

organisa tion and repli ca tion mode. 

The P7 moclr l yieklecl an ave rage raclial 

di Lance of 160 A. but ra ther noisy data 

makes this eslimaLr less reliable. I C'ver­

tlw less. Ll1 e present es timate of raclial 

position indica tes that P7 might be loca­

ted insiclr Lh f' particle aL a site L11 at is 

distal Lo the replica tion ancl packaging 

machinery. P7 may ac t as an internal 

stabilising clamp or Lllf' dodecahedral 

framework as recently ·uggesLcd [4]. 

These studies demonstrate Lhe unique 

abil ity of neutron small-angle sca ttering 

combined with deuterium labelling to 

locate in silU the pre ence of pecific 

ub-units \\'ithin a multi-protein comple.\. 
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Deuterated plasmid DNA 

for gene therapy studies 
L. Kudisova, J. Lawrence, 

(King\ College, London) 

M. Hartlein, T. Forsyth, 
V. Laux-Lesourd, I. Parrot (I LU 

Tremr nclous opportunities e ist to u e 

genes Lo tackle di seases hitherto 

untrca Lablc by tractitional lines of drug 

llierapy. In the case or acquired cli sca­

srs like /\ IDS. th e goal is to delive r a 

gene whicl1 makes a protein~ hich ei­

ther kill s th e in va ding organism. or 

alternati ve ly triggers I.he body"s natu­

ra l derr ncr sys tem to des troy iL. l•'or 

inhcritecl diseases such as cys lic fibro­

sis. tl1c id ea is th at a gene will be 

introduced to di seased pati ents· ce ll s 

10 enable Lh r pl'Oduction of a protein 

lhat is derectivc or absent. so that th e 

patients arc retu rned Lo goo I hea lth . 

Icor the present. however. such treat­

ments amount Lo little more than 

n viva deuteration 
of proteins and DNA 

The ILL/EMBL Biological Deuteration Laboratory is now up and running. There 

has been a steady expansion of facilities and P2 level laboratory space is cur­

rently being constructed. A major UK based EPSRC award for projects that will 

exploit this facility will start in February 2003, strongly complementing an exis­

ting EU RTD award. Two major user projects have been completed and others 

are in the pipeline. In addition, a healthy in-house program is under way as 

well as preparations to join the Partnership for Structural Biology (PSB) . 

wishful thinking beca use we do not 

ye t have any effec ti ve method (s) or 

gene delivery. l~a rl y efforts to deliver 

genes to a patient's ce ll s by packa­

ging th em in side viru ses have proved 

disappointing. Much or th more recent 

work has focussed on the u ·c of gene 

delive ry vehicles prepared by mixing 

the gene of interes t with ca tionic vesi­

cles - ie sub-microscopic sph eri ca l 

parti cles prepared from pos iti ve ly 

charged lipids. 

Central to th e success or a gene deli­

very vehicle is an understanding or the 

interaclion of th e ve icle • wi th the 

added gene. and of th eir behav iour 

when they encounter the body· ce ll s. 

For exam pie. whether the compl ex co l­

lapses upon encountering a membrane 

or remains in Lac t is vilally imporI anI 

in determining whether the gene enters 

Lh ' targe t ce ll. Surprisingly. howeve r. 

there have been virtually no sturli t•s 

concemed with looking ithcr al lhl' 

cl tailed structures or the gcnc-v<·s iclc 

complexes. or wi th their subsequent 

interac tion with ce ll membranes. 

Resea rchers in the Pharmacy Depart­

ment at King·s College toge th er with 

colleagues at the II. I, and Kee le Univer-

ity have embarked on a progra mme of 

resea rch to adclrcss th ese qu es tions. 

using neutron sca ttering techniques 

coupled with contrast va riation (that is. 

the technique or 'highlighting· specific 

components of the sys tem or intcresL 

by elec ti ve deuteralion). Small angle 

neutron scauering. on D22. ha been 

FigurC' 2: X-ray cry La l slructurc or I luman i\ldosc Rcclucla ·c. 



successfully used to examine the inter­

ac tion betwrrn genes and ca tionic vesi­

cles as we ll as providing information 

ahout the overall size and ·hape of th e 

gene delive ry ve il icles. Neutron specu­

lar refl ection stuclics on Dl 7 have been 

used LO sec wheth er th e gene delivery 

vehicles adsorb and col lapse at Lhe 

ce ll surface. or whether Lh ey remain 

inLacL aL th e surface allowing th eir 

gene payload LO be (ielivered into th e 

ce ll. This is Lhe first Lime uch studies 

have heen uncle!'laken. Central LO the 

success of these is Lh e oppol'lunity Lo 

use boLh hydrogenous and deuLeraLed 

form s of I) A in our sLu cly. In October 

2002 Leila Ku(li sova and ,Jayne Law­

rence from King·s Co llege visited the 

facility Lo producr and purify (per)deu­

terated plasmid DNA. A protocol for fer­

mrnLaLion and large-sca le purification 

of I) A developrd in thr DeuLera tion 

I ,a il was used Lo pro(lucc mg quanLiLies 

of DNA. Thi s material will ile used LO 

increase conLrasL in Lhe vrs icle/D A 

binding studies. 

Deuterated Human Aldose 
reductase: A target for drug 
design. 

I . Hazemann, A. Podjarny 
(Strasbourg) 

M. Hartlein (ILL), 

0 . Myles, M.Th. Oauvergne 
(EMBL-Grenoble) 

Diabetes is a chronic clisea e alTecLing 

as many as 150 million people world­

wide. Peo pl e wiLh diabetes are unable 

Lo usr the glucose from Lhr ir foocl which 

then accumulates in Lhr bloodstream. 

where il can clamage the heart. kidneys, 

eyes and nerves. Left untreated. dia­

betes can develop devasLing compli­

ca tions Lh aL lead LO disability and dea th. 

Enzymes involved in I.he development 

of Lhe di sease are th erefore lead ing 

targets for drug design in Lhe pharma­

ceutical ind ustry. 

Human Aldose ReducLa se is imporLanL 

because it reduces D-glucose into 

D-sorbiLol and is believed Lo be involved 

in degenerative complications of diabe­

tes. The ca talytic r·eacLion involves a 

hydride transfer from the C4 a tom in 

the nicotinamide ring of the coenzyme 

ADPII and a proton donalion from 

the enzyme. Due Lo iLs medica l interesL. 

numerou s X-ray. site-direc ted muLa­

genesis and modelling studirs of AR 

have been carried ouL. Current high 

reso lution (0.66A) X-ray stru cLUres 

have determined the proLonation slate 

of the cata lytica lly important res idues, 

as well as of inhibitor binding and of the 

solvent strucLUl'e, bul the H-atom signal 

is weak. and Lh e protonation state is 

clea rly seen on ly for Lhe mosL ordered 

atom s. Neutron diffrac tion experiments 

on LADI should now help determine 

the fine detail of Lile inleratomic inter­

ac tions between th e chemica lly impor­

tant hydrogen atom of the protein and 

potential drugs. 

In January 2002 Isabe lle Hazemann 

from the protein crysLa llography group 

of Alberto Podjarny (IGBMC. Stras­

bourg) spent two weeks at ILL gro­

wing deuterated ce lls for th e expres­

sion of the Aldo e ReclucLase in iLs full y 

(per)deuteraLed form . The experiment 

was an unqualified success. with high 

cell density growth in only 1.5 litres of 

deuLerated minimal media producing 

- 100mg of labe ll ed protrin. Th e 

D-labelled prote in is now being crys­

tallised for neutron crysla llograp l1 y 

SLUdi es on LAIJ I. The abi lity LO locatr 

th e hydrogen atoms or interest and 

Lhus define th e protonaLion sta trs of 

many side chains inclucling th e ac ti ve 

siLe groups should help in the cles ign of 

beLLcr drugs. 

The Deuteration Laboratory as part 
of the Partnership in Structural 
Biology (PSB) Programme 
On ovc mber 15"' . ILL signecl a Memo­

randum of UnclersLancling with th r 

ESRfi'. EMBI. and Lil e lnslilul cle Biolo­

gic StrucLurale establishing the Partner­

ship for Structural Biology_ This project 

Lo crea te a centre of excellence wil I be 

marked by th r construction of a new 

building providing laboratories for clo­

ning. gene expression and purification 

of bio logica l macromolecules and will 

also have spec iali sed rooms for the 

operation of. for example. ferment.ors. 

Willi completion expec ted in 2004 the 

present DeuLeration Laboratory will 

cxpaml into Lhis building which will be 

constru cted alongside Lil e pre, r nt 

ILL20/F:MBI.. 

Th e provision of isoLopica lly labellrcl 

an cl deuLeraLecl macromolecules will 

grea tly enhance both the quality ancl 

quantity of experim ents Lhat can he 

clone using neutron sca tter ing al ILL 

and NM R at JBS. ancl in many cases will 

make feas ible new ancl more sophi sti­

ca ted experiments than can presently 

be performed. More information ca n 11r 

obta ined at hLLp://psb.esrf.fr/ 

Members of the ILL user community may apply to use the Deuterat ion Facil ity through a peer review 
process. The facil ity, under the direction of Dr Michael Hartlein (ILU with the technical support of 

Benoit Gallet OLU. funct ions in much the same way as an ILL instrument. 
(for further details see: http:/ / www.ill .fr/pages/ science/ User/UProposals.htm#anchordeutl 



The Scientific Council in April di cu -

ed in d tail the cientific ea e for the 

horizontal renectometer (propo ed by 

Bob Thomas. Adrian Rennie. Robert 

CubiLL and Giovanna F'ragneto. here in 

Small is beautifu 

the photo) and agreed that the con­

struction of this instrument would have 

a major impact on the tudy or rree 

liquid surface and interfaces in biology 

and soft conden ed matter. 

Cedric Lorlhioir and Angel Alegria from an Seba lian, doing 
Lheir experiment on mi cible polymer blend . 

Hcrve Jobic (CNR -Villeurbann ) and Georg Ehlers during Lheir 
experiment on Lhe spin-echo machine I 1 I. 

David Bowyer preparing a cryostat on D1 I . 



Isabelle Grillo, College 9 Secretary 
http:/www.ill.fr/ colleges/ c9/ 

Egyptians knew how to filter 

muddy water, Chinese were 

able to prepare stable inks. 

This empirical knowledge has crossed 

the centuries and gave rise to the field 

of research called "soft condensed 

matter" , that investigates physical 

properties and structural characte­

rist ics of polymer melts or in solu­

tion, assemblies of surfactant mole­

cules or colloidal suspensions. All 

these particles or aggregates have at 

least one dimension in the range of a 

few A up to thousands of A and may 

have a long-range order resulting from 

the fine and sensitive balance bet­

ween attractive and repulsive molecu­

lar forces. Temperature, concentra­

tion and ionic strength are the main 

parameters governing the structures. 

Mechanical, optical, rheological pro­

perties of the sample are often closely 

related to the size, shape and 

structure of the objects. With the pos­

sibility of solvent or molecular label­

ling, neutron technique remains a uni­

que, non-destructive and powerful 

tool to explore heterogeneities in mat­

ter as well as molecular dynamics. 

Soft matter 

Around 15 instruments at the ILL are used to investigate static and dynamics 

features in soft condensed matter. The two small-angle scattering spectrome­

ters (D11 and D22) covered a broad Q-range from 5x10·• to 0.7 k that can be 

extended up to 2 A-• using D16. Compositions, thickness and fluctuation of 

interfaces are studied on D17. In parallel, transport properties, molecular moti­

ons, and dynamics of molecules are investigated on time-of-flight (IN5, IN6), 

backscattering (I N10, I N13, I N16) and spin-echo (I N11, I N15) spectrometers. 

Progress and innovation in soft condensed matter are closely related to the deve­

lopment of sophisticated sample environments. Magnet, furnace, cryostat, 

rheometer, stopped-flow apparatus or osmotic box are regularly mounted on 

the instrument and the scientific users invest time to develop there own set­

ups, as for example a polymer extruder machine specially designed for D22. 

New trends also include a rise in bio-inspired problems: surfactant bilayers are 

viewed as models for biologic membranes, associations between proteins 

and polyelectrolytes offer a simplified picture for combinations in cells and 

knowledge in polymer science helps to understand the structure of natural 

fibers . 

Mesoscopic (1 nm -1µm) structures and textures are major questions in indus­

trial processes. The highlights presented this year demonstrate the impor­

tance of neutron scattering for applied research. Model systems are used to put 

in evidence general rhea-behaviour related to the structure and orientation of 

aggregates (Forster et al.) ; oil lubrication is depicted within the motion of 

molecules (Wolff et al.) and polymer chain constraint is followed during the extru­

sion process (Bent et al.). Soft condensed matter is a multidisciplinary work, 

covering various domains of research from biology to material nanotechnology. 

The new ideas and technical developments combined with the always-impro­

ved instruments insure a bright future for neutron experiments. 
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U nclerstanding and contro lling the 

rheologica l properties of poly­

mer melts is of huge importance in 

polymer process ing [ 1 J and has stimu­

lated a multidi sc iplinary co llaboration 

between UK academics ancl industrial 

partner [2]. The melt fl ow ancl mecha­

nica l properties of we ll defined poly­

ethylene and polystyrene samples have 

been stud ied to test molecu lar models 

that are extensions of the Doi-Edwa rds 

Lube model [31. These numerica l models 

consider th e conform ation of a single 

polymer chain as it travels through a 

stress fi elcl. The small-angle neutron 

sca ttering experim ents. cl esc ribecl 

herein provide the first. cli recL. molecu­

lar test of these theories [4]. 

For these experiments we developed 

apparatus to re-circulate polymer melt 

through a fl ow contrac tion by forcing 

the melt Lh rn ugh a slot die, see figure 

I. Deta il s of th e flow ce ll are given 

elsewhere f 5] but in summary: it con­

sists of a gear pump, fl ow channels 

and a melt reservo ir to provide steacly. 

pressure cl riven flow in an inert atmo­

sphere over a ra nge of fl ow rates. The 

experim ents were conductecl on D22 

where the highest flux of neutrons is 

ava ilable. Data co llection times were 

as short as possible in orcler to avoid 

sample degradation. The neutron path 

length was 10 mm, this large dimension 

molecular 
aescription of extrusion 

Small-angle neutron scattering has been used to determine the molecular 

conformation of two monodisperse polystyrene melts in Poiseuille flow 

through a slot die. This provides a direct molecular description of a simpli­

fied extrusion process. Maximum chain deformation is seen at the die entry 

and this increases with flow rate but decays as the chains traverse the slot 
die. The deformation of the chains in the direction of melt flow relative to 

their unperturbed dimensions is independent of polymer molecular weight. 
However, the relaxation of deformation on passage through the die is mole­

cular weight dependant and directly related to the longest relaxation time 

of the polymer. The consequence of this is observed at the slot die exit where 

the chain conformation responds to the change from contraction to expan­

sion al flow of the bulk melt. 

being necessary to minimise contribu­

tions from wa ll effects. Consequently, 

the po lymer melt was a matrix of deu­

Lerated polymer 'doped' with hydroge­

nous polymer of identica l molecular 

we ight. Beam dimensions of 5x1 mm 

were usecl to measure the scattering as 

the melt (at 200 °C) flowed into, 

through ancl out of the die. 

,. 
';"" 20 
E 

~ 15 .,, 
W° 10 .,, 

o 1mm plaque; R.14.tA 
• 10mm RFC; R.1113A 
93% dPS; Mw 243 kgmol·• 
7% hPS; Mw 236 kgmol" 
Mw/ MwLo8 

Figure I shows the isotropic scatte­

r ing from the fl owing melt upstream of 

the cli e, this is identica l Lo that from a 

thin plaque (1mm) of the same mate­

rial. The raclii of gyration, obta inecl by 

fitting the data with the Debye function. 

are equal and the sa me as th at for a 

quiescent melt of the sa me molecular 

weight [6]. Thi s is an important resul t 

• 1mm plaque; R:., 14tA 
0 10mm RFC; R~ 143,\ 
93% dPS; Mw 243 kgmol ' 
7% hPS; Mw 236 kgmol ' 
Mw/Mw1.08 

Figure I : Whole chain sca LLering during polymer melL fl ow through a sloL die. 
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chain s are unperturbed upstream of 

the die, but then experience maximum 

deformation at the die entrance. This 

relates clirectly LO a maximum in the 

principle stress difference, as measu­

recl for the same material ancl the same 

geometry using stress birefringence. 

The chain deformation then decays as 

it flows through the clie . This rate of 

clecay is cl epenclant on the polymer 

mo lecular weight. see figure 3. At the 

die exit. where the magnitude of the 

orth ogonal stress vectors is inverted, 

Lhe cleformation of the high molecular 

weight chains decreases signil'icantly 

whi lst the cl eformaLion or low molecu­

lar weight chains inve rLs in response to 

th e change from contrac tion to expan­

sional now. Ultimately, the chains relax 

to th eir unperturbed. iso trop ic climen­

•ion s cl own Lream from th e die exit. 

Thi s is th e first molec ular description 

or a model polymer during melt flow. 

0 .9 

o.8 

0 10 20 30 50 60 

Figure 2: Polymer chain deformation at th e slot rl ic entry for increasing flow rates. 

beca use iL demonsLraLes LhaL Lh e sca L­

Lering Lhrough Lhe Lhick now channel is 

noL compromised by mu!Liple sca LLering. 

Figure 1 also shows Lh e ob laLe sca LLe­

ring from Lhe fl owing me!L aL Lh e die 

enLry. This is the fit'SL direc t obse rva­

tion of chain cleformation as bulk now 

contracLs. We have quantified Lhis by fit­

ting rad ial averages of Ll1 e sca ttering. 

taken over secLOrs parallel ancl per­

pendicular to th e direction or now. with 

approximations of the Debye fun ction 

(using Zimm and Kratky plots). Howe­

ve r. th is is not our fin al anal ys is. 

because the accuracy of Llie fits dete­

riorates as th e chain s deform l'rom a 

Gauss ian distribution with increas ing 

fl ow rate. Further analys is is ongoing. 

using th e models referred to above to 

generate contour plots of the scatter ing. 

Our analys is highlights the increa se 

in cl1 ai n deformation with flow rate. 

moreover. Llie relati ve clel'orm ation is 

comparable in sampl es with very clif­

l'erenL molecular weigh Ls. Thi s is shown 

in l'igurc 2. where Lhe ratio of Lhe defor­

med rad ius of gy ration Lo its quiescenL 

va lue is ploLtecl aga in st the product of 

L11 e shear rate ancl the reptation Lim e 

[7] Thi s res u! L is in goocl qualiLati ve 

agreement wiLh Lhe molecular moclels, 

wh ich are being improved wiLh Ll1 e aicl 

or L11i s cl aLa. 

However. our mosL dramatic observa­

Lion is Lhe response of th e cl1ain as iL 

flows Lh rougl1 Llie con trac tion. Th e 

r I 

► 1 
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Figure 3: Polymer chain deformation during fast melt fl ow through the slot die. 
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T he well known painting from a grotto 

' ~t EI-Berhed (dated about 1880 B. C.) 

shows that already the Egyptians used 

olive oi l as a lubricant to make the trans­

port of heavy loads easier. Significant 

progress has been made since then but 

many questions relating to lubrication 

remain unsolved up to now and in par­

ticular a fundamental understanding of 

lubrication on an atomic scale is still in 

its infancy. Considering the large pene­

tration power of neutrons for enginee­

ring materials and the dominant incohe­

rent scattering cross section of hydro­

gen contained in most liquid lubricants. 

neutrons appear as an excellent tool to 

inves tigate the dynamics of liquids under 

Figure 1: Shear device for quasielastic 
and inelastic neutron scattering studies 
mounted on IN10 (The white arrows mark 
the neutron path. the dashed line is before 
the sample and the so lid line represents 
neutron beams from sample to analyser 
and back to detector). 

ynamics of lubricants: 
anisotropy of diffusion in a liquid 
and surface slip under shear 

Lubrication is an old but nevertheless barely understood phenomenon in 

physics. The large incoherent scattering cross section of hydrogen makes 

neutrons a very sensitive tool for an investigation of dynamics in liquids. 

Specia l shear devices have been constructed, adapted for studies on high 

resolution inelastic spectrometers and reflectometers. On IN16 surface slip 

has been found for the macroscopic velocity distribution of a motor oil. In 

addition, within the same measurement the microscopic diffusion has been 

observed to become anisotropic under shear. 

conditions relevant for applications. 

To bring about such inves tigations with 

neutron backscattering a special plate­

plate shear device has been develo­

ped. F'igure 1 shows this ce ll mounted 

on IN10. A standard viton radial shaft 

packing is used to sea l the liquid com­

partment. It allows shea r rates of up 

to 5000 1/s for a minimum disc spacing 

of 0.3 mm to reduce multiple sca tte­

ring. Neutrons from the monochroma­

tor (white dashed arrow) are scattered 

by the sa mple. After backreflection by 

the ana lyser they are counted in the 

detec tor undern ea th the shear device. 

To achieve high energy resolution the 

detec tor has to be close to the neutron 

window of the shear device. 

F'igure 2 shows spectra from an experi­

ment on IN16: for the empty shear device 

(where the discs had been covered with 

a strong sca tterer-sticky tape to make 

them visible) (a-d) and for a commercial 

motor oil ANTAR (e-h) in transmiss ion 

and reflection geometry either with and 

without shear (e-h). Two spectra (a-b) 

with the shear device stationary and 

spectrum (c) with the shear device rota­

ting in reflection geometry (momentum 

transfer O perpendicular to the flow) 

show a similar line width of 1.2 µeV. 

These spectra are used to determine 

the resolution of the experimental set­

up. Inelastic Doppler scattered neutrons 

become visible in a fourth spectrum (d) 

which was taken in transmission geome­

try (momentum transfer parallel to the 

flow) with one disc rotating. The width 

of this peak is slightly broadened because 

it averages the velocities of the driving 

disc over the finite beam size. The pos i­

tion at 8.5 µeV represents direc tly the 

ve locity of the disc being v
111 
= 1.8 m/s. 

The different intensities originate from 

a different coverage of the discs by sti­

cky tape and have no further implica ti­

ons. The spectra for the ANTAR oil (e-h) 

have been fitted by appropriate sca tte­

ring laws. Without shea r in both geome­

tries a similar Lorentzian line width of 

about 4.1 µeV is found prooving an iso­

tropic diffusion. Under shear the line 

broadens clea rly in reflection geometry 

to 5.2 µeV showing an acceleration of dif­

fu sion. In transmiss ion geometry the 

spectrum is dominated by the inelastic 

scattering from the flowing liquid. This 

contribution to the scatter ing law is 

appropriately described by a velocity 

distribution with a surface slip of 0.15 

v"' and 0.3 v
111 

at the sta tionary and at the 

moving disc. respectively. Thi s asym-
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Figure 2: Backscattering spectra obtained at IN'l6 (ILL). Th e left, side shows spectra or 
the empty cell with Lile aluminium discs covered with Lape 1.0 make them visible. The right 
side (e-11) shows data ror a sa mple or the commercial motor oi l ANTAR at I 8°C . In addi ­
t,ion t,o the information about diffusion processes From quasielastic sca ttering also inelas­
tic scattering representing the macroscopic !low pmlile is visibl e. 

meLry of slip is probably due Lo a slight 

dynamic unbalance at the rotating disc. 

A fi L of Lhe quasi elas tic con tribu Lion 

results in a line width of 4.2 µeV quite 

similar to the line width without shear. 

This result shows that diffusion becomes 

anisotropic under shea r. 

sent Lhe difference in Lhe scatter ing 

patterns which is shown as the loca l per­

cen Lage va lue. The upper panel shows 

the difference in the energy spectrum 

between a linea r veloc ity distribution 

(upper right) from the fixed Lo Lil e 

moving surface and a velocity distribu-

Linear vs. Slip 

tion with a surface slip (bottom right) of 

50% at each boundary (this is equiva­

lent Lo a liquid layer with no internal 

shear grad ient). For sta ti stics with error 

bars smaller tlian 10% a distinction 

between the two scenarios is possible 

if the quasielastic line widtl1 is not lar­

ger than the energy va lue of the inelas­

tic peak position. The lower panel shows 

the difference of a linea r veloc ity distri­

bution with a quasielastic line width of 

1 (in units of the inelastic peak position) 

and a distribution with surface slip and 

quasielas tic line widths between O and 

2. IL follows that. the li ne wid ths ca n be 

determined from experimental data with 

an es timated error' of I 0%. 

In summary. we have shown that high 

reso lution neutron spectroscopy is an 

excellent Looi to observe simul ta neously 

the macroscopic now and the micro­

sco pic diffusion of lu br icants occur­

ring on Lime and length sca les wh ich 

differ by many orders or magn itude. 

Such measurements are well suited to 

contribute to an understanding of lubri­

ca tion on a molecu lar leve l. 
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Figure 3 shows ca lculation s cons ide­

ring contributions to the sca ttering from 

(i) the molecular diffusion by a Lorent­

zian line convoluted with an assumed 

Ga uss ian instrum ental resolu tion 

function (i i) a ve locity di stribution 

function for the inelastic part of th e 

spectrum and (iii) corrections for the 

relaxed Q-resolution of IN16 and Lhe 

smearing of velocities due Lo different 

disc rad ii. Th e x-axis represent the 

energy transfer in units of the inelastic 

peak position from Lhe rotating disc and 

the y-axis represent the quas ielastic 

line width for the in terna l diffusion in the 

same units. The different colours repre-
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Figure 3: Cont.our maps of the difference in intensity distributions between simulated qua­
sielastic spectra . Details are given in the text. 
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Many fluid s such as polym er 

and surfactant solutions dis­

play complica ted rheological proper­

ties. The viscosity may decrease with 

increas ing shear rate ("'shear thin-

0 1.00 

hear thinning 
and orientation 
of worm like micelles 

Small-angle neutron scattering experiments under shear flow (Rheo-SANS) 
were used at the newly developed set-up at D11 to follow the structural 
changes of solutions undergoing shear-thinning. In the experiments solu ­
tions of worm like micelles were used that exhibit pronounced shear-thin­
ning over a wide range of shear rates. The experiments show that shear-thin­
ning is directly related to shear-orientation of the micelles. The data allo­
wed a detailed analysis of the orientational distribution of the micelles as 
a function of shear rate and revealed characteristic features of the molecu­
lar orientation process. 

3.00 
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Figure t : Af'M-image of worm like block copolymer micelles used in the experiment. 

ning .. ) or increase (" shear thicke­

ning") [1.2] . Many industrial proces­

ses are conce rn ed with th ese pro­

perties. for example in paints. lubri­

cants. drag reducers. personal ca re 

products. and in many fluids that have 

to be pumped and/or extruded at some 

point of th eir process ing. Despite 

their technical significance. the mole­

cular origin of thi s complex rheologi­

ca l behaviour is quite poorly unders­

tood . To explain these phenomena. it 

is important to determine the parti­

cle motion. structure and orientation 

as well a Lhe large-scale mechanical 

properties simultaneously in an expe­

riment. 

shearcell 

neutons 

Figure 2: Shear orientation of micelle in a shear cell with the corresponding SANS-pattern. 

The penetration of neutrons through 

both solu Lion and flow cell allows the 

inves tigation of changes in particle 

structure and orientation during shear. 

In th e newly developed rh eo-SA S 

set-up at D 11 scattering patterns can 

be measured while the so lution is 

sheared in a Bottlin CVO rh eometer 

that allows simultaneous mea ure­

ment of the shear viscosity. In these 

experim ents solutions of wormlike 

block copolymer micell es were used 
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the alignment of either single micel­

les or whole nemati c domains by the 

externa l shear force. 

Rheo-SANS is a powerful technique 

that can be used to obta in a detailed 

molecular picture of the structural 

Figure 3: Decrease of the shear viscosity 11 with increasing shear rate ("shear thinning") 
together with the simultaneously measured SANS-patterns. 

.• . :J1anges of compl ex fluid s under 

shea r. As is shown in the present 

study, the shear-thinning behaviour of 

worm li ke mice ll es ca n be directly 

related to shear orientation. A quan­

titative data analysis is possible allo­

wing the orientational distribution of 

the mice ll es to be obta ined. Despite 

the complexity of such systems, there 

appears to be a simple relation bet­

ween shear viscosity and orientation. 

This enables a better prediction of 

rheologica l properties for many tech­

nica lly re levant fluid s. 

having diameters of the order of 1 O nm 

and lengths of several mm (see figure 

1 ). The micelles orient in the direc tion 

of shear which leads to a characteri s­

tic anisotropic sca ttering pat tern as 

shown in figure 2. 

The decrease of the viscosity with 

increas ing shear rate ("shea r-thin­

ning") is shown in figure 3 for a 10% 

w/w solution. The shear viscos ity 

decreases by a factor of 100 the­

reby developing a pronounced ani so­

tropy of the sca ttering pattern . Th e 

scattering patterns can be quanti­

tatively analysed by taking into 

account the form factor of cylindri­

ca l micelles with an On sager-type 

orientational distribution, from which 

the order parameter Scan be ca lcu­

lated [3]. The order parameters at 

various shear rates are also shown 

in figure 3. 

The relation between shea r viscosity 

and order parameter revea ls impor­

tant features of the molecular orien­

tation processes. As seen in figure 4 

for all solutions inves tigated, irre­

spective of mice llar thickness and 

concentration, there are two charac­

teri stic regimes (two different slopes) 

that re late to different ordering 

mechan isms. They are identified as 
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Figure 4: Relation between shear viscosity h an order parameter S for various micellar 
solutions. The data indicate two characteristic ientation mechanisms. 
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Back to fundamentals 

The set-up used by Valery Nesvizhevsky and his team for the 
detection of quantised states of neutrons in the gravitational field 
or the earth. 

Hans Bomer on the high precision angle inter­
ferometers of the spectrometer GAMS5. 

Peter Gelteobort (leli) and Thomas Brenner verifying the alignment 
of the Very Cold Neutron Spin In ter ferometer (VCNSI) at the 
PF2NCN beam position. 

Torsten Soldner preparing the cold polarized beam PF1 for an experiment. 



Gary Simpson, College 3 Secretary 

The nuclear and particle phy­

sics group members investi­

gate an extremely broad range 

of physical phenomena, including 

atomic, nuclear and particle physics. 

Experiments span a huge range in 

energy, from 10·'9 eV to 0.1 GeV, and 

involve all four fundamental forces 

(strong, weak, electromagnetic and 

gravitational). A distinctive feature 

of some of the experiments requires 

that the whole instrument is reconfi­

gured. The nuclear and particle phy­

sics group manage to perform quality 

experiments in fundamental areas of 

physics, at a fraction of the cost of 

experiments at other nuclear and par­

ticle physics labs. The experimental 

techniques used in this group are 

completely different to any others 

used at the ILL. 

The Lohengrin (PN1) mass separator 

provides beams of exotic radioactive 

ions for studies of the structure of 

the nucleus and for experiments on 

the fission process . The installation 

of an array of borrowed germanium 

detectors at the focal point of the 

Lohengrin fission-fragment spectro­

meter took place this year. This will 

allow the structure of exotic neutron­

rich nuclei to be investigated by 

Fundamental 
and nuclear physics 

gamma-ray spectroscopy. The detectors were borrowed from the Anglo-French 

Eurogam loan pool. Several new isomeric states were found in the region 

around the exotic doubly-magic neutron-rich nucleus '3'Sn. These states, and 

information from the states below the isomer allows the nuclear shell model 

to be tested. Nuclear shell-gaps are expected to be reduced in very neutron­

rich regions. 

The ultra-high resolution GAMS spectrometers (PN3) very accurately measure 

the energy of gamma-rays emitted by the nucleus during neutron-capture 

reactions. This allows the structure of nuclei in the target to be probed. The sta­

bility of the GAMS5 spectrometer (already the world's most precise gamma-ray 

spectrometer) has been improved this year and the uncertainties introduced 

into an experiment are now as low as 10·1• Recent test measurements have shown 

that lifetimes of excited nuclear states can be determined by measuring the Dopp­

ler broadening of gamma rays following beta decay. 

The PF1 cold-neutron facility gives users an intense beam of cold neutrons. High­

lights this year include the development of techniques to polarize neutrons. A 

polarization of 99.6 %, and a spin-flip efficiency of 99.9 %, was achieved. It is 

believed that these results can be further improved upon. Production of highly 

polarized cold neutron beams allows considerable improvements to be made 

in the study of neutron beta-decay, and will help to improve the precision in deter­

mining neutron-decay asymmetry coefficients. 

The PF2 ultra-cold-neutron facility produces several beams for use in fundamen­

tal physics problems, which are mainly focussed in searching for effects bey­

ond the "Standard Model" in particle physics, which are known to exist. Some 

of these experiments include measurements of the neutron lifetime and mea­

surements of the electric-dipole moment (EDM) of the neutron. The later expe­

riment is one of the most precise experiments in all of science, with the limit 

of the size of the neutron EDM now known to be less than 6x10·26 e.cm. The mea­

sured lower limit of the neutron EDM can show that some particle physics 

theories are invalid. 
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Whereas in daily life the 

direction of time is defined 

by thermodynamics - coffee is on 

becoming colder - most fundamenta l 

interactions are invariant under time 

reversal T. This holds for gravitational, 

electromagnetic and strong interaction. 

For weak interaction, however, a tiny 

violation of T invariance was observed 

in 1998. It is connected via the CPT 

theorem to a violation of CP, the com­

bination of charge conjugation C 

(exchange of particles and antiparti­

cles) and parity P (inversion of space}, 

which was discovered earlier. 

The tiny CP and T violations as well as 

•• I'. . . 

D 

C 

Trine - a new limit 
on time reversal violation 
in neutron decay 

The D coefficient in the free neutron decay was measured with unpreceden­

ted precision. This puts a new limit to a possible violation of time reversal 

invariance in neutron beta decay. 

Year Reactor Event.9 110°) SlgnaV D 110·3] 
Background 

14) 1976 ILL 6 4 -1.1±1.7 

15) 1978 IAE 2.5 2.2 2.2±3.0 

161 2000 NIST 15 2.5 -0.6± 1.2±0.5 

Trine 2000 ILL 30 (13.5 used) 23 -0.31±0.78±0.47 

Table 1: Comparison or the latest D measurements. 

the "maximal" violations of C and P found 

in weak interaction are implemented in 

the Standard Model of particle physics, 

but the deeper origin of these violations 

is not yet understood. Furthermore, the 

observed excess of matter over anti­

matter in the universe ("baryon asym­

metry") requires an even stronger CP 

violation. Theories are wanted that both 

Detector chamber 
Vacuum chamber 
Neutron beam 
Plastic scintillator 
Wire chamber 
Electrode (+25 kV) 
PIN diode 

explain us the Standard Model and open 

new channel for CP violation. 

To examine these theories, new CP or 

T violating processes have been chased 

in various systems. Using neutrons. 

two ways are exploited: Th e qu est for 

the electric dipole moment (EDM) and 

the pursuit of time reversal violating 

correlations between the decay parti­

cles such as the triple correlation D we 

have measured. These two approaches 

are complementary: Whereas the neu­

tron EDM is established as a working 

horse in this fi eld , the ob ervation of 

a T violating effect in the decay has a 

more direct theoretical interpretation 

and is more sensitive to some models 

like leptoquarks which appear in grand 

unified theories [ 1]. One shou ld note. 

however, that in the decay a T violating 

signal is simulated by interactions bet­

ween the decay products. But this can 

be completely neglected at the pre-

ent experimental preci ion. 

Figure 1 : Cross section or the Trine detector. The neutron polarization is perpendicular 
to the plane of the drawing and inverted every three seconds. The electrode acce lerates 
and focuses the proton prior to detectiop In afl diode. The full detector consists of 64 
PI diodes In 16 planes (see figure 2) . 

The free neutron decays with a lifetime 

of 885.7(8) s [2] into proton. electron 

and antineutrino: 

n p+e+v.(1) 



Figure 2 : Top view of the detector. Using the wire chamber signal, the electron detector 
can be restricted to an area symmetric to the PIN diode hit. This suppresses the 1nnuence 
of the A and B coefficients. 

time-of-night spectra (figure 3) for bo th 

neutron spin direc ti ons, which are 

measured simultaneously for each of 

the 4x64 detec tor combinations. The 

properti es of the detector we re stu­

died experimenta lly and by Monte Carlo 

simulations. Our preliminary result is 

D=(-3.1 ± 7.8""'±4. 7~")- 10'4. The systema­

tic error originates from an asymm e­

tric beam profile ca used by the polari­

zer and detector inhomogeneities in 

combination with th e limited precision 

for the alignment of the neutron polari­

zation. The lates t D measurements are 

compared in Table 1. 

For polarized neutrons, the correla­

tion between the decay products is 

described by in total 5 coefficients. a 

( electron-an tineu trino-correla Lion) , b 

(Fierz interference term) , A (beta 

asymmetry) , B (antineuLrino asymme­

try), and D [3]: 

nder T. the neutron spin crn and the 

momenta piof elec tron e and antineu­

Lrino v change their sign. resulting in 

a change of sign of the triple product 

<Jn {p,xpJ. D# 0 would therefore indi­

cate T violation. Beta and antineutrino 

asymmetry are related to P violation 

and well understood within th e Stan­

dard Model; the associated coefficients 

A = -0 .1162(13) and B = 0.983(4 ) 

are large compared to th e present 

experim ental world average for 

D = -0.6(1.0)· 1Q·3 [2] which is still 

compatible with 0. 

A precise measurement of D faces 

three principal difficulties: 1) a huge 

number of decays has Lo be detected Lo 

obtain sufficient sLati ti ca l preci ion. 

2) th e detec tion of th e decay proton 

(needed to trace the undetec table anti­

neutrino) is particularly difficult due Lo 

iLs low energy (maximal 750 eV). and 

3) the influence of the coefficients A and 

B has to be suppressed carefully to 

avoid sys tematic errors. 

The particular fea tures of th e Trine 

detector (figure 1) are its high seg­

mentation, the effi cient proton detec­

tion by specia l PIN diodes, and the use 

or multi wire proportional chambers for 

background suppress ion and sys tema­

tic tes ts (figure 2). The data analys is 

bases primaril y on the elec tron-proton 
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In the next step, we will improve sta­

tistical sensitivity and sys tematics of 

our se t-up . A measurement with an 

enlargecl detec tor and an improved 

neutron beam (instrument PFlb with 

4 times higher flux and a new homoge­

neous polarizer) is scheduled for 2003. 

• SCIA 
• SCI B 
.., SCI C 
• SCI D -

-

-

6 7 8 9 10 

Time of flight [µs) 

Figure 3 : nme-of-tlight spectra (electron : start. proton: stop) for one PI diode (row a) 
and the 4 scintillators. The different count rates are caused by kinematics that prefers large 
angles between electron and proton . The coincidence count rate or the full Trine detector 
at PF1 was 10 s·'. 
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Quantum phys ics is a rascina Ling 

but subLle sub ject. The subtlety of 

L11 e quantum system described l1 ere ari ­

ses from Lhe racL. that gravity appears 

very weak in our· universe. Quantum 

Lheo1·y and gravitation affect eacl1 other. 

and. when neutrons become ul tra-cold. 

Ll1 e ra il exper iment of Ga lileo Ga lilei 

shows quantum aspects of L11 e subLle 

gravity force in Lhc sense LhaL neutrons 

clo not fa ll conLinuously. We find them on 

different levels. when Liley come close to 

a reflecting mirror for neutron 11 ]. Of 

course. such bound sta tes with discrete 

energy levels are expected when the 

gravitaLional potential is larger than the 

energy of the parLicle. Here. t11 e quan­

tum states have pico-eV energy. a value 

that i smaller by many orders of ma­

gnitude compared with an electroma­

gnetica lly bound electron in a hydrogen 

atom. open ing t.he way Lo a new techn i­

que for gravity expcrimenls. for ncu­

lron optics. neutron detec tion and mea­

surements of rundamenta l properties. 

A side-effec t of th is experiment is its 

sensitivity for gravity- like forces at 

lenglh sca les below 10 pm. In light of 

recent theoretical developments in 

higher dimensional field theory 12.3]. 

gauge fields can mediate forces that are 

I on to I 011 Limes stronger than gravi ty 

at ubmillimeter cli Lances. exactly in 

the interesting range of this expe ri­

ment and might give a signal in an 

improved se t-up. 

Quantum states 
df neutrons set limits 
for non-Newtonian interaction 

Quantum states in the Earth's gravitational field can be observed, when ultra­

cold neutrons fall under gravity. In an experiment at the lnstitut Laue-Lan ­

gevin in Grenoble, neutrons are reflected and trapped in a gravitational cavity 

above a horizontal mirror. The quantum states probe Newtonian gravity on 

the micrometer scale and we place limits for gravity-like forces in the range 

between 1 µm and 10 µm. 

The idea of obse rving quantum effects 

occurring when ultraco ld neutrons arc 

stored on a plane was cli scussecl long 

ago by VI. Lushi kov ancl I.A. ! ◄'rank 14 I­

An in some aspec ts similar experi ment 

was cl iscussecl by H. Wa llis eL al. 151 in 

Lile contex t. or trapping atoms in a gra­

vitationa l cavity. A neutron mirror 

makes use of Lhe strong intera ction 

between nucle i and an ultraco lcl neu­

tron. resulting in an effective repul sive 

force: neutrons propagate in condensed 

matter in a way similar Lo the propa­

ga ti on of light but with a neutron 

refrac tive index less than unity. Thu s. 

let·s consider the ·urrace of matter as 

constituting a potential step or l1cighL 

V. Neutrons with transversa l energy 

E < V will be total ly reflected. Ultra-co ld 

neutrons (UCN) arc neutrons that. in 

contrast Lo fa ster neutrons. arc retro­

reflected from surface at all angle of 

incidence. When the surface roughness 

of the mirror is sma ll enough. Lile UCN 

refl ec tion is specular. Neutron mirrors 

are interesting because they ca n be 

used to tore neutrons. to focus neu­

trons. or to IJuilcl a Fabry Perot inter­

ferometer for neutron de Broglie waves. 

A possible deviation from Lhe inverse 

square law for gra,•ity has been di scus­

sed in the past few years. A new f' fff'clive 

inLemction coexisting with gravity woulcl 

modify the Newtonian µoLential. On the 

assumption that the form or Lile non-

ewton ian potenti al is given by Lhr 

Yukawa express ion, for masses m, and 

m, ancl dista nce r the modil'ied Newto­

nian potential V(r) is liaving the form 

m-m 
V(r) = -G .......L....1 ( I + a -c o?. ) 

[' 

where ').,_ is the Yukawa distance over 

which the corresponding force ac ts 

ancl a is a strength factor in compari ­

son with ewtonian gravity. G is the 

gravitationa l constant. l<or a neutron. 

Lile gravitationa l force of Lile mass mf 

or the entire ea rth with radius RE lca(I 

to a free fall acceleration 

When a neutron approaches th e mir­

ror. the mass or this ex tended source 

might modify g. wh en strong non-

ewtonian forces are present. For 

mall neutron distances z from the 

mirror. say several micrometers. we 

consider the mirror as an infinite hair­

space with mass density p. Th e aclcli ­

tional non-Newtonian acce leration g· as 

a fun ction of distance z is given by 

,!((Z.A) = 2rt ·p<XAG·C '"' 
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strength a > I 0" (figure I a). Previous 

constrain ts IB- I2I on both a ancl A are 

shown in in se rt b. 

Figure I : Lim its for non-Newtonian gravity: Strength a vs. Yukawa length sca le A 

One of the grea t clia llcnges today is to 

un ify the known fundamenLal forces in 

one theory. A consistent Lheor or gravit 

and quantum mechanics is sLill mi s­

sing. A promising attempt are super­

string theories in which a deviation From 

the I/ r cwtonian potential is introdu­

ced for small distances. In th C' language 

of high energy pa rticlc phys ics . the 

Planck sca le. the sca le where gravity 

and other forces arc comparable. has 

been brought to the TeV sca le, the sca lP 

of the Standard Model of part icle phy­

sics. At the expected sensitivity, a num­

ber of gravity-like pl1 enomena emerge. 

!<'or example. a l1 ypothctica l gauge fi eld 

ca n naturall y have mini scule ga uge 

coupling g, - I o - i, ; for I TeV. independent 

of the number of extra dimensions 13]. 

If L11cse ga uge fields couple LO a neutron 

with mass m11 • the ratio of the repulsive 

force mediated by thi s gauge fi eld to 

the gravitational attrac tion is 1:~ 1 a) Expel' imcnts with neutrons place limits for lal in the range I pm < I < I O pm. 
b) Constra ints from previous experiments [9- 121 arc adapted from [ 12 [. 

As c:1 con sequence. the ratio is 

For '/,= A= 10 µm ancl a = 1, the ratio 

g'/g is about 10-12 . F'igu re 1 a shows th e 

present status of an expe rim ental 

sea rch for gravity- like forces below 

1 O µm . Th e re ults of a fit of a mod i-

fi ect Newtonian potential to the measu­

red data yields predicLion s for 90% 

confidence leve l exc lusion bounds on a 
and A. Th ese limits from neutron mir­

ror experim ents are th e best known 

in the range 1 µm < A < 3 µm and 

xc lucle For til e first time gravity- like 

short-ranged forces at 1 µrn with 

strengtl1 a > 1012 and at I O µm with 

~ - _§_;_ - I 0" ~ I , ., ( ) " 
' ' ~r.H Cm/ I o - lH 

Witl1 g1 = I 0-10 as a lower bound, til es(' 

gauge fi elds can result in repu lsive for­

ces or bi ll ion or tr iil lion times stronger 

than gravity at micrometer clislan ces. 

Thi s is exac tly in the rnnge whicl1 beco­

mes accessible with th ese new expe­

rim ents. 
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0 ne of the most attractive features of 
ultracold neutrons (UC ) is that 

they can be stored in traps. The typical 
energy of CNs i ~ 10·1eV and they are 
totally reflected from a surface when their 
energy is lower than the Fermi-potential 
barrier of the surface material. However. 
so-called anomalous losses of trapped 
UCNs have been a puzzle for many years. 
To understand the loss mechanisms is 
very important because UCNs stored in 
traps are used in many experiments in fun­
damental physics. In particular for the 
loss mechanism described here (see also 
[1 -3]). a UCN is lost if its energy exceeds 
the F'ermi potential of the trap material 
(because it can then penetrate into/through 
the wall of the trap). This process is simi­
lar ID the well-known vaporisation of mole­
cules from the surface of a liquid. For this 
reason. such neutrons are ca lled "vapori­
sed UCN" (VUCN, see figure 1 ). 
In order Lo inves tigate th e origin of 
VUCNs. we constructed a big gravitatio­
nal spectrometer. Th is spectrometer 

UCN:• 

V = - (1.;.6)mfi; ... . . : . 
T - 1mK . 

? 

aporisation of ultracold 
neutrons from a trap 

In 1997 we reported on the observation of an additional loss channel of ultra­
cold neutrons (UCN), where the losses could be associated to an increase 
in the UCN energy ("heating") by ~ 10·1eV, with a probability of 10·1 -10·s per 
collision of a neutron with a surface. We have now studied this process in 
detail and found that i) preceding outgasing of samples at 500-600 K leads 
to an increase of the "heating" probability by at least a factor of 100 on a 
surface of stainless steel and by a factor of 10 on a copper surface, ii) extre­
mely intensive UCN "heating" is observed for diamond nanoparticles 
powder, iii) no "heating" is observed on a clean nanoparticle-free mono-crys­
talline sapphire surface. These findings and the comparison to theoretical 
expectations allow to relate this phenomenon of "heating" to inelastic 
scattering of UCNs by the thermal motion of nanoparticles, weakly bound 
to the surface. This has major consequences for storage of UCNs in mate­
rial traps and opens very interesting perspectives in other fields of physics. 

can simultaneously detec t stored UCN 
and form ed VUCN with broader energy 
range (50-150 neV) with higher effi­
ciency (50%) than before. The spectro­
meter volume can be heated up to 600 
Kor cooled down to 80 K. Details of the 

spec trom eter are described elsewhere 
[ 4]. It allows to shape the spec tral dis­
tribution of neutrons by pl ac ing an 
absorber at a given height in the spec t­
rometer. so that neutrons cannot jump 
over a well-defined gravitational barrier. 
F'igure 2 shows the typica l time depen­
dence of the detector count rate with 
various samples. When filling the spect­
rometer. neutrons with energies higher 

VUCN: • 

LIV- im/4; 

Level of UCN gas 

than the gravitational barrier can pene­
trate into the detector. Then . after clo­
sing the input valve, these neutrons 
are rapidly eliminated by the absorber 
and the detector count rate decreases 
steeply. After this "cleaning process" the 
absorber is lifted upwards and this 
enables that VUCN - neutrons which 
have changed their energy due to inter­

action with the surfaces of samples 
and/or spectrometer walls - can survive 
and be counted in the detector. There­
fore, the detector count rate ri ses until 
equilibrium is reached. Finally. the 
absorber is moved back down again. 
and the detector count rate fall s down 
to the background va lue. 

F'igure 1: Illustration of losses of UC from a trap via VUC production. The typical para­
meters or UCN (velocity. energy. rising height in the gravitational field , temperature) and 
VUCN production (change in energy, In velocity. the probability) are shown on the picture. 

For the first time, the integral VUC 
spectrum was measured with an accu­
racy sufficient to calculate the differen­
tial spectrum. We have established that 
the probability of this «heating» of UCNs 
depends on details of the preparation 
of. for instance, stainless steel samples. 
Indeed, preceding heating of samples at 
a temperature of 500-600 K increased 
the probability of "hea ting" of UC by a 
factor of~ 100! Independent measure-
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Figure 2: Neutron count rate for different samples: measurements 
( o) on surface of empty copper spectrometer, ( • ) with stainless steel 
samples, and (.6.) with diamond nanoparticles powder. The dashed 
line shows the background level. 

Figure 3: Probability of the small healing or UCN as a fun ction or 
the outgasing temperature for two stainless steel samples. 

ments with identical samples indicate 
that this result is well reproducible (see 
figure 3) . Measurements with an ato­
mic-force microscope showed that the 
nanostructure of stainless steel surfaces 

experience a strong change (formation of 
nanoparticles) just at those temperatu­
res. A similar abrupt increase in the pro­
bability of heating (by a factor of -10) 

after heat treatment was also observed 
for the interaction of UCN with a copper 
surface. It should be noted that baking of 

traps and samples up to these tempera­
tures is the routine preparatory proce­
dure in UCN storage experiments. 
We concluded that acceleration of UCN 

by the thermal motion of nanoparticles 
which are weakly bound to a surface, 
could be the most probable cause of this 
kind of heating of UCN [5] . To verify this 

hypothes is. we deposited a powder 
(-1 cm3) of diamond nanoparticles with 
a mean size of -5 nm (Ultradiamond-
90) on an area of -150 cm2 on the cop­

per bottom surface of the spectrome­
ter. In this case . the VUCN flux increa­
sed strongly (see figure 2), and the pro­

bability of VUCN production became as 
high as - 10-3 per co llision. In contrast 

to the observation of a high VUCN flux 
from the nanopart icles powder, this 
heating effect was not observed when 
using a surface of a sapphire single 
crysta l. Here the probability of heating 

was determined to be< 1 o-a per colli­

sion. In this case, also th e scanning 
atom ic force microscope cou ld not 
observe any trace of nanoparticles on 
this surface. These findings are in line 
with our interpretation that th is "'hea­
ting" of UCN, interacting with a surface. 

is caused by their acceleration in co l­
li sions with very sma ll so lid particles. 
The observed small changes in energy of 

UCNs during their collisions with surfa­
ces are import.ant for the storage of UCNs 
in traps. It provides that UCN spectra 
are genera lly "spoiled" by an admixture 

ofVUCN. Those cannot be removed by any 
spectral shaping method when using com­
mon materials for trap walls. such as 
solid surfaces and liquid fomblin oil. This 

mechanism can lead to a significant 
increase in the loss probability of UCNs 
from traps and can induce systematic 
errors in precision experiments. There­
fore an analysis of many experiments on 

UCN storage is not reliable if the VUCN 

production rate is/was not controlled. 
The probability of this process is usually 
10-1- 10·5 per collision. However. as we 

know now. the preparation of surfaces 
allows to influence the probability or 

VUCN production to both. higher ancl 
lower ranges. respectively. The descrip­
tion of interaction of neutrons with nanop­
articles is not limited to the UCN storage 

experiments. This phenomenon provides 
also a new sensitive methocl to study 
their motions on a surface. Small energy 

changes with a probability as low as 
1Q-9_10" per colli ion can be measured. 

Only moving (weakly bound) nanoparti­
cles contribute to the measurable va lues. 
They are most effective if the ir size cor­

responds approximately to the neutron 
wavelength. Additionally. the present 
results are import.ant for the possibili ty 

of the production of a high-density UCN 
source, based on a completely new phy­
sical principle: The thermalisation of very 
cold neutrons by ultracold nanoparticles. 
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Simulating is stimulating 

Jean-Francois Perrin (lel't) and Fabien Pinet (both from the Informatics Service. SJ) with 
a clustel' of PC's recently installed at ILL. 

From the lefL: Helmut Schober. Markus 
Pohlmann and Ka rin Schmalz! enjoying 
the lunch break during one of the ILL 
Users Forum. 

ome ILL simulator · and members or the Computing for Science group. 

Francesco Albergamo setllng up his isotherm 
adsorption system. 



Mark Johnson, 
Leader of Computing for Science 

http:/www.ill .fr/computing/c1ub.htm1 

Efim Kats, Leader of Theory Group 
http:/www.ill.fr/ colleges/ c2/ 

theorycollegehome.html 

D avid Mermin said recently 

that "theoretical physics 

was done by physicists 

who lacked the skill to do real expe­

riments". This statement is partially 

true but in the "Modelling and 

Theory" chapter the collected papers 

are devoted to problems investigated 

by experimentation combined with 

numerical and theoretical studies. 

The physical problems posed in these 

contributions are far too complica­

ted to be solved analytically. Insight 

on a microscopic level can be obtai ­

ned using numerical modelling tech­

niques, such as molecular dynamics 

(MD) simulations, but the underly­

ing physics can be extracted from 

experimental and numerical data by 

carefully constructed models based 

on the minimal set of "ingredients" 

required to capture the observed phy­

sical effects. Numerical simulations, 

that can be manipulated more easily 

than real experiments, can be used to 

guide theoreticians towards the cor­

rect ingredients and reasonable para­

meters. 

Modelling and theory 

In the work on discotics by Kearley et al., two quasielastic signals were mea­

sured and identified from MD simulations with motions parallel and perpendi­

calar to molecular chains, whereas, originally, they were expected to originate 

from the motion of different groups on the same molecule. Modelling the lat­

tice dynamics in methane-ice clathrates (Baumert et al.), based on simplified, 

rigid water molecules, reveals the phonon dispersion curves associated with 

guest-host coupling as seen experimentally in the vibrational density of states. 

Similar dispersion relations are obtained from a model of beads in coupled sphe­

res. Parameter-free (first principles), numerical methods are used to analyse 

the molecular vibrations in Kevlar, a model ~-sheet compound (Plazanet et al.). 

Since the initial solid state structure is the only input in the normal mode cal­

culation, agreement between measured and calculated spectra shows the vali­

dity of the initial structure. Vibrational spectroscopy is used as a probe of local 

structure. 

The paper by Currat et al., devoted to composite, incommensurate crystals, illus­

trates the minimal model approach. Fundamental questions concerning the 

nature of elementary excitations in these systems are still open. In previous work 

all excitations were studied collectively using many phenomenological para­

meters. In this paper the authors restrict themselves to robust and experimen­

tally testable features of the excitation spectra related to dissipative coupling 

between subsystems, surprisingly a mechanism overlooked previously. Simi­

larly )ackeli presents a minimal model devoted to spin wave theory of so-cal­

led metallic double perovskites, a class of materials with rich potential for 

applications. For a theory with such simple physical input, the )ackeli model 

shows remarkably good agreement with existing experimental data and, based 

on the model, new predictions certainly contain more than a grain of physical 

truth. 
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a isco tic materi als orten have 

mesomorphic properti es dcpen­

cling on th e nature or t11 e hydroca rbon 

chains that are attached a. "Lail s" to 

the aromatic cores. In addition to a 

crys talline phase they ortcn display 

intcrmccl iatc liquid cry Lal line pha ses 

a b 

Stabilising self-assembled 
discotic mofecular electronics 

Discotic materia ls are molecules with planar, disc-like po ly-aromatic cores 

that can self-assemble into "molecular wires". Highly anisotropic charge trans­

fer along the wires arises when there is sufficient intermolecular overlap of 

the rr-orbitals of the molecular cores. These materials have potential appli ­

cations in molecular electronics, field-effect transistors and recently, with 

record quantum efficiencies, in photovoltaics [1]. Nevertheless, there is still 

an order of magnitude difference between the conductivities measured on 

microscopic and more macroscopic scales, the latter being much smaller [2]. 

Our aim is to account for this "missing" conductivity, the suspicion being that 

it arises from a loss of correlation within the columns due to thermal motion 

of the discs. This problem, plus the role that the tails and of charge-trans­

fer inserts, makes a good study for quasi elastic neutron scattering (QENS) . 

C 

Figure I : Liquicl crystall ine phases with increasing molecular orcler. In order of clecrea­
,; ing tempera lure: a) emalic clisro ti r. b) nematic columnar. c) columnar hexagonal. 

deuteration, it is too in tense to arise 

only from the core hydrogens. which 

constitute only 10% of the tota l. In 

such complex system there is motion 

on almost every timesca le and the only 

rea sonable route to understanding the 

origin or the two motions observed on 

I 6 is via a molecular dynamics simu­

lation. A rather simple model (for uch 

a complex system) consist ing of a 

column of 4 discotic molecules (578 

atoms) was constructed from which it 

quickl y beca me clear that the two 

observed motions are whole-molecule 

displacements para llel and perpendi­

cular to the co lumn axis. 

prior lo melting to the isotropic liquid 

(figure 1 ). Tl1e liqu id crys tall ine pha­

ses appear Lo have the bcs l conducti­

vity. wh ereas th e crys tall ine ph ase 

resul t in unwanted Lilting or the cores. 

Recently. it has been shown that the 

liquid crystall ine colum nar hexagonal 

phases ca n be sLabi lised. and Lil ting or the 

discs reduced. by adding electron accep­

tor molecules such as T F' (2.4 .7 trini­

tronuoren-9-one). This extends the range 

in which efficient charge transrer· occurs 

down to room temperature (figure 2). 

The l'irsL part or our QI~ S stucly was 

or IIAT6. wh ich is about th e simplcs l 

cli sco tic sysu:m Lo rorm li qu icl crys ta 1-

linr columnar phases (figure 3). 

Idea lly. the importan t core motion could 

be stud iccl by dcutr ration or the tail s. 

but lhi deuteration is difficul t. There­

fore. we used a more indirec t route: 

cleuteration the 6 core-hydrogens and 

then subtraction of this spectrum rrom 

that or the fully protonated material. 

Th e quasiela stic spectra revea led 

moLion on two tim esca les within the 

range of IN6: 0.2 and 7 picoseconds. 

l lowever. whilst the intensity of the 

slower component decrease on core-

[ 
The more ra pid motion corresponds to 

a sliding of the discs relative to each 

[ 
\ 

• M •• M +« M ·J ca - •C=II +Cltf! -• • Mi M • M 

• a •c:::a -
Figure 2: Indicated on the right is the proposccl structure in the liquid crysta lli ne colum­
nar pha,;c or l he donor-acceptor complex of lriphenylene ancl TNF. 



Figure 3: HAT 6 or hexakis(n-hexyloxy) 
triphen lene. 

other whil L the slower motion corres­

ponds to a tilting of the di cs out of their 

formal molecular plane. Interestingly. 

on the picosecond timescale the moti ­

ons of the tails and the cores are stron­

gly correlated. the original concept of 

distin ct co re and tail motion being 

found to be incorrec t. Thi s is shown in 

the radia l correlation function between 

a co re ca rbon atom and success ive 

ca rbon atoms along the alkyl chain 

(figure 4). It is also interesting to note 

that the core-core and Lai l- tai l inter­

action play an almost equal role in 

determining the dynamics of the di sc. 

In fact, ther is some "entanglement" 

between tail s of successive di scs. and 

consequently, on ly very limited partial 

rotation of the discs wa een even on 

the 1 nanosecond Limescale. 

In the econd part of th e study we 

inve Ligated HMT which has the same 

Lriphenylene core as HAT6. but ha 

the sim plest possible. -OCH3, tails that 

are a y Lo deuterat (figure 5) . Again. 

motion on two timesca les was found. 

but perhaps urpri ingly, in this simp­

ler system the signa l for the slower 

motion disappears on deuteration of the 

methyl ta il . A molecular dynamics 

imulaLion of 4 HMT di cs also hows 

clearly that the slower motion seen on 

I 6 i assoc iated with torsion of the 

whole methyl group (including the car­

bon) around the 0-core bond. 

Th e m asur d co re motion is abou t 

rtng-C6 
2 

rtng-<'.5 
2 

rtng-4 
2 

rtng-(j 
2 

rtng-C2 
2 4 6 8 

rlng-Ct 
2 4 Radius (An~s) 

8 

Figure 4: Rad ial corre lations between the indicated tail C atoms with the corn er of the 
HAT6 core it is connected to. 

twice as fa st as in HAT6, reflecting the 

slowing down effect of the longer tails. 

However. on addition of the T F' the 

charge-transfer complex is formed and 

the signal from the slow motion beco­

mes too slow to measure on I 6. The 

faster core-motion lows by more than 

a factor of 2, to a timesca le similar to 

that of HAT6. The molecu Jar dynamics 

simulation for HMT with the charge­

transfer complex has yet to be done, but 

it is seems likely that the motion paral­

lel to the column ha become too slow 

to measure. and that the sliding of the 

discs slows down to the va lue obtained 

with the much longer tail of HAT6. 

One particularly interesting aspect of 

HAT6 is that just above the melting 

point in the iso tropic liquid phase the 

measured quasi-elastic signal is not 

liquid-like. even though all Bragg-peaks 

are ab ent. The measured quasi-ela s­

tic spectra are similar to those of the 

co lumnar phase. though somewhat 

broader. What does this mean? IL tran-

Figure 5: Hexamethylene-tetramine. 

spires that our MD simulation using a 

single co lumn of 4 di cotic molecule 

agrees better with these "liquid" 

spectra than with the columnar liquid 

crystalline pha se. The lack of column­

column interac tions and the limited 

size of our model eem to provide a 

good representation of disc-disc inter­

actions that per ist into the 'iso tropic 

liquid' phase. This is a correlation over 

a limited distance and limited time. as 

evidenced by the lack of Bragg-peaks. 

and shou ld not b regarded as "chunks 

of column" floating around in the liquid. 

This sLUdy demonstrates that a combi­

nation computer modell ing and neu­

tron scattering data . can lead Lo a com­

plete picture of molecular dynamics 

in complex sys tems. Th ese motions 

often have direct bearing on bulk mate­

rial propertie - in this case. tile inter­

play between core and tails provides 

a direct insight into increasing core 

rigidity and hence conductivity along 

the molecular wires. Thi is particularly 

importan t a the loss of intra-column 

correlations due thermal agitation of 

di cs acts to decrease overlap of core 

1t-orbitals and becomes increa ingl 

critica l as the column length increases 

when moving into the bulk. 
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Most common gas hydrates occm 

in one of th e following crys tal 

structures: cubic structure type I or 

cubic structure type II. Structure type 

I hydrates con sist or 2 small spheri ca l 

cages and 6 large ellipsoidal cages 

(figure 1 ), whereas the structure type 

II is formed of 16 small and 8 large 

cages, of which both are nearly symme­

tri ca l. As both structu re types contain 

80% of hydrogen bonded water mole­

cules, many properti es resemble those 

of ordinary ice lh. Thi s, however. is not 

true for th e th erm al conductivity k, 

which is unusually low and displays a 

temperature dependence similar to that 

of glasses [2 ]. despite the crys talline 

character of the gas hydrates . At least 

two different qualitative models have 

been proposed to explain the unusual 

thermal conductivity: (i ) the large unit 

cell is leading to a limited phonon mean 

free path [3], and (ii ) a coupling bet­

ween the gu es t and host vibrations in 

the low frequency region lea ds to 

effective phonon sca ttering [4] . 

In the case of clathrate hydrates, the 

structure consists of an open fra me­

work structure with encaged 

atoms/molecules. Recently the guest­

host coupling was confi rmed experi­

mentally in inelastic incoherent neutron 

sca ttering experim ents on structure 

type I xenon hydrate [5,6] . Due to th e 

Lattice dynamics 
and guest-host coupling 
in clathrate hydrates 

Clathrate hydrates are a special class of inclusion compounds, in which small 

hydrophobic guest molecules or atoms are trapped in cages formed by an 

ice-like host lattice of water molecules. In recent years large deposits of natu­

ral gas hydrates (e.g. methane hydrate) have been discovered on the ocean 

sea floors, and are considered as a potential future energy resource, but also 

for their possible contribution to the greenhouse effect [1]. 
In the case of gas hydrates the guest-host interaction is weaker than the 
bond strength of the cage structure. Nevertheless it is this hydrophobic inter­

action, which stabilises the ice framework and is thought to be responsi­
ble for a coupling between the low frequency vibrations of the guests and 

the vibrations of the host lattice. These interactions between the guest 
molecules or atoms and the water network make gas hydrates a model sys­

tem for the study of hydrophobic interactions, relevant for a fundamental 
understanding of the water and repulsive water-guest potentials. 

Pigure 1 : Th e schematic of a structure 
type I hydrate (GEOMAR - Kiel). 

importance of this study we have inclu­

ded methane hydrate and the structure 

type II argon and krypton hydrates in 

our studies. The nominal stoichiome­

try of the sa mples was CD,5.75Hp, 

Kr5.67Hp. and Ar5.67H20. 

Figure 2 shows the spectra of argon 

and krypton hydrate and of ice lh as 

recorded on the cold neutron time-of­

flight instrument IN6 at T=100 k fo r a 

neutron energy gain of O to 15 meV. For 

argon and krypton hydrate the peaks at 

around 7 meV and ·11 meV may be attri­

buted. in analogy to Ice lh. to the trans-

verse acoustic phonons near tlie zone 

boundary and their fold-back towards 

the zone centre, respectively. or parti­

cular interes t are. in the case or the 

hydrate spectra, the peaks below 5 meV. 

which are absent in the spectra of ice 

lh. These lines show indirec tly the coup­

ling between the guest and host vibra­

tions: As the incoherent scattering cross 

section of the water host lattice exceeds 

that of the guest molecules or atoms by 

more than two orders of magnitude. the 

scattered signal arises from the vibra­

tions of the hydrogen atoms, displaying 

only the density of states of the water 

molecules. Furthermore it is known that 

the guest atoms in the cages behave 

like low frequency Einstein oscillators. 

As structure II is formed by 2 types of 

spherica l cages of different size. the 

guest atoms in the small cage vibrate 

with the highest frequency (a round 4.5 

meV) whereas the large cage leads to a 

lower frequency (a round 3 meV) . The 

coupling of the gues t atom vibrations Lo 



XtO• 

o~~-~-----~-~~~ 
o 4 8 10 12 14 

Enel1'( (meV] 

Figure 2: II S spectra or r- and Kr-hydraLc 
together with ordinary ice as rercrcncc. The 
spectra were recorded at T= I 00 K on the 
cold neutron lime-of-night instrument I 6. 
The low frequency excitations in Lhc hydrate 
spectra at around 3 and 4 me arc attri bu­
ted to the loca lized gue L vibrations. which 
arc coupled to the host latlice modes. 

the surrounding cages cau es cage oscil­

lations with the ame frequency. making 

them visible in the neutron spectra . 

In th e case of stru LUre type I. th e 

large cage has an ellip oida l shape. 

Whi le the guests in the small cage •ti ll 

vibrate with th e 11 ighe t frequenc . the 

ell ipso idal shape or the large cage leacl 

o~~-~----~-~-~ 
o 6 8 10 12 14 

Energy (meV) 

Figure 3: IINS spectrum orCD,-H,O hydrate 
measured on Focus (PSI). Only one guest 
exc itation is observable at around 4 meV 
as th e other two overlap with Lile host lat­
tice peaks at 7 and I I mcV. 

to 2 distinct lower vibrationa l frrqucn­

cies. In th r case of xenon hydra te thr 

co rresponding 3 low frequency :<cita­

tions cou ld be ob erved 16]. In figure 

3 th e spectrum of CD , hyclrate is dis­

played for T=100 Kand neutron energy 

0.2.---~---~-;::===== 
- Total DOS 
- H.O.Host Lattice 
- CH ..(;uestmole(ules 

0.15 

ga in between 0 and 15 meV. In order 0 -as 

to understa nd the presence of only one 

low frequency guest mode in th e case 

of methane hydrate. we additionally 

ca lculated the density of states (DOS) 

using latti ce dynamical (LD) simulali­

ons. Th e I.D ca lculation were r erfor­

med with periodic bounclar conditions 

on one proton disorclerccl unit ce ll con­

taining 46 water and 8 methane mole­

cul es. Thr resu lting DOS i cli played 

in figure 4. The ·a lculatecl frequencies 

of the gues t modes are shifted towa rds 

lower frequencic with respect to the 

mea u reel frequencies by about 20%. 

This point · towa rds an underestimation 

of the rr pulsive methane-water poten­

tials in th e prese nt ca lculation. Th r 

ca lculated DOS of t11 e hos t framework 

is nevertheless in goocl agreement with 

the experiment. Additionally. th e ca l­

culations sho\ that there are 3 loca­

lised gues t vibrations. though 2 or them 

co incide with the excitations ari sing 

from the host latti ce. 

The coupl ing, which ca n also be obser­

ved in the ca lcul atecl DOS. is origina­

ting from an avoided cross ing between 

acoustic (host)- lauice phonons and 

loca lised guest mode of the same sym­

metry. This avoided cross ing leads to 

Ene11Y (meV] 

Figure 4: Ca lculatccl clcnsi l) of states or 
methane hydrate . The partial rl cnsily of 
slates or the host lattice rcnects lo a small 
rlcgn:c the DOS or the methane guest mole­
cu les. This contri bution can then he obser­
\ eel in the II NS sprrlra. 

a mix ing or thr eige nvectors of the 

guest aml hosl morlrs. \\ hich can th en 

be obscrvecl in the II S spectra. l•'or Llw 

argon and krypton hyclrat1'. as 1hr equi­

librium po •ilion of the guest atoms in 

Lhe large cage is not well defined. molc­

cu lar dynam ics sim ulations shou ld be 

usecl to ca lcu latr clC'nsity of sta te·. 

In conc lu sion. \\C co ulcl confirm liH' 

guest-h os t coupling for structure II 

l1 yclrales. For mrthane l1ydrate \\'C 

iden til'iecl \\'iLh the help of lattice dyna­

mical ca lculations the coupling mecha­

nism. Th e standard empirica l potenti­

als for waLer reproduce well the dyna­

mi ca l properties or t11 e hos t lattice. 

I lowever. the repulsive interac tion bet­

ween th e gues t molec ul es and Lil e 

water lattice is underes timated by the 

combination or Lil e \\'ater-methane 

potentials. pointing towards the impor­

Lance or these int erac ti ons l'or th e 

gues t-host coupling. 
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Ti1c frequencies and polari za tion 

' ~cc lors of mo lec ular vibrations 

depend sensitive ly on all , loca l inlcr­

alomic intcrac lions. In organic so lids. 

in Lhc absence of charged molecular 

groups. Lh ese in Lera et ions Lyp ica I ly 

have a ra nge of 5-6 A. For an iso lated 

hydrogen bonding ► 

Figure I: The crystal strul'lllll' or Kcvlar 111 . 

osc illaLOr or mass m. til e frcquf'ncy w 
or exc itation is given direc tl y by tile 

force con stant k (i. e. w = (klm)11
·') . In 

a multi -atom sys tem Lil e vibration fre­

quency is given by L11 e gr·aclient of tile 

poLential energy surracc wl1icll depends 

on Lile sum of all such contributions e.g. 

t,; = I.k(l-l0f. wl1 cre /0 describes Lile 

equilibrium geometry or an iso lated 

osc illaLO r. Tilu s. if Lile force constants 

k are known. Lile relative atomic posi­

lions / can bf' clecluced from Lhe viilra­

lional exc ita lions. Tlw criLi ca l in put in 

quanLifying L11 e structur·e/clynamics 

(a tomic pos itions/v ibrati on rrcqucn-

Yibrational spectroscopy 
of oriented Kevlar fibres, 
a model {3-sheet compound 

The commercial fibre Kevlar is a polymer composed of para-phenylene 

terepthalamide monomer units. Peptide linkages in and between the mono­

mer units allow hydrogen bonding between polymer chains and the forma­

tion of ~-sheets, more familiar in the secondary structure of proteins. Infra­

red absorption spectroscopy is used empirically in peptide and protein 
conformational analysis. INS allows the structure-dynamics relation to be 

quantified. The vibrational modes of oriented fibres of Kevlar have been mea­
sured on IN1. Solid state, quantum chemistry calculations allow a reliable 

assignment of the modes and are used to investigate the dependence of the 
modes on the inter-sheet packing in the solid state structure. 

cics) relati on is the force con stants 

and these are obtained mo ·t reliabl y 

rrom quanLum chemistry ca lculations. 

By combining density runclional th eory 

(DFT)-based . qu antum chemi stry 

methods and periodic bounclary co ndi­

tion . as in Lile VAS P code [ 1 J. complex 

so lids descr ibed by a box containing 

l1und reds of atoms. can be trea tecl. In 

practi ce. vibrational spectra arc ca lcu­

latccl for a range or sol id stale structu­

res. l)y using Dl"T ca lculation s LO gene­

rate tile dynamica l matrix. which on 

di agona lisa tion gives til e vibrational 

eigenl'rcqu cncies and eigenvec tor's 

[2.3]. l•'or inelas tic neutron sca ttering 

(INS) spectra. thi s inform ation is sul'­

ficienl to ca lculate til e whole spec tral 

400 600 800 1000 1200 1400 
- , energy trans(er 
(wavenumbers] 

profile. Comparison between measured 

ancl ca lculated spec tra enabl es til e 

mos t likely solid state structure to be 

identified. INS is th erefore use ful for 

loca l structure determination in amor­

phous or partiall y crys tall ine samples . 

for exampl e polymers. wh ere dif­

frac tion data is lim ited. 

Kcvlar. poly( p-pl1enylene tereptll a la­

m ide). is a l'ibre. proclucecl commerci­

ally by Dupont. that is well-known for 

its l1igh strength ancl related app lica ­

tions. for example in bul let proof ves ts. 

Th e pl1 ys ica l strength or tl1 e fibres is 

clcterminecl by t11 e structure at a mole­

cular level. Figure 1 shows Lil e 

structure obtained from til e original. 

fi bre diffraction experim ents [4]. Pep-

400 600 Soo 1000 -1200 1400 
- • energy trans 
(wavenumbers) 

Figure 2 :(a) Spectra measured on I I . ancl (b) calculaLe(I l'rom structure [I J. 
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sa mple geomcLry effec ts l1 ave noL. The 

overall agreement between measured 

ancl ca lculatecl 'JJ CC Lra is good. inclu­

cling Ll1 e in tensity va riation of modes 

with sa mple orientation. Th e mocles at 

- 1200 cm·1 (- 150 mcV) that va ry most 

strongly in inlen ity invo lve rocking of 

the phenyl C-H bond . which are polari­

zed along the fibre axis. 

250 500 750 1000 1250 

energy transfer [wavenumbers] 
1500 

However. comparing the sum of th e 

measured spec tra wit11 th e sum of th e 

calculated spectra revea ls the systema­

ti c overes timate in intensity of th e 

lowes t frequency pea k in th e 600 -

1100 cm·1 (- 75 - 140 meV) range and 

small errors in peak positions. Figure 

3 sl1 ows ca lculatecl sum spec tra for 

different initial strucLures. va rying the 

relati ve alignm ent alon g th e chain 

clirec tion from 2 Lo 6 A. AIL11ougl1 vibra­

tion al modes are rxpec ted to be domi­

nated by intra-shret interac tion s. Lil ey 

are quite sensitivr to interaction s bet­

ween sheets. Tl1e spectrum correspon­

ding to inter-sheet translation s of GA 

a long th e fibre axis shows Ll1e clea­

rest formation or Lilt' principal peaks in 

the 600 - 1100 cm·1 (- 75 - 140 meV) 

range and the l)es t ag r'eement in term s 

of peaks positions with the experimen­

tal clata. Th is structure cleviates signi­

fi cantly fl'om the original structure but 

agrees with the analys is or th e new 

fibre clifl'rac tion clata. 

Figure 3: Sum spectra ca lcu lated as function of LranslaLion between sheets along Lile librc ,~x is 
from 2 lo 6 A. 

tide linkages allow hyclrogen bond ing 

between polymer chains and thu s the 

rormation or parallel ~-sheets. wl1i ch 

along with a-heli ces con stitute tlw 

main secondary structura l elements 

or proteins. Vibrntional spec troscopy. 

in particular inrra-rccl absorption. is 

commonly used l'or poly-peptide and 

protein conformational analys is, l)ased 

on empirica l correlations or t11r amicle-1 

(amide C=O stretch at - 1600 cm·1 

- 200 meV) l)ancl profi le witl1 known 

structural units 151. A recent applica­

tion of t11i s approach is th e identifi ca­

tion of ~-sl1cc t l'ormation in rliffercnt 

protein s, respon sible for Alzl1 eimer·s 

ancl prion cl iseases. In th e case or 

Kevlar. the structural ques tion is more 

subtle. new fibre diffraction data from 

partially deuterntecl samples sugges ting 

a r'e lat ive translation in the direction 

of the po lymer axis between sheets of 

about half a monomer unit comparecl 

to th e original structure. 

The Kevlar sa mple was wound onto a 

thin , ri al alum in ium plate so L11 at th e 

fibres were in the scattering plane and 

the fibre axis cou ld be orientccl witl1 

respec t Lo mom entum transfer (0) 

vec tor. Spec tra measurecl at 1 OK l'or 

or ientation s ranging continuously l'rom 

parallel to perpendicular Lo the incident 

beam arr shown in figure 2(a ). Sca tte­

red intensity is highes t at energy trans­

fers corrrsponcling to moclcs polari zed 

parallel to tl1 e O vec tor and lowes t 

when the polar ization vectors are per­

pendicular to O. 
l~ach ca lculatecl spec trum shown in 

figure 2(b) is an average or spectra for 

a mono-crys tal rotated about the fibre 

axis. followed by a single rotation about 

a perpendicular axis. corresponding 

Lo th e sample orientation. Th e resolu­

tion function of IN1 has been inclurlecl 

in the calculated spectra. although L11 e 

sample-dependent backgroun cl. which 

increases with energy transfrr. and 

In conclusion. the analys is of Ll1 e vibra­

t. ions of Kcvlar clcmonstl'ates the use of 

INS and solid state DF'T methods !'or 

investigat ing ~-shee ts. showing how 

loca l structural inl'ormaLion can be obtai­

ned in partially crys talline materials. 
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Among the various types of incom­

mensurate sys tems one of th e 

simples t kind (Llie so-called composite 

one dimensional crys tal) is constructed 

from two sets of regular interpenetra­

t ing in co mmensura te chain s. The 

recurrent in terest fo r these systems is 

related mainly to the experimenta l ac ti­

vity on several classes of in tcrgrowth 

co mpounds which can be viewed as 

good ph ys ica l rea liza ti ons of th e 1 cl 

compos ite crys tal. There is a conside­

rable li terature (mainly theore tica l bu t 

not only) discuss ing eigenmocles and 

re lated properLie of composite sys­

tems (see e.g. the review article [11 and 

references therein. and the more recent 

papers quoted in [2], [3]. 141). Alt­

hough a number of sophi sti ca ted ca l­

culations have been published over the 

last 20 yea rs there is still a clear need 

for a simple (bu t ye t non-trivial) theo­

retica l mocl el with predictions which 

can be direc tl y testecl experi menta ll y. 

The most interesting aspect of the phy­

sics of compo ites is th e dynam ics or 

their sublatt ices. In order to formu ­

late the problem. let us consider l'irst 

two inter-penetrating atomic clrn ins 

with periods a and b and with no co up­

ling between them . Then, two indepen­

dent sets of incommensurate (in q-spacc) 

phonon bra nclies with cli ' persion s 

ffi,.{Q)=c.a-' lsin qal and ffi,,(Q)=c,,b·'lsin qbl 

shoul cl be obse rved (figure I ). Wlrnt 

happens with th em. when L11e inter­

chain in teraction is properly taken in Lo 

Sound modes 
in composite incommensurate 
crystals 

We propose a simple phenomenological model describing composite crys­

tals, constructed from two parallel sets of periodic inter-penetrating chains. 

In the harmonic approximation and neglecting thermal fluctuations we find 

the eigenmodes of the system. It is shown that at high frequencies there 

are two longitudinal sound modes with standard attenuation, while in the 

low frequency region there is one propagating sound mode and an over-dam­

ped phason mode. The crossover between these two regions is analysed 

numerically and the dynamical structure facto r is calculated . 

accoun t? Different type of coupling 

are responsible for different effec ts. 

Th e elas tic coupling results in the 

renormali sa tion of th e sound ve loc i­

ties . It lea cl s Lo repul sion of the cros­

sing branches with formation of in ter­

mediate gaps. The umklapp in tersection 

of branches occurs however for any q 

since. because of the period incommen­

surabili ty, the condition ffi.(Nq)"'<.Oi, (Mq) 

can always be sa ti sfi ed when the inte­

gers N. M are chosen properl y. Hence 

a rich hierarchica l se t of gaps in pho­

non spectra is expected (see e.g. f 3]). 

Some general fea tures related to the 

longitudinal sliding mode, and brea-

king of analytici ty due to static elas ti c 

couplings in L11 e 1 d double-chain model 

were reported in [3]. 

The electroslalic coupling La kes place 

wl1en the chains a and bare oppos itely 

charged. It leacls to non loca l renorma­

li ation of the phonon selfenergy. non­

tri vial retardation effec ts. and Lo the 

plasmon ga p form ation. 

The dynamical dissipative coupling ori­

ginates from the internal fri ction bet­

ween the chains described by a fri ction 

parameter y. 

Th e sca ttered intensity is proporti o­

nal Lo th e dynamica l structure fac tor 

S(Q,ffi). where 7iffi is the energy trans-

I I 
I 
I 

I , , , , 
I 

, \ 

I \ 
, 

I 

n/b n/a q 2n/b 2n/a 3n/b 

Figure 1: Phonon spectra or two uncoupled incommensurate chains a and b. 
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sublatLice phonons. they show traces 

of mixing because of the umklapp 

process: 

• AL low q we always have a double 

peak structure with a central mode 

and a propaga ting sound peak. 

Figure 2: The dynamical structure Factor or 1 d composite systems. Red lines correspond 
to S(q,ro) . green and blue lines correspond to S(O,:" + q,ro) and S(O,:" + q,ro). respectively: 
q is measured in r un its . Ticks: 'T and 'T corresponds to c,q and c.,q. 

Thu s we show that at high frequencies 

there are two longitudinal sound modes 

with (in this simplified model) wave 

vector independen L attenuation. while 

in the low frequency region there is one 

propaga ting sound mode and an over­

dampecl pha son mode. The dynamical 

structure fa cto r ha s a spec ifi c l ine 

shape resembl ing the Pano resonance. 

We anticipate that these effects will be 

observable. and that understanding 

the phys ica l mechanism leading to the 

diss ipative coupling between the sub­

lattice wi ll be essential Lo model the 

behaviour of the composite materials. 

In spite of the current research acti­

vity in the fi eld of composite crystals. 

there are still few experimental results 

Lo which model predictions can be com­

pared. and the experimental situation 

sti ll remain s very open. To a large 

extent. th is is due Lo the difficulty in 

identify ing suitable model sys tems and 

in growing single-crys ta l specimens of 

appropriate size and quality for light 

and neutron sca ttering experiments. 

We hope that this work (see also [5]) 

stimulates furth er efforts in this fi eld . 

fer. and liq is the momentum transfer. 

The results of the ca lculations of S(q,oo) 

for different va lues of oo scanning the 

structure factor at a fixed va lue of q are 

shown in figure 2. The picture presen­

ted above leads to the following quali­

tati ve prediction s: 

• The maximum in S(q,oo) due Lo the 

lower frequency sub laLLice phonon 

di sa ppears below a certain wave­

vecto r. 

• Both S(q,oo) and S( nn/a+q.w), 

S( m7t/b+q,oo) have asymmetric pro­

files with "antiresonance" points 

wh ere they vani sh (as in the case of 

the Pano resonance, when the inter­

ference between a discrete state and 

a continuum gives rise to characte­

ri stica lly asymmetric peaks in exci­

tation spectra): 

• Although S(nn/a+q,w), S(m7t/b+q,oo) 

correspond to "decoupled" a and b 

REFERENCES 
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The recent discovery of the room r ~emperature magnetoresistance in 
double perovskite compounds [1] has 
generated in tense interes t in th ese 
material s because of their potential 
applications to magnetotransport devi­
ces as well as th eir ri ch and challen­
ging physica l properti es. With regard 
to the former aspect, metallic ferri­
magnetic (FiM) compounds such as 
Sr2FeMoO6 and Sr2FeReO6 are of par­
ticular recent interes t. becau se both 
have higl1 magnetic transition tempe­
rature (Tc= 420. and 400 K, respec ti­
ve ly) and th eir elec tronic structure 
has been suggested to be half-metallic. 
We have recently taken a step towards 
a theoretica l understa nding for the 
magnetism in these compounds [2] . 
We have proposed a minimal micros­
copic model, wh ich allows fo r con sis­
tent ana lyti ca l analys is. We have con­
structed a spin wave theory of meta l­
lic ferr imagnetic compounds ancl dis­
cussed in deta il the basic features of 
the spin exc itation spectrum. Here we 
give a brief account of the outcome of 
the proposed theory. We first shortly 
describe basic particu larities of double 
perovskites . We then provide a quali­
tative picture of the or igin of ferrimag­
netism ancl. finall y, we di scuss the 
essential aspects of microscopic theory 
ancl the results based on it. 
In the double perovskite structure Fe 
ancl Mo/Re ions form two face centerecl 
cubic sublattices and each pair of nea­
rest-neighbor lattice sites is occupied by 
two different ion s. In the ionic picture. 
Fe is in the 3+ va lence state ancl has five 
d-electron . which are strongly coupled 
by Hund's rule in the high spin state S 
= 512 and are loca li sed. The Mo ion is 
in 5+ valence sta te and has one t2g elect-

Spin wave theory 
of metallic double perovskites 

Ordered double perovskite oxides such as Sr,FeMo06 and Sr,FeRe06 have 
recently attracted intense interest for their possible applications to mag­
netotransport devices. These compounds are metallic ferrimagnets with half­
metallic electronic structure and with fairly high magnetic transition tem­
peratures. We have recently formulated a theory of carrier-induced ferrimag­
netism in these compounds. We have derived the dispersion law of the spin 
waves and analysed quantum corrections to linear theory. We have found 
that quantum effects are strongly enhanced in systems with higher carrier 
density (such as in the Re compounds) and can cause nontrivial modifica­
tion of the semi-classical magnon dispersion law. The effect can be inves­
tigated by inelastic neutron scattering experiments. We have also analysed 
the electron density dependence of a ground state magnetic structure and 
predicted layered antiferromagnetic ordering at high carrier density. 

ran in the 4d-shell . (The Re based y -
tern s have one more charge carr ier per 
formula unit. ) Only thi s ex tra elec tron 
can move to neighbouring sites and form 
a band. Moreover, in the class ica l 
picture. on ly an electron with spin down 
(with respect to the loca l Fe moment) 
can hop to an iron site. The spin up 
elec tron is no t able to move at all . 
because at each Fe site the spin up 
sta tes are already all occupied. so the 
Pauli principle forb ids such motion. 
Thu s. it is the exclusion principle, which 
couples t11e itinerant spins and the local 
moments and this coupling is kinema­
tica l in origin. This contrasts with the 
case of double-exchange systems, in 
which the intra-atomic Hund's rule is 
responsible for the coupling between 
the two subsys tems. The common fea­
ture of these two magnets is th e stabi­
lisation of the ferromagnetic (FM) arran­
gement of loca l spins due to th e 
reduction of kinetic energy. In the case 
considered here, the kinetic energy of 
itinerant elec trons is minimised when 
the local moments are parallel to each 
other and antiparallel to the itinerant 
spins. Th is is the or igin of the carrier­
induced FiM ordering. 
To provide a quanti tative description of 
the above di scussed physica l picture 

0 1 2 

Electron density 

Figure 1: Spin wave stiffness (in units oft 
= 1) versus carrier density, For different 
va lues of the charge transfer gap t:,, (t:,, = 
0, 4. and 8, solid, dashed and dotted-das­
hed lines, respectively). 

we have proposed a model Hamiltonian. 
In the Hamiltonian we have reta ined 
on ly low energy charge exc itations in 
the system, which correspond to the tran­
sitions from (Fe If, B cf) to (Fe c/5, B cf·1) 
co nfigurat ion s, where B stands for 
Mo/Re ion. The Fe ions have been trea­
ted as localized sp ins S = 5/2 and extra 
electron from nonmagnetic Mo/Re ions 
as i ti nerant degrees of fr eedom. In 
order to respect Pa uli exclusion pr in­
ci ple and to project out unphysica l 
state with tota l loca l sp in S = 3, we 
have in troduced an infinite local anti­
ferromagnetic (AFM) cou pi ing between 
core and itinera nt spins. We recall that 
for six elec trons in a cl-shell the maxi-



mum allowed total spin is S = 2. 
Since th e va lue or the core spin is rela­
ti ve ly large (S = 512) we have u ed the 
!IS expan ion to study the spin dyna­
mics or the ferr imagnetic meta ll ic state. 
We Found that there are two branches 
or spin excitations. similarly to the case 
or loca lised ferrimagnets. They describe. 
respectively, a gapless Goldstone mode 
and a gapped optica l mode. In addi tion 
to these two mocles, there exists a Sto­
ner continuum in the metallic sys tems. 
The clisper ion law or the gapless branch 
at the quas i-cla sica l level is Heisen­
berg-like. corre ponding to a Heisenberg 
ferromagnet with nearest- (J,) and next­
nea rest-neighbour (J) exchange ener­
gies . We have analysed th e elec tron 
density dependence of Lil e exchange 
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Figure 2: Spin wave spec lrum in the 
(I . I . I .) di rcclion (in unils of l =J) versus 
momentum. Solid and clashed lines repre­
sc nl the magnon dispersion law in Lh e 
harmonic approximalion and with quantum 
correcti ons included. respective ly. 

energies and of the spin stiffness . 
l<' igure 1 shows the carri er density 
n dependence of the spin stiffness 
D = 16S( J,+J) , in uni ts of the electron 
transfer in tegral l = 1. for dilTerent 
value of the charge transfer gap !l. We 
note that the compound Srf'eMo(Re)06 

corresponds LO the case n = I (2). At a 
fixed density the stiffness scales with the 
ca rrier bandwidth: D- l (for I >!l) and 
D-t"ltl (for l <tl) . As a function of den­
sity, the spin stiffness exhibits a strong 
nonmonotonic behaviour. It shows a 
maximum at optimal filling n0p1- l and 
then drops to zero at some critica l den­
sity n ,. Thi s agree with the density 

dependence of Tc ob tained in Rer. [3]. 
We now discuss quantum co rrections 
LO the linea r th eory di scus ed above. 
These correc tions are governed by fer­
m ionic excitations and are thus diffe­
rent from those in in sulating magnets. 
The quanLU m corrections generate two 
ma in effec ts in the magnon spectrum: 
(i) they give ri se to spin wave clamping 
in the ground sta te, and (ii) they mod ify 
the semi-classical dispersion law of 
magnons. F' igure 2 shows the semi­
class ica l (solid line) and renormalised 
(with quantum correc tions includ d) 
(dashed line) dispersion of magnon 
fo r ca rrier densities n = 1. figure 2(a) . 
and n = J.B. figure 2(b). In th e ea e of 
optimal ca rrier density n = I. the quan­
tum effec ts do not prac ti ca lly alter the 
semi-clas ica l di per ion. However. 
For a higher ca rrier density the quan­
tum effec ts become trongly pronoun­
ced. They cause a stiffening of the long­
wavelength excitations and a so ftening 
of th e zone boundary magnons. Thi s is 
clea rly seen in figure 2 (b). Based on 
our analysis. we suggest that Srf'eReOu. 
which has two charge ca rriers per for­
mu la unit. is mos t suitable. among th e 
presentl y ava ilabl e co mpounds, for 
experim ental studi es of quantum 
effec ts in the spin wave spec trum . 
We have mentioned above that th ere is 
a critica l ca rrier density n" al which the 
spin wave stiffn ess va nishes (fi gure 
I ). This indi ca tes th at th ere exi Ls 
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anoth er type of magneti c ordering 
which competes with the F' iM order 
and becomes favourable as n approa­
ches ncr. We have identifi ed the symme­
try of th e new magneti c order and 
found th at it co rresponds to th e laye­
recl anti ferromagnetic arrangement of 
loca l moments (so called AF'M- 11 orcle­
r ing). This sta te consists of 1111] F'M 
planes, which are coupled antiferro­
magneticall y. Th e above di cussed 
zone-boundary magnon softening ca n 
be thu s interpreted a a precursor 
effec t associated with the proximity of 
laye red magnetic ordering. In figure 3 
(left panel) we show a 2D cut of the 
AF'M-II magnetic sLructure. In Lhi sta te 
th e charge ca rri ers are confined wit­
hin the 1 D F'M tripe . It appea rs that 
for ca rri er clen i ti e n > nrr. electron 
can ga in more kin etic energy in th e 
AF'M-II state than in the Fi I one. and 
th e rormer becomes favoura bl e. 
Finally. in figure 3 (right panel) we 
prese nL the proposed quali ta tive phase 
diagram of doub le perovskiLes . Th e 
dashed curve in Lhi s figure denotes the 
second order ph a e boundary between 
paramagneti c and magneti ca lly orde­
red states. Tl1 e F'iM phase is stable for 
ca rrier densiti es n < n" and there is a 
first order phase tra nsition Lo the AFM­
II ph ase upon increasing th e den ity. 
The first order phase boundary [see 
solid line in fi gure 3 (left panel)) 
term inated by th e bicriti cal poinl. 

n 

Figure 3: Left panel: 'l\vo dimensional sketch or the AFM-I1 stru cture. Large (small) arrows 
denote the core (itinerant) spins. Reel (blue) clashed lines indicate the allowed path for spin 
up (clown) electrons. and OIied yellow circles stand lo r nonmagnelic ions: Right panel : pro­
posed quali lativc phase diagram in Lhe ( 7'. n) plane. 
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FaME38 at ILL-ESRF 
FaME38 is the new Facility for Materials Engineering that has been set up 
jointly by ILL-ESRF, with start-up funding from an EPSRC grant, to provide 
extra support for European Engineers to enable them to make the best use of 
neutron and synchrotron X-ray beam facilities . The FaME38 team began work 
on-site in April 2002 and the FaME38 laboratory was officially opened for 
users in November. 

Engineering research at the ILL FaME38 
The early days 
MaLerials engineering research has been 
ca rri ed ouL aL Lh e ILL ror many yea rs. The 
principal acLiviLy has been neuLron sLrain 
sca nning wh ich sLarLed in Lile ea rly 1980's 
[1-3] on D1A. The firsL measuremenLs used 
crudely cuL holes in cadmium sheeL Lo define 
neuLron beam s a few millimeLres square. 
Sca nning Lh e sa mple involved manuall y 
moving iL on a ca libraLed slide through the 
·ga uge volume·. l teraLive single pea k fiL­
Ling. to deLermine accurate peak posiLions 
from which the Lrain is deLermined. LOok 
of Lh e order of hours. Gradually bea m-defi­
ning sys tems were refin ed. auLOmaLed XYZ 
translaLor· were introduced and computer 
pea k fitting rouLin es enabled daLa Lo be 
processed in minutes. Th ese faciliLies were 
then combined into a ·satrorcl-lmperial Engi­
neering Package· Lhat was made ava ilable 
to all users. In Lh e mid- I 980s Lrain scan­
ning was also sLarLed on D20. The angular 
reso lu Lion was lower. but was sufficienL for 
many appli ca ti ons and iL was 10 tim es fa s­
Lerthan for DI A. By 1991 DI A was proba­
bly the world 's l1ighesL reso luLion sLrain 
sca nner: one of the few capable of measu­
ring through surfaces. and D20 was the 
world' fasLest. used for mu lLi-poinL in ter­
nal medium reso luLion area sca nning. IL 
was perhap ironic Lhat in 1991 the ILL 
reactor had to be shut down ror four years 
- because or fatigue cracks thaL hacl propa­
ga ted as a resulL of tensi le res idual stress 
fields cau eel by welding - aL a time when 
it was being used to mea ure welding-rela­
Led tresses. 

The 1990s - the decade of international 
development and collaboration 
In March 199 1 most of Lile then small . sca t­
tered. neutron sLres measurement com­
mun ity convened in Oxford for a week long 
Adva nced Research Workshop sponsored 
by ATO 14]. The workshop stimu laLed co l­
laboration. accelera ted developmenL. and 

an active inLernational communiLy was for­
med. In 1995 VAMAS. the Versail les ProjecL 
on Advanced MaLerials and SLandards appro­
ved the formation of a new Technical Wor­
king Area 20. (TWA20). 'Measurement of 
Res idual SLress [5]. I Ls remiL was to esLab­
lish the sc ientific base for. and to del iver. the 
firsL international drafL sLandard for Lhe 
non-des tructive measuremenL of residual 
stress by neutron diffraction. It held its 
inaugural mee ting at the ILL in January 
1996. As well as representatives of the ILL. 
parLi cipants included most major world­
wide neutron sources and leading re­
searchers. Subsequent meeLings were held 
at approximately 8-monthly interval s aL the 
other participating neutron facilities. Euro­
pean members obtained EU fund ing for the 
parallel RESTAND project. which involved 
close collaboraLion with indusLrial partners. 
An accepted standard is a prerequisite for 
wider industrial and engineering adoption of 
any new technique. 

The new millennium - establishment 
and exploitation 
An ISO/VAMAS TIA 'Polycrystall ine materials 
- Determination of residual stress by neu­
tron diffraction· was delivered in 2001 as a 
precursor to a full interna tional standa rd. 
In 200 I the join t VAMAS/RESTA D draft 
standard was delivered and adopted by ISO 
as a pre-standard ·Technology Trends Asses-
men t·. TTA [6]. It is now in the process of 

being converted into the format of a ful l 
intern ational and Europea n standard. The 
ex istence of Lh e TTA makes it poss ible for 
engineers now to adopt neutron strain scan­
ning as an approved re liable technique. 
However. for Lh e technique to become rou­
tin ely used. neutron facili ties must have 
instruments and must ado pL prac tices Lh at 
mee t Lhe ISO/VAMAS TTA pre-standard and 
that are also cos t-effective and u er-friendly 
LO engineers. 

-,, 
! RONS FaME38 
FOR SCIENCE 

F'aME38 is the new F'ac ili ty for Material s 
Engineering Lhat has been se t up jointly by 
ILL-ESRF' to provide extra resources ancl 
support for European Engineers to enable 
Lhem LO make the be t use of neutron and 
synchrotron X-ray beam facilitie . The 40-
month start-up phase of the project is fun­
ded by a UK EPSRC grant that is adminis­
tered through th e University of Sa lford on 
behalf of seven collaborating institutions. 
the universiLies of Manches ter. Oxford and 
Loughborough. the Open University. Impe­
rial Co llege and the Rutherford Appleton 
Laboratory. Matching on-site suppor t is 
provided by ILL-ESRF'. The F'aME38 team 
began work on-site in April 2002 and thea 
F'aME38 laboratory was opened for users 
in November. 

The PaME38 team: Left to right: 1-lusin 
Sitepu. Benoit Malard. Da rren Hughes. 
Anne Dale and Peter Web ter. 



The bas ic phi lo ophy of FaME38 is that ILL 
and ES RF are ve ry we ll equipped Lo sup­
port the broad ra nge of science for which 
they were founded bu t have not been simi­
larly resourced Lo prov ide the extra and 
spec iali eel support that is required by 
engineers Lo perform engineering research. 
Until now mos t ·engineering· resea rch at 
th e fac iliti es has been done by applied 
sc ientists. rather than by engineers. Typi­
ca lly th ey have found that the equipment 
and so ftware ava ilable was not optimised 
for engineering measurements. parti cu­
larly for user with limited sc ientific back­
ground . For exa mple. a substantial pro­
porti on of alloca ted bea m-Lime has been 
wasted spent pos itioning complex-shaped 
component on the bea m-line in prepara­
tion for strain scanning measurements. It 
is intended that th is wi ll now be done ofl'­
line. prior Lo an ex perim ent. and to much 
higheI' levels or prec ision. 

.,o .5 

Image of an Italian 1 Euro coin generalec1 
from a 120.000 point scan using the 
FaME38 co-ordinate measuring machine 
( I mm diameter touch probe. accu racy 
± 2 microns. speed 1.500 poin ts/min) . 

The F'aME38 'Technica l Centre· will pro­
vide engineering users with a 'Technica l 
Centre· with a metrology laboratory equip­
ped with a co-ordinate measuring machine 
to de termine complex and distorted compo­
nent hapes. toge ther with a simulator to 
optimise cans off-line before ta rting mea­
surements on the bea m-line. Its materials 
laboratory will have micro-structu ra l cha­
racteri ation and static and dynamic Lhermo­
mechanica l loading equipment. Its 'Know­
ledge and Training Centre· will provide tech­
nica l and sc ientific know-how. Users will 
be helped to draft proposa ls. to plan and pre-

The Opening Ceremony: Michael Harloe, Vice-Chancellor of Sa lford niversily cuts the 
chain open ing the F'aME38 laboratory- and Lhe way to the champagne reception . 

pare experiments off-line. and be assisted 
with data collection, on-line processing and 
analysis. FaME38 will provide a focus and 
user facili ty for European engineers wishing 
Lo make use of Central Fac ili ties . Its focus 
will be on developing stra in scann ing fa ci­
li ti es at ILL-ESRF' but is li kely also LO sti­
mulate and will support the engineering use 
or SANS. SAXS. radiography and tomogra­
phy 

FaME38 Opening Ceremony 
and Forum 
The official opening ce remony for F'aME38. 
took place on 26 November 2002. It was 
auended by members of the ILL Scientific 
Council. representatives of the ESRF' and 
engineers and scientists from member coun­
tries from across Europe. The gues ts were 
welcomed in speeches given on behalf of the 
ILL by Director Co lin Ca rlile and for the 
ESRF' by Director General Bill Stirling. Mme 
Genevieve Fiora so. Maire-Adjoin Le de Gre­
noble. represented the City and the Depar­
LemenL de J"l sere. from which F'aME38 takes 
the ·33· part of its name. The basic philoso­
phy and resources of F'a~IE38 were descri ­
bed by the pro jec t manager Peter Webster 

who predicted that effi ciency ga in s would 
lead to beam-time cos t. reclucti ons of the 
order of 100 and that strain sca nners for 
engineers would become as common as borly 
scanners in medicine. The Vice-Chancellor 
or Sa lforcl Uni versity. M ichac l I larloc . gave 
his address on behalf of the UK-based co l­
laborators and spoke of the close connec ti­
ons Lhat they had with the ILL and l~S RF. He 
rel'errecl to some ramou s Sa lfo1·d-1Jorn incli­
viduals including. appropriately for th e occa­
sion. James Presco LL Joule. wl1ose name is 
now used for the SI uniL of F:nergy. and the 
indu strial landsca pe painter L. S. Lowry. 
some or whose prints ca n lle seen on th r 
wa lls or F'aMF:38. He then ·opened· the labo­
ratory by cutting a chain using a large pair 
of indu strial shears. The opening was follo­
wed by a clemonSLra tion of equipmenL and 
a display of posters from materia ls enginee­
ring users or ILL-ESRF. In the evening a 
dinner was held at Lhe Chateau de la Com­
mande1'ie. The following cl ay a F'a ME:38 
Technica l F'orum was held for engineers 
and sc ientists invo lved with the project. 
The facility is now open Lo users. in pa ni­
cular to all academic and indu trial engi­
neers with interests in stres measurement. 
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Teams teaming up 

The pro jects and techn iqu es division 

(OPT) organi sed an open day on Mon­

day, 16 December for ILL staff. Visits 

to the different services were guided by 

the DPT staff itself. 

David JuJlien guides a tour in the Optics Lab. 

In all weathers Lhe ILL guardian keep an eye on all comings and goings 
on to site. From the left: Jean Paul Basset. Lionel Richard, Bernard 
Gremillet and Anthony Chudeau. 

Giuliana Manzin revea ling the magic or tile 
Microstrip detector. 

Barbara Standke on a guided tour in tile vacuum Lab by Claude 
Yoccoz (left) and Jean Gangi (right). 



TECHNIC/J\L 
DEVELOPMENTS. 

The arrival of the New Year brought the ILL's Millennium 

Programme to its third birthday. Progress on this major 

initiative for the renewal of ILL's instruments and infra­

structure continues to be rapid, with numerous instruments 

already boasting considerable improvement. We have also 

been bringing to a successful conclusion the ILL's previous programme 

for the upgrade of six instruments and a ballistic guide (five instru ­

ments on ILL's own budget and one with funding from Spain) . 

We can now concentrate therefore on the Millennium Programme 

which currently has ten instrument projects underway. V IVALDI, the sin­

gle-crystal image-plate-detector diffractometer, was the first to be corn -

e• •,-- pleted and we are optimistic that two or three more instrument pro­

jects will be finished in 2003, thus ensuring that there will be no let­

( -'~ up in instrument upgrade and the development 

{_::) ,..,... 
n 
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of components. 

Energy at the moment is being devoted to the 

modernisation of the infrastructure, and to the 

replacement of the H22 and H1/H2 guides in par­

ticular, projects which will extend over several 

Th~~ dU11olCN\e,¥\t~ 
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•:-.... ,• years. At the same time we have opened to users the Facility for 

Mechanical Engineering (FaME38, see page 92), a partnership with 
en en e 
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the ESRF receiving significant external funding from the UK's EPSRC, 

and have secured the purchase and delivery of a 15T-cryomagnet, an 

important breakthrough for our sample environment facilities. Finally, 

over 50% of the ancient vacuum pumps have been replaced by modern 

dry pumps and turbo molecular pumps. 

In December a series of talks and guided tours was organised as part 

of the "DPT Day" in order to explain the activities of the Division. There 

was a very positive response to this event. 

These achievements have stretched our human resources to a maxi­

mum, but we are satisfied with the progress. There remain areas 

where firmer project guidance may be necessary. A more detailed view 

of the progress so far is given below. 

Werner Press 
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W. Press (ILL) 

T 1ie new chopper sys tem for the 

r ;N5 Lime-of-flight instrument 

finally arrived aL Lhe ILL in the autumn 

- jusL in Lime LO have iL in sta lled on Lhe 

insLrum enL and tested wiLh neutrons . 

Thr inLensiLy ga ins promise well for 

llw future (fi gure 1 ) . 

Tl1c IN8 Lriple-axis spectrometer came 

on line during L11 e lasL reac tor cyc le and 

is providing much-improved neutron 

intensity and excellent results. With some 

acldiLional shielding Lhe initial radiologi­

ca l problems have been dea lL wiL11. 

The D3 diffractometer is es tabli shing 

it self as the home of polarization deve­

lopment. Amongst other improvements 

on D3 in 2002, progress on th e new 

vers ion of Cryo pad deserves mention. 

Unfortunately. the diffractometer wi ll 

noL be operational in 2003, given Lhe 

work to be ca rried out on the exchange 

of L11 e l10L source beam tubes. 

Work on IN20, Lhe polarization analy­

sis triple-axis spectrometer. has con­

tinued. with the insta llation of the secon­

dary spec trom eter. Detector intensity 

has further increased by about a Factor 

of 5. At the same time backgrouncl con­

clitions have been improved . 

On the small-angle scattering instru­

ment D22. the fast-read-out electroni cs 

or the new two-dimensional detector 

I - \Vitll thanks to EIROfor·um. 

rhe ILL Millennium 
Programme: couldn't be 
without itf 1 

Figure I: lnstallaLion of one of the IN5 double choppers: wilh very small gaps between chop­
per disks and guides - this is precision work. 

have improved. with the high count rate 

of at least 2 MHz now achievable. We will 

have to be patient, however, as the relia­

bility of the 1 m-long linear position-sen­

sitive detectors is still in need of additio­

nal testing. We nevertheless expect the 

camera (consisting of 128 of these linear 

detectors) to be ready- as planned - this 

yea r. ll'other instruments (D11. D2, IN5. 

etc.) are to benefit from th is development, 

appropriate budgets will have LO be found. 

A completely new instmment for strain 

analysis (Univ. Mancheste1i!LL) is on its 

way, complete with a name-change from 

Strain lmager to SALSA (Strain Analy­

ser for Large- and Small-sca le enginee­

ring Applications) . In 2002 both the con­

struction of the primary in strument -

casemate and guides- and the design of 

the hexapod-ba sed sa mple area pro­

gressed considerably (see article p. 98). 

The latter is a rather challenging project 

aiming to position and orient samples of 

up to several hundred ki lograms with a 

high degree of accuracy (range of 10 µm ). 

Design work is being perform ed by the 

Swiss company OHE with the assistance 

of a robotics institute. 

The new facility for mechanical engi­

neering (FaME38) - planned as an 

in terface between engineers and scatte­

ring techniques- is closely linked to the 

SALSA projec t. F'aME38 was started in 

spring 2002 in collaboration with the 

University of Salford, to work with both 

neutron (ILL) and synchrotron radiation 

(ESRF'). Standard laboratory devices and 

advanced software are being made avai­

lable to users, aiming at a more efficient 

use of instrum ents and improving engi­

neers· access to neutron and X-ray sca t­

tering technology (see also p. 92). 

Another example of a pro ject with a 

strong EPSRC-based budget is the large­

unit-cell powder diffractometer D19. 

built jointly by the University of Durham 

and the ILL. In 2002, the detector arran-



gemenL was decided. and work sLarLed 

on 3 large 2D-deLccLors (bidim26. 

already successfully used on D16) and 

a n w large solid-angle banana-Lype 

deLecLor. The firsL bidim26 is expected 

in pring 2003, LogeLher wiLh one seg­

ment(= 1/8) of Lile new banana. 

As regards D2. the high-resolution 

powder cliffracLometer. Lile deLector 

housing and collimator havr been deli-

ered. WiLh Lile mounLing of new po i­

t ion-sen ilive detectors a new econdary 

insLrument ha been assembled. The 

insLrumenL rcsponsiblcs arc now impa­

Liently wailing for ncuLrons. There is 

adclilional good news conce rning exter­

nal l'uncling and collaboraLion wiLh the 

niversiLirs of Oxford and Cambriclge. 

After succr· s ·ful new cxpcrim enLs wiLh 

shor'L-li\ ed isotope . performecl de ·pite 

difficulti es with Lile sample LransporL 

troll ey. it i now plann ecl Lh aL Lh r 

insLrumenL used for Lil e detection or 

exotic neutron-rich nuclei (a moclifi­

caLion of t11c Lohengrin l'i ss ion frag­

ment pec LromcLcr) will ca rry a com ­

lJinaLion or plain Gc-detrctors purcha­

·ed by lhC' ILL and cl eLccLOrs 0 11 loan 

from external insLitulion s. 

A great deal or effort has been devoLccl 

LO Lile replacrment or the neutron gui­

des: Liley have already gained in relia­

lJiliL and inLensity. Th e out: ourced 

manufacLUr, of the 11 22 Lhermal guides 

is proceeding according LO schedule. 

The specificaLions for the 111 / 11 2 guide 

arr well-advanced and work on its 

repl acement. including the exchange 

of the H 1/ H2 bea m Lube. i g Lting 

underway. An as" essmcnt is also being 
made on the possibiliLy or replacing Lile 

aluminium in replacement of a elecLion 

of Lile beam Lubes with zirca loy. which 

offrrs much longer lifetim es. 

l•'o llowi ng Lh c in sLallaLi on of a nc,, 

v locity elec tor. Lhe D11 small-angle 

scattering instrument is to benefit 

from improved collimator sections (also 

' ec arLiclc p. 102) . This , ork will be 

complete b about May of Lhi s yea r. We 

are aiming Lo provide D 11 wiLh a new 

fas t mall-angle detector in the fuLUre. 

like th e on e on D22. 

It had been planned. for 2002. Lhal an 

order would be launched for a 14.9 

T-cryomagnel. In fact. in a happy com­

bination of circum tance . an Oxford 

lnStl'UITlenLs cryomagnct could lw cl cli­

ve rccl sl10rtly arter Lile order. ancl wa 

Le tecl soon after at Lhe 11,L. 'lb host Lil i. 

long-awaited ex ten sion Lo th e ILl:s 

ample cn\'ironmcnL. modifica tions to 

th e tripl e-axis in struments arc now 

heing macle. in ord er to avo id an y 

damage to th e coil s of the magnC' t from 

th e force · generated. It i hoped th at 

the first successful experiment · ca n 11c 

sta rtr d on I I ..J when Lile reac tor start s 

up in 200:3 (l'igurc 2). 

The notions "quality" and "unified pro­

cess" arc now frequently hea rd at th e 

ILL. rcl'l ec ling the launch or inten e 

Figure 2: Force measurements on IN I .J 
wilh the rryomagncl cooler! rlown . 

work on a new approach Lo instrum C' nl 

control. The instrument computers are 

al o being replaced indcpendenlly of 

lhis. 

Finall y, the ll C\\ "TYREX" compre SO I' 

for polari zed :•1 le has rcac l1 'Cl comple­

tion ancl is prrforming brilliantly: the 

procluclion rate has incrcasccl by a 

factor of almo ·t 10 in comparison Lo til t' 

fir l cornpre ·so r (l'igure 3). 

Figure 3: TYREX. which is not really a dinosaur. can now supply polarized 'lfe much more 
rapidly (in lhc photo. lJavid Jullien) . 
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S. Rowe (ILL) 

Parallel mechanisms have seve­

ral advantages. Depending on the 

exact configuration th e load can often 

be purely axial. and is always distr ibu­

ted through the legs . Tl1e structures 

have a high degree of inherent rigi­

clity, ancl as any errors generated in L11 e 

leg are ave raged. these mechani ms 

tend Lo be more accurate. Further­

more. Lim speed of di spl acement i 

often greater as th e motors ar·e gene­

ra lly positioned on th e fi xed ba e. 

r'igure 1: StewarL platform with a repeata­
bility in X. Y and Z better than 5µm. and a 
load capacity of 20 kN. 
(Courtesy of European /1/olecular Biolog_v 
Laboratories. Hamburg) 

On the other hand . ca lculation or th e 

ava il able workspace ca n be dil'l'i culL 

and generally results in quite a complex 

shaped vo lume (l'igure 2). Within thi s 

work pace forbidden areas can exist, 

known a ingulariLies . Th ese are par-

parallel robot 
for the Strain lmager (SALSA) 

Traditionally, standard translation and rotation tables or goniometers have 

been used for sample positioning in various configurations, in order to 

generate the required degrees of freedom for the end-actuator. This serial 

system suffers from two primary problems. Each unit is required to support 

not only the load of the sample, but also the load of all the units above it. 

Both absolute accuracy and repeatability errors generated by each unit, are 
passed on in succession. Generally, these limitations do not present a pro­

blem for standard powder diffraction experiments, but may be crucial for 
residual stress analysis, where the highest positioning precision of big 

samples is required. However, other architectures do exist and the most inte­

resting looks to be the parallel closed-loop mechanism, more commonly 

known as a parallel robot (figure 1 is an example) . 

Licular positions wh ere th e end ac tua­

tor wi ll either lose its rigidity entirely 

and hence fall over. or L11 e force in the 

legs will increa c Lo infinity and result 

in breaking part of the robot or locking 

up. F'inally. due to the complex mathe­

matical relation ship between the leg 

length and the position of the end effect. 

control has been a problem in the pas t. 

Modern computer sys tems l1ave elimi­

nated thi s disadvantage. 

Hi storica ll y. th e de ign and manu­

facture of parallel robots have remai­

ned within the domain of academia or 

high-Lech companies. who have had a 

need fo r a so lution Lo unique problems, 

such as aircraft •imulation. However. 

as a resu lt of lower co L ancl high­

speed computing ava ilability (easing 

the control of such mechan isms). indus­

try has started Lo make in-roads into 

areas traditional ly re Lricted Lo stan­

dard mechanism configurntion . such 

as high- preci ion placement required 

for silicon chip manufacture. Tl1is hig­

her vo lume market means that a num­

ber of sys tem s arc now commercially 

ava ilab le. 

IL is L11 e variable actuator length Stewart 

platforms (a lso known as Hcxa pocls or 

Gough platform after the original des ig­

ner) that have l1acl th e highes t degree 

of exposure. They now represent the Lop 

end of the market both in degrees of 

freedom (offer ing 6) and in term s of 

cos t. They are marketed by such com­

pani es as Phys ik lnstrumente [I] offe­

ring the M-850, Micos [2] building the 

PAROS (figure 3) and others, who offer 

1-'igure 2: Stewart platform showing two 
poss ible work vo lumes. within the complex 
and total volum e ava ilable. 
(Courtesy or William I-full . Mane/Jest.er //11i­
vcrs ily- /LI,) 



Figure :3: Stc11arl platform showing tilt of 
the top plate . 

machines capable of pos ilioning load 

in cxcrss of 50 kg to a reso lution bet­

ter th an 2pm and 5pracl. 

TIH' majority of requi remr nts will oftr n 

not need the full six degrees of freedom 

offered by th e above machin e . and 

unfortunately i t is this market that is 

currently uncler-developecl . The large 

number of poss ible co mbinations of 

degrees of freedom has mea nt. th at 

unle s a specific appli ca tion exists. 

1•1gurc 4: CAD 3D image of the proposed Ste­
wart platform being developed for the ILL. 
(Courtesy of OIIE') 

li ttle has ac tu all y been constructed 

beyond theoretical models, although a 

number of in te resting smaller units 

are ava ilable from uch compa nies as 

ew Focus [3J. 

What is the ILL's position rega rding 

pa rallel robots? The ILL is con true ting 

a neutron Strain lmager as part of the 

Millennium Programme and in co llabo­

ration with the University of Manches­

ter (partly funded by an F:PSRC grant). 

Its sample positioning sys tem will con­

si t of a full six degree of freedom 

Stewart platform . capable of positioning 

loads up to 500 kg to better than 50pm . 

Th e initial configuration was designed 

jointly hy thr ILL and I RIA Sophia­

Anli poli s. Thi s is now in th e process of 

being turn ccl into a detailed 3D moclcl 

by OHE [4] (see figure 4) . The bas ic 

fea ture. will be six hyclraulica lly driven 

ac tuators. each with a stroke of 470 

mm an(I a working pressurr or up to 

160 bar. A linea r tran sduce r with a 

re olulion of 0. 1 pm will be positioned 

within each cylinder and u r d to deter­

mine the leg length . Control will be via 

a contro ller-boa rd with a 500 MHz 

CPU with a cyc le-time of 4 kl lz. Th e ·e 

ac tuators will be fixed Lo the top and 

bottom plate u ing universal joints. 

The speed of operation and workspace 

will be res tricted. with two or three 

poss ible configurations with in th e total 

volume ava ilable. These will hopefully 

br singularity free. although unlil th e 

nna l configu ration is rea li sed it is not 

possible to ca lculate whether thi s will 

be t11 e case. If not. thrn po i Lion res­

tr ictions will be in co rporated in to tl1 P 

clri ve r oft.ware. 

Whal is th e future? There is no danger 

of th e cli sa ppea rance of traditional 

serial robots - th eir simplicity of con-

Figure 5: Stewart platform . 
( Courtesy of Micos) 

trol and use will always afeguard their 

place in the market. But certainly the 

Strain lmagcr Stewa rt platform rcprr.­

scnts a leading edge technology with 

rega rd to load ca pacity and positioning 

precision. In general. the adva ntages 

provided by para llel type architec turr,s 

will ensure an increase in th r, ir use. 

REFERENCES 
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A. Escoffier, B. Hamelin, R. Hehn, 

E. Hetzler, C. Menthonnex 
and B. Mestrallet (ILU 

T he growth of high qualiLy copper 

r ~rysta ls is well es tab lished aL Lhe 

ILL and larg<' crysta ls (cliameLer 75 mm 

and length 300 mm) with a uniform 

intrinsic mosaicily disLribuLion in Lhe 

range of I to 5 minulC's can be easily 

proclucecl (figure I ). Thanks Lo thi s. very 

effi cicnl cloulll y focus •ing neuLron cop­

per mon ochrnm a1o rs ca n be co n­

strucLed at Lh<' ILL . Roughly speaking. 

the vertical focuss ing lea ds to a sub­

sLanLial incrcast' in th e neutron flu x. 

whereas Llw l101·izontal focuss ing 

direc tly al'f('CtS Ill< ' 1·eso lulion of th e 

instrum en ts. 

He icles the grm, 1 h of large single crys­

tals. Llw main difficull y involved in the 

production or a copp<'t' monochromator 

for n<'ULl'nns is IIH' us<' of crysta ls with 

A new copper 
monochromator for D20 

Starting from copper crystals of high quality grown at the ILL, a new Cu(200) dou­

bly focussing monochromator in transmission geometry has been built for the 

diffractometer D20. Installed in June 2002, it provides a gain in intensity of more 

than 50 %atthe sample position as compared to the old set-up. We present here 

the procedure used in the production of this new copper monochromator. 

a well control led and often anisotropic 

mosa icily. In order LO obtain reasona­

ble reflectecl intensities. t11 e crys tal 

mosa icity in the diffracting plane (hori­

zontal mosaicity) has to match the inco­

ming bea m divergence (which is gene­

ra lly rather large as compa red LO the 

mosaic spread of the as-grown crysta l). 

Moreover. the mosa icity in one direction 

perpendicu lar to the cli ffracling plane 

(vertica l mosa icity) shou ld be as sma ll 

as poss ible in order to permit effi cient 

vertical focuss ing of the l)eam onto the 

sa mple. 

The ··onion peer· methocl deve loped at 

t11 e II .I_, - consisting or stacking thi n 

wafers of eoppr,r crysta ls - is a well 

Figure I : !lard X­
ray diffracllon ima­
ge ancl peak prolile 
obla ined from a 
ropper single crys­
la l or high quali ly 
grown ill ILL. 

adapted techn ique for producing copper 

crysta ls with an isotropic mosaicity [1 ]. 

Unfortunately. in the case of D20, thi s 

6ooo 
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mosaic parallel to the diffracting plane 
mosaic perpendicular to the diffracting plane. 

-0.5 0 0.5 
rocking angle (degrees) 

Figure 3: Typica l neulron rocking curves 
for a Cu(200) single crys tal plale used for 
Lh e new D20 monochromator (Measure­
ments performed on T1 3A al I A using a 
perfec l Ge(l 13) monochromalor) . 

Figure 2: 'I'll<· ne,, 
1)20 rnpper mon o­
chromalor. 

Figure 4: I lard X-ray dil'fraclion images and pea k profiles obla i­
ned from Cu(200) copper single crysta ls showing the evolulion of 
Lhr horizonla l mosa ic dislribu tion. Figure 4a: the as-grown crys­
la l: llgur<' 4b: the cryslal alter culling: llgure 4c: lhe crysta l afler 
plaslir deformalion. 



mel11od could not be applied because it 

was not possil>le LO cu l th e long copper 

wafers (length 75 mm and thickness 

about 1.5 mm ) by elec tro-eros ion wit­

hout inducing dramatic changes in L11 c 

mosa ic structure or the crys tal. Thi s 

was one or the main reasons why we 

used plastic deformation at high tem­

perature instead in order LO obtain sin­

gle crys tal plates with the required 

sea ttering properti es. 

Th e new 020 copper monochromator 

was bui lt to improve Lh e neutron flu x 

onto th e sa mple at a wave length or 

1.36 A 12]. It is a doubly fi xccl rocu ·ing 

Cu(200) monochromator in transm is­

sion geometry (see figure 2). IL con­

sists or a co lumn of 13 curved copper 

crysta l plates (75* 22*6.5 mm:') charac­

terised by a horizo ntal neutron mo.-a ic 

spread (fwhm11 ) of 0. 35° and an ani o­

tropy fac tor ratio fwhm 11 / fwl1m, = 2 

(fi gure 3). The crys tal thickn ess and 

L11e horiwnta l mosa ic swcad l1ave been 

optimised l'o r a wavelength or 1.3G A. 
The starting mat ·rial wa s a large cop­

per single crysta l with an intrin sic 

mosa iciLy or 5 minutes which was cut by 

spark elec tro-erosion into the above­

mentioned plates (l'igurc 4a). The 

clirrc tion of cuLLing was parallel to the 

Cu(220) crysta l planes in ord('r to obtain 

plates wilt1 the Cu(200) crystal planes 

perpendicular to their surfaces as requ i­

red for D20. Deta iled studies using harcl 

X-ray diffrac tion have shown that the 

qua li ly or the Cu(200) planes i affeetecl 

IJy Lile electro-erosion process. As shown 

in figure 4b. after cuWng, we ob ervcd 

that llw horizontal mosaicity has a dou­

lJle peak sLru ctu re and its clistribu Lion 

is quite inhomogeneous. This effect is not 

we ll understood al present. but it is 

certainly due to complex Lhermo-mecha­

nical cl r formation, induced along the 

(200) planes during the spark clec tro­

nosion cutting. Moreover. the change 

in the microstructure probably depends 

on the amount or cli slocations present in 

the as-grown crystal. This important 

feaLure has been taken as an advan­

tage in order to con trucL the 020 cop­

per monocl1romator. Indeed. the verti­

ca l mosa icity being unchanged. it 

directly gave ri e to an ani otropy in the 

mosa ic distribution' 

The rea l difficulty was therefore to 

improve the neu tron scattering proper­

ties of the crysta l plates with regard Lo 

Lhe ir homogeneity and mosa ic spread 

after the cutting process. Th is difficu lty 

was overcome by plastic deformation at 

high temperature. even though previous 

stud ies have shown that it is difficult to 

produce a controllecl and reproducible 

mosaic pread in th is way. [3]. However. 

by app lying a we ll adapted pressure 

perpendicular Lo the surface of th e cop­

per crysta l plates at high temperature. 

we l10Lh success full y increased the 

mosa ic spreacl up Lo the desired va lue 

for D20 ancl wiclely improved its unifor­

mity (sec figure 3 and figure 4c) . In 

add ition. through ca reful positioning in 

Lhe l1ot-pressed furnace. it was poss i­

ble LO produce a mosa ic distr ibution 

whicl1 is l'airly homogeneous throug­

hout the length of the crystal (figure 5a) . 

Thirteen single crystal plates were pre­

pared in a reproducible way using the 

plastic deformation technique developed 

at t11 ILL for the 020 pro ject. 

To bring about the horizontal focussing, 

with Lile aim of improving the peak sha­

pes on D20. we decided Lo curve th e 

copper crysta l plates with a radius of 

curva ture R = 7m corre ponding to an 

optimum for the diffractometer at 

1.36 A. The curvature was reached wit­

hout affecting the qua lily of the crysta ls 
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F' igurc 5: Neutron mosa ic rli slrihu lion of 
a typ ica l crysta l (figurr :ia) and the re la­
live peak positions (figure 5b) as a f'uncti tJll 
or the hori zontal posi ti on tJn till' <'l'~s lal 
(Y = 0 denoting the cen t rc of tilt· cr~sla l 
plate). 

by using very smooth pl as l ic ddor·m,1-

tion s app lied with 2111 anvi l l1a,•i11 g a 

pecial shape (l'igur'c' :i ll ) 

Arterwarcls. we gluf' cl <'ac l1 Cl'ysta l plal<' 

on a special Cu support. wllicl1. apart 

from the central one. had lwl'n machin<'cl 

by electro-erosion to an angl<' correspon­

ding LO the vertical focussing. i. ('. 0.7°. 

1.4°, 2.1 °. 2.8°, 3.fi0 • -t::!0 f'('S!)<'C livr ly 

(figure 2). F'ina lly. tlw crysta l plates wcr'c 

oriented in both direc tions by neutron liif­

fraction , with an accuracy of 0.02°. 

The new monochromator was installc•cl 

on 020 in June 2002. pro\'icling a gain 

factor of more than 50 % al Lill' sam ple 

position a comparcd to lhC' old sc l-up. 

REFERENCES 
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enewal 
of the D11 collimation 
after 30 years 

P. Lindner (ILU 

1 n a first step of the D 11 renewa l 

project. the sr lector area and l11e 

gu ide sec tions between 20.5 m and 

40.5 m away from the samplr position 

have been completely rcfurbi sl1ed during 

the win ter shuldown 200 I/ 2002. The 

Dornier ve loc ity selector has been dis­

placed close lo the entrance of the co l­

limation sec tion at40.5 m. By replacing 

l11e Lwo separated guides in front of the 

se leeLor by a single i-guide, llie air 

gaps and t11 e number of windows in this 

area have been rerlu cecl, resulting in a 

30% ga in or neutron flux al the co llima­

lion entrance. arter Lile se lector. 

'1'11 e 30 yea r old neutron guides have 

been exchanged during thi s firsL inter-

15 

.g 
,< 
.c ;;, 
C 
..!! 

i 10 

1 
5! 
"' .. 
E 

5 

5 

vention against. new glass guides (1 m 

length each) and a new computer co n­

Lrollecl tran slation mechanism between 

Lh r se lec tor and Lile 20.5 m position. 

Two adclilional co llimation distances 

at 28 m and 34 m have been introdu­

ced. allowing for optimised flux condi­

tions for low O experiments al detec tor 

di stances between 20 m and the maxi­

mum distance of 36.7 m. 

IL is now possible LO perform SANS expe­

riments al a distance slightly smaller (36 

m) than Lhc maximum clistance. but with 

a collimation set.Ling or 34 m (instead of 

40.5 m so far): moving tl1e apparent. 

sourer l)y 65 m closer Lo the sa mple 

yie lds a 45% flux increase (whicl1 for 

some c pcrimcnLs compensa tes Llic loss 

or 2 data points due LO a lighlly larger 

masking of the central beam stop region). 

10 15 20 

nominal wavelength ).. [A] 

Figure I : TOF wavelength calibration at DI I . Drawn line: standard conditions (collima­
tion 10.5 m) . Red circles: standard aperture (20.5 m) 35 x 55 mm and co llimation dis­
tance 40.5 111 . Blue circles: <1symmetric aprrturc (20.5 m) :l5 x 78 111111 and collimation dis­
tance 40.5. 

The project continues during Lile win­

ter shu L-down 2002/2003 wiLh Lhc 

renewal of Lile neutron guides and Lheir 

LranslaL ion mechani sm between Lile 

20.5 m and Lile sam ple position and the 

introduction or a new co llimation cli s­

tance at 1.5 m. 

Another aspect or l11e ongoing D 11 rr nc­

wa l is Lile installation or diaphragm 

changers wil11 va ri ab le aperLurcs or 

rec tangular ancl circular shapes al cli s­

tances or 20. 5 m. 10.5 m. 5.5 m and al 

I.he new 1.5 m co llimation rli sta ncc (lo 

be inst.a iled during Lile winter shul(lown 

2002/ 2003). The recta ngular stanclarcl 

apertures used up to dale wil11 their 

siw or 55 35 mm arc lightly larger 

than ll1c neuLron guicles (50 x 30 mm). 

i"or long wavel cngLh neutrons and al 

large cleLccLor ancl collimation cli stanccs 

a signil'ica nL parL or the beam is cul off 

in l11e collimation housing clue llie cli ~­

LincL parabolic neutron flight path. 

In : ummcr/auLum n 2002. the proto­

type of a new asymmetric cliaphragm 

with an ex tended venica l opening 

(35 x 78 mm) l1a s been Leslee! al the 

20.5 m co llimation position or D 11. 

!•'or the maximum deLcctor di ·tancc 

36.7 m and a collimation or 40.5 m. we 

measured a flux increase by a facLor or 

== 3 for a wavelength 11. = 16.5 A and 

== I 0 for a wavelength 11. = 18 . 

Fur'Lhcrmorc. Lile parLial ma sking or 

the beam by Lile old standard clia­

phragrn changes Lil e ncuLron wave­

lcngLh for ultra-low O exper iments. 

This effect ha ' heen confirmed wiLh 



Lime-or-flight (TOF') ca libration measu­

re ments hy compar ing th e olcl stan­

clarcl cliaphragm with the new asymm e­

tr ic cli apllragm at th e 20.5 m position 

(fi gure 1 ). For th e new asymmetr ic 

cliap l1ragm (35 x 78 mm) at the 20.5 m 

position (full circles in figure 1 ). the 

measurecl wavelength is in much bet­

te r agreement with the stanclarcl TOF' 

ca libration (cl rawn line in Figure 1 ). 

Th e improver! conclitions for u!Lrn -low 

Q experiments at D1 l are illu stratecJ 

in tl1 e rollowing exa mple. 

Elec tro-rheologica l rluicl s [1 ] (usually 

macle of apolar oi ls in to whi ch col loiclal 

particles are cl ispersecl ) responcl Lo an 

applied electrica l l'ielcl by switching from 

a cli so rclerecl rluicl-like structure to an 

ordered structure witl1 a so li cl-li ke 

response. Th ey are mainly used as 

hyclra ulic ac tuators in micro-rl ev ices . 

More research on t11 cse rluirl s is perror­

mecl in orcler to use them as electro-opti­

ca l r!ev ices. e.g. sensors. ruptors. swiL­

ch(~S. narrow-ba ncl filters ancl wave gui­

rl es . When an electri ca l fi eld is applied. 

the particles (having a different elec t­

rica l po lariza bility tlian th e dispersion 

mccl iu m) arc polari zed ancl beco me 

small elec tri ca l dipoles. i\bove a certain 

l'ielcl t11 res l1 olcl . these dipoles attract 

E,ach other ancl assemble into chains 

that arc alignccl along the fi elcl direc tion. 

These chains extencl across the whole 

l'luicl and block its fl ow, thu s giving r ise 

Lo th e clec tro-rl1eo logica l effec t. 

In December 2002, a SANS experi­

ment was perrormed at D 11 by Perse llo 

et al. (Exper iment n° 9-10-6 51) in 

orcler Lo cletermine the structures of the 

chains in sucl1 an elec tro-rh eologica l 

fluicl . Th e experimenters wa nted to 

measure tile mean inter-particle cli s­

tance as a function of tl1e applied alter­

nating electri ca l fi eld . and in thi s way 

observe the competi tion between the 

Fi elcl-inclucecl attraction and the inter­

particle repulsion . However. these dis­

tances are at tile very encl of the usua l 

range of small-angle neutron sca ttering 

experiments. Only with the new asym­

metric diaphrngm at Lil e 20.5 m co lli ­

mation distance and the t'lux ga in obtai­

ned with this recent improvement in the 

D11 co llimation sys tem. it has become 

possible to use very long neutron wave­

length s (up Lo 18 A) ancl the max imum 

sa mple-to-cletector cli stan ce of 36.7 

m. hence giving access to low momen­

tum transfers clown to Q = 5 x 10-4 A-' . 
Uncler these conclitions. a remarkable 

ct irfracLion pattern has been foun cl 

(figure 2) : at high fi elcl s. a on e-dimen­

sional set or diffrac tion spots is obta i­

necl. locatccl in the direction or cl1ain 

alignment. Th e horizo ntal spacing or 

these di rfract ion spots yielcls t11 e ave­

rage inter-pa rticle di stan ce. which is 

founcl LO va ry with the elec tr ica l fi elcl. 

From the extension or t11 e spots in per­

penclicu lar clirec tion. we ca n deter­

mine th e cro ss-sec tion of th e (tl1in) 

chain s. and find out whether Liley are 

(b) 

◄00000► 
◄ ---------------------------------► 

◄ ---------- - --- -------------------► 

Figure 2: Electro-rheologica l fluid (sph e­
rica l silica parLicles of diameter 460 nm 
rlisperscrl in meLhylcyclohcxa nolc. volum e 
l'raction I 0%) in an alternaLing electrical 
11 clrl of 3. 75kV/cm. 
a) SANS at DI I: A. = 16.5 /1.. samplc-Lo­
rlcLccLor-rli sLancc: 36.7 m. as)~Timctric col­
limation rli aphragm at 20.5 m: 
b) Rea l space picture or Lh c chain 
alignment in Lile alternating electrica l 11clrl 
(snap shot) . 

single-s tranclecl or multi-strandrd . 

When the fie ld is switcl1ed off. til e sca t­

tering patte rn immecl iately reve rts Lo 

L11 c azimutlia ll y iso tropic pattern of 

isolatecl spheri ca l pa rticles. indica ting 

th at Lile effects are l'ully rcvc rsil'll c 

clown to tile particle sca le. 
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Many experim ents in parti cle 

phys ics with cold neutrons 

requi re both a high degree of neutron 

polarization and its precise measure­

ment. High neutron polariza tion is cru­

cial for measurements of elec tron and 

anti-neutr ino asymmetry in neutron 

beta decay. Improvements of th ese 

experiments are particularl y impor­

tant to test the uni tarity of the Cabibbo­

Koba yash i-Maskawa matrix and to 

search for right-handed currents. The 

next generation of these experiments 

requires the beam polari za tion to be 

known to better than 0.1 %. Oth er 

types of experiments require a neu­

tron beam with a ve ry homogeneou s 

and wavelength independent polari za ­

tion. with variation of less than 10·3 (the 

absolute va lue is less important here). 

Examples are spin-rotat ion experi­

ments that search for parity or time 

reversal violation in the passage of 

polarized neutrons through matter. 

Presently, super mirror (SM) polarizers 

[ 1] are the most powerful tool to pola­

rize a wh ite neutron beam. They exploit 

the strong spin dependence of the neu­

tron reflectivity on magneti sed SM. 

P, 

Towards a perfectly 
polarized neutron beam 

We propose a new method of double super-mirror polarizers in crossed geo­

metry for neutron beam polarization. With such a geometry, it is possible 

to reach a beam polarization of 99.60(5) % without any significant spatial 

and wavelength dependence between 3 and 10 A. 

Us ing this techniqu e. a po lar ized 

neutron beam with an intensity of 

3-109n/cm2s and an average polariza­

tion of 98% is available at the instru­

ment PF1 B at th e ILL. However. the 

variation of th e polarization in th e 

beam due to wavelength and position 

can be as high as 20% and 3%, 

respec tive ly (see figure 2). This strong 

variation lim its the application of SM 

polarizers in spin-rotation experiments 

sin ce a change of position or orienta­

tion of the sample changes the effective 

neutron polari za tion. 

In polari za tion ana lys is. only the con­

volu tion of polari zing and analys ing 

power can be determ ined. Th erefore, 

for an absolu te measurement of th e 

beam polariza tion - as required by neu­

tron beta decay experiments - the ana­

lys ing power has to be known inde­

pendently. Thi s is not poss ible with SM 

analysers but can be solved using opa­

que 3He spin filters [2]. Thi s technique 

provides 100% analys ing power and is 

not angle and spatial dependent. It can 

therefore be used to average ove r th e 

neutron beam (with several practica l 

problems like correction s for windows. 

R P, 

th e time dependence of 3He polari za ­

tion , etc.). However, it is limited to a 

narrow wavelength range by a very 

low and wavelength-dependent trans­

mi ss ion of less than 10·3_ Moreove r, 

for an inhomogeneou s beam, even the 

correc t average polarization may dif­

fer From the average seen from the 

experimental set-up. 

A perfectly polarized neutron beam 

should therefore be homogeneous on 

lhe level of the attempted experimen­

tal precision. Today, th is can be obtai­

ned neither with a single SM nor with 

a 3He polari zer. 

We propose to use double SM polarizers 

in crossed geometry (figure 1). This 

geometry is particularly import.ant since 

the angular acceptance of one device is 

independent of the angular acceptance 

of the other. Therefore, both devices 

are independent. Thi s allows us to pre­

dict th e properti es of th e combined 

polari ze rs (polari zation P12 and trans­

mi ss ion T12) from the properties of the 

single devices (P, and TJ 

P = p1 + p2 ""1 _ _!_ (1- P)(1-P) 
12 j + pi p 2 2 I 2 

and T12 = T1 T2. 

Figure 1: Scheme of double SM polarizer in crossed geometry. 

Using typical SM polarizer properties 

(P, "" 98%), we predict a very high 

polarization (P12 > 99.9%) for a wide 

wavelength range and an angular varia­

tion of less th en 10·3. Th e intensity 



should only drop to about 50% of the 

single device ( 7;"' 50% for the "good" 

spin component). 

For th e experim ental tes t at PF1B the 

following set-up was used: th e polari­

zed beam was created by double SM 

polari ze rs in crossed geometry, fo llo­

wed by a rad io frequency flipper 

(!=50 kHz) and a current sheet flipper. 

Th e beam was analysed by either a 

single SM analyser. double SM analy­

sers in crossed geometry, or a polari­

zed 31-l e spin fi lter. A Lim e-of-flight se t­

up al lowed us a wavelength-resolved 

analys is. All SMs were adjusted Lo 

maximum transmiss ion . To cove r the 

wavelength range between 3 and 10 A. 
different :1He cells and pressures were 

used. 

In figure 3b the performances of the 

two spin flippers are compared. The 

efficiency of the rad io frequency flipper 

was 99.93(1)%, averaged between 2 

and 15 A (on ly statisti ca l error given). 

Figure 2a (2b) compares Lh e wave­

length (a ngular) dependence or the 

product AP of polarization and ana ly­

sing power for the single and the cros­

sed analyser. Both dependences are 

suppressed strongly for the crossed 

analyser. Figure 3a compares the AP 

products for the crossed ana lyser and 

the 31-le sp in-fil ters. Th e va lues 

99.01 (5)% and 99.60(5)% differ signi­

fi cantly. We explain this by a depo lari­

zation in the SM analyser and attribute 

the difference between 99.60(5)% and 

100% to a depolariza tion in th e SM 

polarizer itself. A depolarization during 

the polarization transport can be exclu­

ded since we use the same configu ra­

tion and change on ly the ana lyser. 

Moreover. any depolarization due Lo a 

non-adiabatic transport in the magne­

ti c fi eld should be wavelength-depen­

dent. This was not observed within Lhe 

obta ined precision of 10·3 _ 
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Figure 2: Comparison of single analyser and double SM analyser in crossed geometry. a) 
wavelength dependence. b) angular dependence. 

To check the depo larization. we redu­

ced the magnetic fi eld in the SM hou­

sing from 35 mT Lo 20 mT in both. 

polarizer and analyser. Tl1 c AP pro­

duct dropped by 1 %. 

We conclude: 1) For absolute measu­

rements of correlations in neutron beta 

decay and for spin-rotation experi­

ments. double SM polarizers in cros­

sed geometry should be used Lo polarizt\ 

the beam . With this set-up. an ave­

rage polarization of more than 99.5%; 

without any significant spatial and 

wavelength dependence. can be obtai­

ned for a co ld-neutron bea m. The neu­

tron flux is on ly reducecl by about 50% 

compared to a single SM polarizer. 2) 

For such a perfect beam the polariza-

1.000 . 
0.995 ••••••••• .,.,,, ... 1. t + IT 

• f i • . 
0.990 • ·······••t,1r ,r 

Q. 
< 
0.985 

0.980 
• 'He Analyser <AP> • C99.6o +-0.05)% , 

s An lyser <AP> = .01+-o. 5)% 

Lion can be measured with a precision 

of better than 0.1 % using :1He spin fil­

ters. 3) A spin fl ip effi ciency of more 

th an 99.9% can be reached with a 

radio frequency spin flipper. 

We hope that th e absolute value or 

polari zation can be increased in the 

nea r future using higher SM housing 

magnetic fi elds. 
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TYREX, a new polarized 
3He filling station 
for Neutron Spin Filters 
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L.P Regnault (CEA-Grenoble) 

Polari zed 31-le gas has now l)een 

routin ely produced aL the ILL for 

Lh e lasL 5 yea rs. The ga is processed 

in a central facility using Metastable 

Exchange Optica l Pumping (MEO P). 

which is presently the most effective 

rouLe for high-spin polarization. Thi s 

meLhod on ly works in a discharge aL low 

gas pressure and a polarizaLion preser­

ving mechan ica l compressor is Lh ere­

fore needed to inflate cells to the appro­

priate pressure. NeuLron Sp in F'ilLer 

ce lls are then detached from the filling 

staLion and del ivered at remoLe beam 

line (RMEOP) where they ca n ope­

rate in appropriate magneLic containers 

The ILL production capacity of polarized 3He has been increased by an order 

of magnitude with the advent of the new TY REX machine in 2002. Up to four 

ILL instruments can now be provided with fresh spin-filter cells every day. 

Simultaneously, the polarization in the spin-filter cell has been increased and 

now exceeds 60%. We expect to reach 65-70% polarization by the end of 2003. 

before be ing replaced typica lly once a 

day. The Lechnique is noL trivia l but 

owing to developmenLs at var ious pla­

ces, in parLicular E S-Paris. Lhe Uni­

versity of Mainz and the ILL. conside­

rable progress has been macle during 

th e last decade. RMEOP now appea rs 

more and more as a generic neutron 

polariza tion analys is method ca pable 

of high-quali ty measurements. specia­

lised for short wavelengLl1 s and large 

so lid angle coverage on therm al-to­

co ld neutron in sLruments. The ILL is 

playing a key ro le. feaLU ring modern IR 

Tyrex main characteristics (November 2002) 

Magnetic Guide Field 
9 coils, 2 m diameter: 
B = 8 Gauss, .M3/B < t0-</cm In 1.3 m3• 

Light source 
Infrared Yb-Ober laser (All-Ober V-Groove Tech. Crom Keopsys SA); 
Optimised for Helium gas 23S,-23P transition (1083 nm. 2 GHz bandwidth) : 
Individual ftber optics. adjustable telescopes. polarizing beam splitters. end-mir rors: 
Power : 8 W (two 4 W units); 
Planned (Spring 2003): Ove 4 W units. 

'He Polarization In Low Pressure Stage 
Metastablllty Exchange Optical Pumping (MEOP) In a weak RF discharge at 0.9 mbar; 
5 lntereonnected Pyrex cylinders 6-8 cm diameter, 2.3 m length and 37 llter total volume; 
Spin Polarization (668 nm fluorescence monitoring): 65 %: 
Relaxation time (without discharge): 25': 
Sustainable flux (8 W) : 1.3 bar.llter/hour (58 mmole/hour) . 

Volumetric Unit data 
Powerful hydraullc actuator under closed-loop computer control : 
Velocity: 30 cm/sec, ftnal position within 3 µm precl Ion; 
PolartzatJon Preserving Piston and chamber: 'lltanlum alloy, 11 cm diameter and 55 cm stroke; 
Total displacement: 5200 cm3, Dead volume: 0.15 cm•: 
Relaxation t ime for polarization Tl - 1 hour at 200 mbar In 300 cm3; 

InslgnlOcant Gas contamination after 8 hours closed-cycle operation with L , trap & 
vacuum guards. 

Intermediate Pressure Storage Buffer 
Uncoated Quartz glass: 2.5 llter; 
Typical ln0atlon rate: 10 mbar/minute; 
Tl relaxation time - 45 hours at 200 mbar. 

High Pressure In-Out ports 
2Independentln/outports; 
Pressure: up to 6 bar; 
Spin Polarization: > 60 %. 

light sources. a state-of-the arL meclia­

niea l compressor, cell s with various 

shapes and ili eon windows and mag­

netostatic cavities aL se lected specLro­

meters. 

A new kind of laser has been in trodu­

ced. whi ch represents a leap forward 

for M EOP. Infra-red fiber lasers. a pro­

cluct of Lh e telecommunication s indus­

Lry, ll ave now replaced the LNA crys­

ta I so lid state lasers introdu ced 10 

yea rs ago aL ENS-Paris. Fol lowing pre­

liminary LesLs aL Mainz and JUlicll. 

such a 2 W Yb-doped fiber laser was 

acquired 2 years ago at the ILL. As 

these lasers are now full y optim ised for 

llelium pumping, it has been decided 

to acquire four unit of 4 W Lhis yea r. 

representing an opLimally fl ex ible so lu­

tion !'or TYREX ancl its 5 opti ca l pum­

ping ce ll . 

Severa l yea rs or exploitaLion ror Lile 

COW prototype delivered by the Univcr­

si Ly of Mainz have led to Lhe indepen­

dent design at the ILL or a much impro­

ved polarization preserving compres­

sor. wh ich makes up the hearL of the 

new TYREX filling station. 

Macie of non-magnetic Titanium alloy. 

the compression uniL features a single 

5.2 litre stroke volume with a very small 

0.1 5 cm:• dead-volume. The high purity 

of t11 e 31 le gas is maintained by using 



Figure I : Schematic or TY REX. 

double quad-rings and vacuum guard . 

designed into a comprehensive vacuum 

neLwork Lhroughoul Lh e compressor 

head, in pa rallel '-''iLh Lhe main channel · 

dernted toga , Lran portalion. 

The pi ·ton i ac tuated by a powerful 

h~draulic sy Lem. gi\'inga highly au. ­

fac tory d~ namica l performance to the 

sys tem. \\'hich is de. ignecl Lo proce • • 

two ce ll ' in parallel. All Lhe elec tronic 

control va lu es. cnsors and gauges are 

acce ·sible \'ia a high- peed digital inter­

face (f\a lional In trumcnt ). A l.alJvic\\' 

program \\'ith a fricnclly graph ica l user 

int er face contro l · the hydraulic po\, cr 

sy ·tern . the pi ton. th e co rn pre or 

hea cl and all the 'He-ga circuit. 

TYRKX ha · been cnlirely designed. built 

anti as -cmb led al Lile ILL in 3 yea rs. 

11 igh-pres u re polarization wa te ·tecl 

in Ju i and thl' machine commi • ·ioncd 

in September 2002. Fir t neutron mea-

Figure 2: Early check or l-l clium-3 polari­
za t ion rrom TYREX with a TOF neutron 
measurement on PF I B (Courtesy A. Pc­
toukhov & T. Soldner). 

,. Polarized 'He 
Cells 

II===~➔ 
Optkal Polari­
sation Measu­

rement 

urement made al PF'IB in Ju ly con­

firmccl the va lue of polarizalion obtai­

ned '-''itl1 Lile fl uore. cence light from 

the low-pre sure di charge. l11 Septem­

ber. \\ ith 8 \\' or light m•ailable. the end­

product polariza lion reachccl a reproclu­

ciblc 60 %. al lo\\ ing to deliver evera l 

ce ll · ·ucce s[ully ror a checlulecl expe­

riment at the EVA renectometer. 

\Ve lwlirve Lh at the imminent installa­

lion or the 4 laser unit rrom Keopsy 

\\'ill allow u • to reach G5 % a \\'a 

originally foreseen in Lhe TYRKX pro­

jc'cl. The use of a high rc'solul ion pos i-
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Li on detec tor mak s th e hydraulic 

ac tuator capable or a positioning pre­

cision of 3 µm. Thi s mean that the 

pi ston chamber can be op ratecl rever­

sibl . taking a prec ise amount or ga al 

high pres ur in th e Spin Filter ce ll to 

expand ancl be recycled in the opti cal 

pumping stage in order to rerre h its 

polarization. ery encouraging tes t 

have been made, opening the po ibi­

lity or operating our ystem in a Closed 

Cycle mocle of operation . a could be 

desired in future applica tion 
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Experim ents with polarized neu­

trons: 

• are es ential ror the accurate deter­

mination of absolu te neutron cross­

sections: 

• provide Llie ability LO unambiguously 

and simultaneously determin the indi­

vidual nuclea r. spin-incoherent and 

magnetic scauering cro s-sections: 

• provide the means or perform ing 

ultra-high re olution inelastic neu­

tron spectra copy: 

• are invaluable in tile determination of 

magnetic structures and form-factors. 

Polarized neutron exper iments are 

orten limited by their inherently low 

coun ting rates. and by severe restric­

tions in the ranges of energy and 

momentum transfer ava ilable. These 

D18 Two-Axis Diffractometer 

arge solid-angle 
polarization analysis using a 3He 
spin filter on a multidetector 
spectrometer 
The advent of the polarized 1He spin-filter has made it possible to polarize 

neutrons efficiently in the hot and thermal neutron energy ranges, and to 

analyse neutron polarization over a large solid angle. 'He spin-filters have 

been employed with great success for overs years at the ILL on the hot neu­

tron instruments D3 and IN1, as well as on the thermal trip le-axis spectro­

meter IN20. However, the simultaneous application of large solid-angle 

, polarization analysis coverage and thermal neutron energies, for which 

the 'He spin filter is so supremely well-suited, has, up till now, not been achie­
\,ed. We present here the first large-solid angle polarization measurement 

using a 1He spin-filter at thermal neutron energies. 

re Lriction can be partially add res­

sed by brute-force. F'or example. tile D7 

dirfuse scatteri ng spectrometer 

employs over 6000 indi vidual super­

mirror on a mulLidetector in order Lo 

provide a wide momenLUm tran fer 

range 11 ]. but the energy Lrnnsfer range 

or these supermirrors is extremely nar­

row. with the supermirror clevices being 

virtually opaque Lo neutrons of energies 

. larger than 10 meV. 3He spin rilters. , .. 
•however. make it po Sible Lo ana lyse 

f~utron polarization over a wide 

O-range and energy range simultane-

PG-monochromator 

" 

Figure2: The 3He pin filler used in this 
measurement. produced al Lh e ILL by W. 
lleil and 1-1 . l-lumbloL. The horizontal cove­
rage or the cell is 90°. and the height or the 
cell is 70 mm . The cell contained 2.7 bar 
of "He during the measurement. 

~ A.=2.sA 
Cd-collimator ~ '\. . 

'He-spin fi£.:ter SM-polanzer 

ously I 21. thus enab li ng wide-angle 

polarization analys is in the th erma l 

and hot neutron energy regime . 

analyser - Mezei-flipper 

., ... ./·······-
/ , --- guide coil . , \ 

L---r-------J1 --t- cryostat 

sample 

solenoid 

Figure! : A ··chemati c view or the et-up or Lhe D1 B spectrometer equipped ror polariza­
Lion analys is u ing a ·'He spin filter. The beam is polari zed by a supermlrror Scharpf'-Lype 
bender. The "He spin-tiller is positioned close Lo th e sample in Lhc sca ttered beam. 

In order to demonstrate the errective­

ne s or :11-1 e spi n-rilters ror neutron 

polarization analys is at thermal neutron 

energies. over a wiclc olicl angle. we 

have performed a neutron polar ization 

ana lys is study or a magnetic amorphous 

metal. Y,)~rN L1 on the D 113 clilTra tome­

Lcr at Lhr ILL 131. Th is sa mple was cho-
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fl igure3 : Comparison or the nuclear and magneti c sca ttering cross-sections measured on D'I B wi th a "I le spin rmer ancl on 1)7 with a mu l­
lidelector containing 6000 individual supcrmlrrors. The clata taken on each spectrometer are qualitative ly lclentl ca l. showi ng that the Jll e 
spin-fil ter provided a clean separation or the magnetic and nuclea r cross- eclions. 

sen since it had pr viously been sLu lied 

on the D7 spectrom ete r. enabl ing a 

quantitative comparison of the results 

obtainecl. Tl1e in strum ent set-up 

employed is shown in figure I . and th e 

wide angle JHe spin-fi lter u ed in t11 

measurement is shown in figure 2. Mea­

surements of a standard quartz sa mple 

showed t11 at the initial polarization of 

the :i I-Ie nuclei was 52%. giving a neu­

tron ana lys ing power of 87%. Th e qua­

lity or the filter and the homogeneity of 

th e magnetic guide fi eld assemb ly 

around the pin filter led to a 31-le nuclear 

sp in-relaxa Lion Lim e of 92 h - wh ich 

was ample to allow th e c pcrimcnt Lo 

proceed for an entire 2 clay period . 

The separated pectra - nuclear and 

magnetic - obtainecl during thi s expe­

rim ent are hown in figure 3. along 

with the same spectra obtained u ing 

the D7 spec trometer. The D 1 B claLa are 

heavily binned to reduce the number of 

point to approximately the same as the 

D7 data. It is immediately apparent 

that both the D1 Band D7 data set are 

qualitatively identica l. with a typical 

gla s- like structure factor exhibited in 

the nuclear spectrum. and a nat mag­

netic cattering cross-section. The solid 

line through the magnetic spectra is 

the quared Er3T magnetic form-factor. 

The line through the nuclea r spectra 

mca urccl on D7 is a fit to a erie of 

four Gaussian peaks. Thi s fit i th n 

superim I osed on th e DI B nuclea r 

spectrum to give the reel line in the 

figure. Since the pectra taken on each 

in trumcntare identica l it is clear t11at 

the iI le spin filter lia proviclecl a clean 

eparation of the magnetic and nuclea r 

structure factor over a wiclc ·olicl angle 

at therma l neutron energies. 

Thi · is an extremely encouraging re ull 

•ince the D1 B pectromctcr uffcred 

from an extremely high background. 

and also a low incident beam polar iza­

tion coming from the upermirror ben­

der polarizer. Looking again at figure 3. 

the solid black symbols in the DI B pcct­

ru m represent the e tractcd nuclear 

cross- ection, ithoul a background sub­

trac tion having been performecl. We ee 

that the Latistica l error bar are much 

reclucccl here, demon trating that the 

background on D1 B was a significa nt 

fraction of the measured ignal. This is 

not the case on D7. wher great care ha 

been taken over many year . to ensure 

that minimal background contamina­

tion is present. Therefore. given an op ti­

mal low background in trument. with a 

high incident beam polarization. we ca n 

confidently exp ct that the performance 

of th 'I le spin filter will ea ily urpas 

that of uperm irror benders. in the ther­

mal energy rang . Thi i e ·pec ially 

true since the level of :iIIe nuclea r polari­

zation now routinely aLLain values a 

high a 65%. giving a grea tly increa eel 

analy ing power. 

A working group ha recently been et 

up at th e ILL to finali se the de ign of 

the proposed P STIS in trument. which 

wil l be the fir 'l at the ILL LO make 

cleclicatecl u of a wide angle ;•He spin­

ana ly er. almo t id ntica l to the one 

used in thi tucly. and allowing for the 

fir t tim e. polarization analysis expe­

riment on a mu ltidetector pectro­

meter at thermal neutron energie . 

Thi in trum nt will have broad appli­

ca tion in the n leis or 

• itinerant magneti m - (high-energy 

zero-po int sp in-fluctuation ): 

• phonon-magnon coupling tudie : 

• amorphou magnetism (wh re a wide 

O and ro range i generally r quired): 

• di ordered molecular y Lem [4] 

(oxygen. non- imple liquids. nano­

tube ), ancl many other . 
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T:1e idea of holographic imaging has 

Jeen conce ived by Denis Ga bor 

already more than hair a centu ry ago 121. 

1 lowcvcr. iL was successfully applied only 

more than two decades later as one of Lile 

striking consequences of the development 

of laser technology. l•'or a long Lime. holo­

graphy was restricted LO essentially Lh C' 

wavelength range of visible light with its 

in l1ercnl limitations as Lo L11c resolution 

obta inable in recording a hologram. A 

serious efforl lo extend holographic tech­

niques to shorter wavelengths allo\\ ing 

for beuer resolution. wa only made after 

the pioneering work of A. Szoke [ 3 I propo­

sing the use of photoelecLmns and X-ra s. 

I lolographic imaging technique. are ba ·ed 

on the recording of the interference pat­

tern or two coherent wave emiucd by the 

same source. The fir t wave LhaL reaches 

the detector direclly. serves a the refe­

rence wave. The second one is scattered 

by L11e object of interest and subsequenlly 

interfere with the reference wave. 

F'or thermal neutron the inside-detector 

concept is realised as follows: A wcll-col­

lima lecl neutron IJeam. i.e. a plane \\8\'e. 

propagates in a single- crystal sa mple 

con taining a small amount of strongly 

neutron-absorbing atoms. The neutron 

wave reaches ll1c ·c "detector·· nuclei ei t­

l1er directly. without any sca llering (thus 

serving as the referrncr beam). or after 

5 

Holographic imaging 
of single atoms using 
thermal neutrons 

As an alternative to X-rays and electrons, a recent paper [1] proposed the 

use of thermal neutrons with wavelengths close to interatomic distances 

in condensed matter to obtain holographic images on an atomic scale. Two 

experimental methods were considered which either put the radiation 

source inside and the detector outside the object or vice versa. The second 

approach, called the inside-detector concept, requires strongly neutron­

absorbing isotopes acting as point-like detectors in the sample. In the pre­

sent work we demonstrate for the first time the feasibility of this technique 

by recording a holographic image of lead nuclei in a Pb(Cd) single crystal. 

0 

Figure I : Schematic illustrati on or th e 
arrangement of the lead atoms surrounding 
a Crl atom (yellow spot) as nrst neighbours 
in the FCC structu re . The orienta l ion and 
positions or Ille spots arc eq uiva lent lo 
those in 11gurc :z. The FCC cubic latti ce. 
however. is li!Lecl wiLh respect to Lile 7.-axis 
ur Lil e cl iffrac tumetcr according to Lh c 
angles given in lhe text. The gricl marks arc 
given in Angstroems. 

sca ttering from other nuclei in the 'am­

ple (object beam) . Tl1e in ten •ity di Lribu­

lion or neuLron rad iation inside Lhc crys­

ta l ancl. in parlicular. at the 'ites of the 

detector nucle i. re 'Ults from the interfe­

rence be tween the e two waves. Because 

the ample i a single crysta l. the olJjcct 

!)Cam 11·ill strongly depend on the orien­

tation or the sample with rrspect to the 

incoming hcci m direction. The ahsorplion 

of neutron.- giH'S rise to UH' rm i ion or 

(usually) y-radia tion. The intensity or this 

y-radiation is tl ircc lly proportional to llw 

intcn:i ly of thr neutron wave ficlcl at the 

position or Lile clc•tcclor nucl<' i. II' rc·cordrd 

as a funcLion of Ll1e sa mple orientation. 

r·elaLive to the clireclion or the inciclcnl ncu­

trnn llcam. L11i s intensity paucrn yields a 

hologram I 11. 

In Lhe prcsrnt work a spherica lly sliapcd 

ingle crysta l of Pb11 ,1114 Ccl0mJ, with a diamc·­

ter or about 7 mm wa: u eel as L11c sam­

ple. In the ase or Ccl Lhe absorption cross 

eclion for thermal neutrons is morr than 

four order or magnitude larger than for l,h 

so that Lhr Cd atom , act as highly efficicnl 

detectors. The phase diagram 14 l shm1·s 

that Lhr crystal structure of U1e alloy is facc­

ccn terecl cubic Ucc) as for pure leacl. Thr 

quality of the single crystal was checked at 

the Lalloratoire Leon Brillouin (Saclay. 

France) before the experiment, and a 

mosaicit of about I. - o was round. The lat­

tice parameter is a= 4.935 A 14]. The Cd 

atoms are randomly distribu ted on regular 

laLLice iLes. In an Jee laLLice every atom has 

12 nearest neighbours ancl. ince the Cc! 

concentration is cry low. usually all lallicc 

site surrounding any onr Cc! atom arc 

occupied 1,y Pb atoms. The lead nuclei play 

the role of Llw object while Lhr cadmium 

nuclei serve as point-likf' detectors inside 

the sample. figure 1 shows Lhr arrange­

ment or llw first neigl1llourl1oocl or the Ccl 

auim in such a lallicc. 



The experiment was carried out at the 

ILL. on tlie D9 !'our-circle diffractometer. 

The sa mple was mounted on the cradle 

or L11 e diffractometer in such a way that 

tl1e plane or the crad le was parallel to the 

incident beam. Tl1e sample was rotated 

about the angle x through a range of 45° 

ancl about the angle cp through a range 

or 354°. The angular step-wiclth was 3° 

for both rotations leading to a mesh of 

1 Gx'l 19 = 1904 pixels. Neutrons with a 

wavelength or 'A= 0.8387 A were used. 

The prompt y-rays emitted by Lile Ccl 

nuclei were detected using Lwo scin till a­

tion detectors (one 3··x 3" Nal(TI) and one 

2"x 2" BGO) The deLeC LOl'S were sl1iel­

cled by lead and with polymer foil contai­

ning "Li. The signal-Lo-noise ratio was 

sligh tl y above 25. 

In orcler to decrease L11 e inl'luence of slow 

va riations or the incident beam intensity 

the measuring Lime for one pixe l was 

limi ted Lo 30 seconds. During Lile course 

or the experiment 14 cycles were comple­

ted resulting in typically 2. 5x I Qi coun ts 

in one pixe l for Lhe BGO and 1. 5x I Qi 

counts for Ll1 e Nal(TI) deLecto1·. 

Fur r'econstructing Lile object. compu­

ter-generated spl1 eri cal waves were 

applied to th e recorded hologram. i.e. 

convolu tion of converging s-waves with 

Lile data matrix or the scanned (x.cp) sur­

face wa s carried out. Tl1 e pattern ob tai­

ned by L11i s procedure gives Lile resto­

red holographic picture. More details on 

clata process ing and noise fil tering are 

given in re!'. [G]. Figure 2 shows Lhe 12 

led atoms around a given cadmium atom 

on the surface or a sphere. From Lile 

radi us of Lhis sphere Lile lattice parame­

ter oft.he Pb(Cd) crys ta l wa s derived. 

Tl1e va lue of 4.93 A obtained from the 

holographic data is in very good agree­

ment with the above-m entioned value. 

Tl1e or ientation or Lile crys tal lattice was 

reconstructed from t11e hologram by sui t­

ably rotati ng Lile z- and y-axes. Compa-

ri son with the model ca lculation showed 

the [00·1] direc tion of L11 e lead crystal Lo 

have a declination angle from the z-axis 

of the diffractometer of 0 = -59 ± 3° and 

the initial va lue of the rotation around Lile 

cp-axis to be cp
0 
= 21 ± 3°. Without remo­

ving the crystal , D9 was used aga in in its 

original 4-circle diffractometer mode and 

Lile orientation matrix of the crys tal was 

determ ined. Tl1is gave Lile values of 0 = -

60.3° and cp
0 
= 20.3° in excellent agree­

ment with the hologra pl1ic data, thereby 

demonstrating Lile power and reliability 

or Lhe tecl1nique. 

We emphas ise that. clue to the nucl ea 1' 

interaction or neutrons. these distances 

reflect Ll1e position s of neighbouring 

nuclei in contrast Lo the ca se of X-rays 

where inLeratom ic distances are dcfi­

necl by Ll1c in terac tion with Lh e widely 

disLributf'd electronic shell. 

To our knowledge. Lhis work is Lhe l'irst in 

which Lile internal-detec tor concept was 

successfull y realised for neutron holo­

graphy and the ob jec t was restored with-

Figure 2: The spots representing th e posi­
tions or th e twelve Pb atoms l'orming the 
lirst neighbours or the Cd nucleus are dis­
played on the surl'ace or a sphere or radius 
3.49 A= a/✓2. a being the lattice parame­
ter. The X-axis is the incident beam direction . 
the Z-axis is the z direction in the system or 
coordinates or the D9 diffractometer. 

ouL making use or any a priori knowledge 

about the orientation of Lile sample. Tl1us. 

Lile feasibility of the concepts or atom ic 

resolution neutron l1olography proposed 

in [ 1] is now proven. The spec ial proper­

ties of the nuclear scattering process or 

neutrons, like its isotopic sensitivity and 

iLs dependence on Ll1 e magnetic moment, 

will substantially enlarge Lile fi eld or 

investigation opened up by this novel 

technique of which we briefly mention 

just Lwo examples: FirsL. as already dis­

cussed in more detail [5]. the internal­

source concept is applicable to the inves­

tigation or a wide variety of hyclrogen-con­

Lain ing compounds. both anorganic ancl 

organ ic. Second. by using polarizccl neu­

tron beams. bot.11 Lile internal-source and 

Lile inLernal-cletecLor concepts. may be 

exLremely useful and nexible tool s ror 

sLuclying the loca l magnetic structure or 

magnetic materials. There are aL least two 

fundamental clifferences compacecl to tra­

ditional diffraction tech niques. On L11 e 

one l1 and. l1olograpl1y is a full reconsti­

tution wiL11ouL Lile known pl1ase inronna­

tion loss or cliffracLion. As such it migl1t. 

appear as challenging. but L11 c signal-to­

noi se ra tio aL present is much less favou­

rable than in sLanclard techniques. On 

the other hand. iL can reconsti tute only 

the neighbourhood of t11e "detector" atom. 

buL this it can do without ambiguity. In Lhis 

sense iL becomes a loca l probe. 
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Experiments employing co ld neu­

trons in materials science gene­

rally provide information about th e 

intensity and the direc tion of the scat­

tered or diffracted beams which are 

determined by the coherence proper­

ti es of th e neutron beam ancl the sca t­

terer. Por an exact analys is ancl inter­

pretation of the experimental clata it is 

necessary to have detailed knowl edge 

about the coherence properti es of th e 

wavefielcl. Interferometric measure­

ments give direc t experimental access 

to the complete coherence function of 

the wave fielcl, the amplitude ancl t11 e 

relative phase of th e tran smitted and 

the scattered beam. 

Thi s fact opens new possibilities not 

only in fundamental but also in app lied 

physics. 

Figure 1: Photograph of the interferom e­
ter in our laboratory in Vienna alter recor­
ding the gratings. 

nterferromagnetic 
measurement of the 
longitudinal coherence-function 
for cold neutrons 
During the last twenty years various interferometric experiments with ther­

mal and very cold neutrons were performed. While interferometers for ther­

mal neutrons are usually based on the dynamical diffraction from perfect sili ­

con crystals [1], interferometers for very cold neutrons utilise artificial gra­

tings made by sputter- or photolithography-techniques [2]. With our new inter­

ferometer we open up interferometric techniques for the cold neutron wave­

length range. The interferometer consists of three holographicatty genera­

ted density gratings of deuterated polymethylmethacrylat (d-PMMA) which 

are arranged in triple-Laue geometry. We present the first direct measure­

ment of the longitudinal coherence-function and - as a by-product - an esti ­

mation of the longitudinal coherence length of a cold neutron beam. 

, 1 •• 

.•······ R,=ttt 

G1 G2 

u rf + II 

'I' ' +R = 
2 3 

trr+rtt 

S,=ttr 

R4=rtr 

L=3oomm 
···---. s =rtt 

4 

Figure 2: Sketch of the interferom eter· For cold neutrons based on holographically gene­
rated density gratings in d-PMMA. 

To generate the gratings we are employ­

ing the photo-neutron refractive effect 

of deuterated polymethylmethacrylat 

eloped with a photosensitizer [3-5] . A 

stanclarcl holographic two-wave mixing 

set- up was usecl to incluce refractive­

inclex changes for neutrons. As tlie num­

ber dens ity of the polym er and the 

monomer differs, an irradiation of the 

sa mples with a sinuous iclal light-inter­

ference pattern leacls to density changes 

which ac t as gratings. This process is 

enabl ecl by a decomposition of the pho-

tosensitive component into free radicals 

wh ich start a polymeri sa tion process in 

tl1 e bright region . 

Advantages of thi s technique are that 

the grnting spacing can be va t•ied bet­

ween 180 nm and several µm. that the 

magnitude of higher diffraction orclers 

and the ir diffrac tion efficiency ca n be 

tuned by th e exposure. intensity and 

thickness of the samples . 

Tile interferometer consists of three 

gra tings which are arranged in th e 

symmetric triple-Laue geometry (figu-



re 2) [6]. The incident beam is split at 

each gra ting, resulting in a total of 8 

rays (R 1-R 1 and S,-S,) behind the third 

grating. Only two pairs (R2+R3 ancl 

S1+SJ contribute to in terference. After 

the third grating we obtain a coherent 

superposition of the wavefun ction s 

4''+4'11_ To reco rd an interferogram a 

phase- flag or sapphire was in serted in 

both beam-paths between the First and 

second grating. A subsequent rotation 

<I> of the sa pph ire around an axis per­

pencl icular to the plane of incidence ge­

nerates a pha se-difference between 

the bea ms and results in correlated 

intensity modulations beh ind the third 

grating. Those in tensity changes were 

monitored on the detector matrix. 

The ob ervecl cl ecay or the interference 

fringes with increas ing pha se-dil'fe­

rence gives direc t experimental access 

to the absolute va lue of the normalised 

coherence function via th e visibility 
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fi'igure 3: lnterf'erogram obtained by rotating a 4.1 mm thick phase-nag from sapphire arouml 
an axis perpendicular to the plane of' incidence. The decay of' the visibility rcnects the cohe­
rence function. Th e solid line represents a lit lo a Gauss ian decay fun ction . 

[7.8J. and a a by-product to the cohe­

rence length 1,. Th e cross-correlati on 

or van Cittert-Zernikc th eo rem gives an 

interrelation between the coherence 

fun ction ancl the spec tral cli stribution 

of the neutron bea m via a Fourier 

transform. For a mean neutron wave-

length ofA. = 2.0 nm ancl a spectra l dis­

tribution of t::i."AJ').,_ = I 0% we obta in eel 

a coherence length of I, = I 0.3±0.5 

nm. Tl1e maximum visibility of the infe­

rence fringes is 21 %. Those measure­

ments were pCl'formecl at L11 c SANS 

instrument D22 at th e 11,L. 
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Tiw class ica l TAS has rcachc(I Lh c 

r ~ossible limits in lhc las t yea rs by 

app lying focuss ing Lcchniqu cs . Verli ca l 

and hori zontal rocu 's ing monocl1roma­

Lors and analysers with large dimen­

sions have been devr loped as rar as 

poss ible to gcL Lh c highcsL flu x al the 

sa mple position and in th e delec tor . 

These achievements come along with 

degraded rcso lulion in momenLum 

space. Energy resolution is unafl'ec lcd 

by choosing appropriate gromcl ries. 

All Lhese developments increased Lil e 

flux. IJuL the principle of opera ti on for 

th e TAS remained: a scan in th e rec i­

proca l space step by slep. Th ere is 

110\1 an increa ing drmand for canning 

a largp range in 0-w space LO gel a glo­

bal overview of Lile exc iLalion spectrum. 

often ca lled .. mapping"". Th is method 

novel multiplexing 
three-axis spectrometer 

There is an increasing demand to map out the energy momentum space also 

for single crystalline materials. One idea is to extend the range of scatte­

ring angles of a three-axis spectrometer. This opens up the possibility to inves­

tigate large volumes in the Q-w space from small single crystals simulta­

neously. A novel multiplexing secondary spectrometer for the thermal three­

axis spectrometer (TAS) IN3 has been installed and tested . The entire 2 D 

dispersion manifold in the be plane of the spin-Peierls compound CuGe01 

has been measured. 

ha. prove(! Lo lie success ful, in pal'Li ­

cular wlirn applied Lo low dimensional 

sys tem . . A ru rLh er demand ca n be to 

ge l more consLt•a in t. on rlispcrsion ­

ca lculal ion . hence be ing able to deter­

mine many-parameter l lamil tonians 

or LO di stingui sh betwee n diffcrenl 

models. 

\Vhile the use of time-ol'-rlighL pec tro­

mcLers for Lhis purpose i • qu ite obvious 

here. similar/comparable pos ibililies 

based on TAS are tlemonstra l ecl. 

Th e angular ra nge 1\"a cnlargccl at th e 

F'RM in Ga rching by the mu lti analyse r 

detec tor arra ngrmenL ( IAD) f I J. Th r 

des ign is a monochromatic clefocu -

sing arrangement. which mea ns all 
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analy er crys tals refl ec t th e sa me 

energy in Lhcir own clcLecLor (see figut'<' 

I ). The scconclary spectrometer is now 

equi pped wiLh 32 Cu(200) analyse rs. 

cac l1 one aboul 7:-i mm high. All ana­

lyse rs arc arranged on a circle with 

radius I 031 mm ancl aligned to t11 e 

same final energy of 31 meV. Th e ana­

l se rs arc separaLr d by I <l rgree ancl 

L11 ereforc Lh c se t-up cove r now an 

angle range of 31 degrees. Eacll ana­

ly er is followed by ils own 'I le coun­

ter with an ac li vr length of about 

100 mm . All cllanncls are separatr cl IJy 

collimators. The MAD econdary pcc t­

l'omr Ler i , now aL the ILL. on loan from 

TU Iiinchcn and insla llecl at the three-

0,2 0,3 0,4 0,5 o,6 0,7 o,8 0,9 
Q.[rlu] 

Figure . I : Top view of Lile clelecLor box . The row of I lclium clclecLOrs 
is at Lile botlom of Lile pieLure. Th e alumin ium hank. housing Lhe 
,mal~scr er)sLa ls. is insLall ecl between Lile two colllmaLor' systems. 

Figure 2: O, 1,: map or a scan taken w lLh a se t-up O, perpendicu lar 
Lu 1',. The(), a,is shows Lile <l i!Tercn t <l eLecto r channels whilst the 
crr crg) Lra nsfrr \H IS scanned . 



axis spectrometer I 13. Due Lo the cur­

vature or the neutron gu ide higher 

orders of neu trons are absent in the 

range of inciclenL energies. 

The operation of such a mu lti ana lyser 

se t-u p is more complicated, due Lo Lhe 

enhancement of scatteri ng angles Lhc 

TAS loses a part of flex ibili ty scanning 

in 0-w space. Bu L for low dimensional 

systems. like 1 D or 2D magnetic exci ­

ta tions. L11e re exis ts an advantageous 

se t-up for th e sample crysta l. by which 

one ca n measure a large pa rt of a sp in 

wave dispersion in one scan. The neces­

sary condition is that the sensitive rec i­

proca l axis is aligned prrpencli cular to 

Lile in coming wave vec tor ki. Changing 

the incoming energy results in a con­

stant Q-scan for all detectors along Lh is 

clirecLion. There exist furth er scan pos­

sib ilities. wh icl1 can l)e qui te l1 elpl'u l 

with thi s se t-up. F~y rot.aLing Lil e sam­

ple crys tal, one can map in a plane of 

Lhe rec iproca l space aL a certain energy 

transfer. Th ereforr cut.s in Lll<' 0-w 
space with a predcl"in ecl r·nergy Lrans­

l'cr ar·e poss ible. Th e abili ty Lo make 

these constant energy cuts and focus 

Lile intensity in a small region of energy 

lransfer is a remini scent rea Lu r'('. of L11e 

fl ex ibility of th e TJ\S. 

To benchmark Lil e se t-up we have cho­

sen Lhe spin 1/2 quas i one-dimensional 

Heisenl)e rg anLil"erromagnel CuGrO,. 

which is an in teres ting sys tem with low 

va lue of spin ancl hence w('akly sca lle­

ring to challenge Lile bo . AL a Lempe­

raLu re T," = 14 K. Lhis system unclr rgoes 

a spin Peier ls transition Lo a chain of 

couplecl dimers [e.g. 21. Due Lo the low 

cli mensionali ly of the sp in system it is 

an idea l candicla Lr Lo Lest Lhe proposed 

clifferrnL scan geometrics. 

J\ I 5x5x7 mm ' ingle crys tal of CuGeO, 

was mounted in a I lelium flow cryosLaL 

and aligned with (0.k.l) in the scattering 

planr. The temperature was 2 K th roug-
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Figure 3: The 2D dispersion or CuGeO, in th e be plane is Khown rlcri ved rrom I .JO anal~­
scd inelastic peaks. 

hout the experiment. Tl1e sc oncla ry 

spec trometer was fixrcl Lo a minimum 

scauering angle or 6° for the deLec tor 

channel nea resL to LIH' primary l)ea m. 

The scans l1 ave been perform er! hy va ry­

ing Lhc incoming cnr rgy up Lo an Pnergy 

transfer of 20 meV. To map ouL L11 r 

wl1ole clispcrsion surface L11 e sa mple 

oricn La Lion was clla ngcd by I O dcg r<'('S 

for different. sca ns. Nine clilTer('nl ·a m­

ple ori ental.ions have bec:n recorcled in 

L11i .- way and for some ori entations we 

l1 avc maclc seve ral sca ns 10 gr:1 lleLL(:f' 

sLaLisLics. l•:ac l1 sca n point was measu­

red on ave rage for 7 min . One sca n 

over Lile magnetic exciLa l,ions wiL11 a sLep 

size of0.2;) mrV nreded about 11 hours. 

A tota l or more than 20 000 pixe ls in Lim 

momentum energy space hav(' been 

recorclecl. Jcigu re 2 shows the r'<'SU I Ls of 

L11 e sca n with L11e constanl () se t-up. 

Clearly visi l)le is the magnon rlispcrsion 

with Lile ga p at 0, = 0.5. 

From the measured data sr ts abou l 

140 cxcitalion pea ks co ulcl hr fill (' (! _ 

Prom these we deri ved Lhr rull 21) 

rc pr(·sentalion or Lile dispersion in Llw 

IJc pl ane or Cucco , (figure 3) . 

Whctl1cr our clal.a se t ca n now ilc used 

to dilTcrenLiaLc bnwrcn dilTcrcnL comp('­

Ling th eories for Lile dispersion in t.hc 

main clirection is now under invrsLiga lion. 

Kee ping in mind 1l1aL til e dali:l wt·rc 

obl ain ccl aL Lhe IN:l bea m-line wit.Ii an 

inciclcnt nu x of a facto r I 00 less co ,11 -

pa reel Lo Ll1 e newly u pgracled I N8. and 

th at Lil e box in future will tw ablr 10 

hos t 1wice I.li e numl)cr of cl('Lcc t.ors. 

one ca n im agine what a powerful too l 

a multi analysn se t-up can ilc. 
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W. Haussler, G. Ehlers (ILL) 

U. Schmidt 
(University of Heidelberg) 

F. Mezei (HMI Berlin) 

I n NcuLron Spin-r:cho (NSE) J I .2] 

neulrons accumulate spin phasr in 

magnelic fields before and after the 

sa mple. The measurccl quanLity is Lh e 

final scattered IJcam polar i/,a tion . which 

conlains information about the sa mple 

clynamics (the intermedialc sca lter ing 

function S(O. t,)). Thi , method is lim itccl 

by the inhomogeneities of the magnetic 

Fi eld B. They ca use spin phase diffe­

rences of inclividual neutrons ancl. the­

refore. influence th e sca uerccl IJCa m 

polar ization even in the absence or sa m­

ple dynam ics. The cutron Resonance 

Spin-l<:ct10 (NRS I~) 114 I tc ·l1n ique can 

ove rcome thi s limiLation l)y rf'ducing 

the dimensions of th(' fi clcl. In 1RSI~ on 

either spec trom eter a r'm the magnetic 

field of a long SE co il (l'igure I . left) is 

replaced by a pair or two rclativP ly shorI 

RSE co ils ancl a guicle fi eld in between 

(figure 1. right). The NRSE co ils produce 

,,• ■□-~,~=: 
HIIS( 1 NASCJ 

/tSEprKHsloo coll fre~ J f rnMI J l'.wklf ff@ld frtsrw'I " 

.. 

)00 .. oo ~00 6oo 

Position I cm I 

Figure I : The experiment.al S<'l -up (Lop) aml 
I he profile of I he longit u<li nal st.alic magnc­
lic f1c lcl crl'aLed h, all solenoids (bollom) . 

Combination of neutron 
spin-echo with resonance 
spin-echo using longitudinal 
magnetic field geometry 

We report on a recent Neutron Spin-Echo (NSE) experiment which was per­

formed in order to examine a new experimental realisation of the Neutron 

Resonance Spin-Echo (NRSE) technique. Previously built NRSE spectro­

meters use transversal magnetic fields, making it impossible to correct for 

field integral inhomogeneity caused by the beam divergence. For the first 

time, we have built a NRSE set-up with longitudinal field geometry, which 

does not have this disadvantage. In order to test this new approach, we com­

bined one spectrometer arm of IN11 (NSE set-up) with a new longitudinal 

NRSE set-up in the other arm. This experiment demonstrates how NRSE can 

be reali sed in longitudinal field geometry and sheds light on the diffe­

rences to previous NRSE realisations. As main achievement, we could cor­

rect the effect of beam divergence by means of standard Fresnel coils. 

12 

10 

il 8 
:, 

8 6 

88 93 98 103 to8 
B, Current (A) 
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Figure 2: Th e des ign or Lil e RP-co il (left). The co il is cuboid-shaped. while aL boLh ends. 
a<lclilional co1TccLion coils arc adder!. The appropriat.e runclioning or Lile RF coil LogeLher 
wi Lh Lile /J,,-coil s is rlemonsl raLcd by B0 - and B,-rcsonance scans (ccnLer and r ighL) . 

a static magnetic fi elcl B., ancl aclcl itio­

nally, a rarlio frequency (RI<') field per­

pcnclicular to B.,. Neutrons entering Lhe 

first RSI•: coil unclergo a resonant n-flip 

as the precess with Larmor frequency 

w1• - B., ancl perform Rabi-osc illations in 

L11c· RF fielcl. The gu ide fi eld in between 

the NRS I~ co il s avo ids uncontrolled 

changes of the spin phase. In the econd 

RSE coil. again a resonan t n-flip takes 

place. Tl1r dynamic resolution in RSE 

clcpcnds on B .. and on th e cli stance l)et­

wc·cn the RSI~ coil cenlcr' d. but nol 

on the length or an individual RSE co il. 

This is the main advantage of RSF: 

rnmparcrl Lo convenliona l NSE. where 

the resolu tion clepends on the field inte­

gral JB-ds (s parameterises the neutron 

tra jectory) suffering from field inhomo­

geneities. A measure of the Spin-Echo 

resolution is the sp in-echo Lime ,. In 

SE, , .,8E - ')...3.JB-ds with ')... being the neu­

tron wavelength. However. in RSE. 

.:,i,s, - A.3-2BJ The NRSE arm provides 

the same spin-echo Lime as a NSE arm 

or fi eld sLrength 280 (a nd or the amc 

length). 

The spin-echo times reached in earlier 

buil t I RSE spectrometers [5.6] are limi­

ted to about 10 ns. mainly because the 

inclividual neuLron flight paths acceplecl 

by the diaphragms differ in length. Neu-
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Figure 3: The first NSE-NRSE spin-echo group measured in the direct 
beam (circles). Spin-echo groups measured in elastically scattered inten­
sity (triangles: Fresnel coils off, squares: Fresnel coils on). The mean 
wavelength was 5.5 A, the wavelength spread was 16.4 % (F'WHM). 

Figure 4: The phase of spin-echo groups measured in each detector 
pixel. dependent on the Fresnel coil current (top) . The polarization 
depends strongly on the tuning of the fresnel coils (bottom) . Every 
three polarization values belong to one phase image. 

trons travers ing the NRSE arm not 

para llel. but at an angle Lo the axis of 

symmetry, stay longer between Lhe 

RSE coils accumulating more phase 

(""divergence problem"). This fact dete­

riorates the resolu tion. because NRSE 

(equally as NSE) is based on the condi­

tion that neutrons of the same wave­

length accumulate the same sp in phase. 

All earlier NRSE instruments used NRSE 

coi ls with B0 directed perpendicularly Lo 

the flight path of the neutrons. making 

it practica lly impo ible Lo correct for 

the divergence problem. 

We have builL and Les ted a complete ly 

new NRSE seL-up wiLh longitudinal B0 

fi eld. Fresnel co ils es tab li shed in con­

ventiona l NSE spectrometers in order 

to correct for field in tegra l inhomogenei­

ties can be used Lo overcome the diver­

gence problem. however. they can only 

be used if the static precession field is 

parallel to the flight path of the neutrons. 

In order to Lest the proper operation of 

Lhe new NRSE se t-up. we combined one 

NRSE spectrometer arm with one NSE 

spectrometer arm of th e instrument 

IN11. The whole arrangement repre­

sents a NSE-NRSE spin-echo spectro­

meter shown in figure 1. together with 

the shape of Lile static magnetic fie lds 

Band B0 for two adjustments with dif­

ferent sp in echo time. At high spin-echo 

time the static magnetic field needed in 

the NRSE co ils is smaller by about a 

factor 2. as discussed above. 

Figure 2 depicts the design of the R~' 

co il (left) which is needed for the reso­

nant n-flip. The fi eld integra l inhomo­

geneity inside the coil was redu ced to 

4 % by correction loops. Th is is suffi­

cient to reach a resonant n-flip for all 

neutrons of the beam (center and right). 

Divergence effects are neg ligibl e 

beca use of the shortness of th e co il. 

In figure 3. spin-echo curves at high 

spin-echo time (-r = 4.6 ns. only limited 

by the maximum current of the RSE 

power supply) are hown. The first spin­

echo group measured in the direc t beam 

i shown on the righL hand side of the 

figure (b lack curve). Using a standard 

elastic scatterer. the polarization is found 

Lo decrease a expected. if the field in Le­

gra I homogeneity is not corrected by 

Fresnel coil (blue curve) . All fit functi­

ons shown in figure 3 are a cos ine 

function convolu ted witl1 a Gaussian. 

In order to ach ieve spin-echo curves 

witl1 high amplitude aga in (figure 3. 

red curve). the magnetic fields produ­

ced by the Fresnel co ils have to be opti­

mised. The position of the Fresnel co ils 

was fixed as shown in figure 1. Th e 

effect of the Fresnel co ils is demonstra-

ted in figure 4. where the phase of the 

spin-echo curve at each detector pixe l 

is ana lysed . The current in al l Fresnel 

co ils was tuned linearly in 15 steps 

from zero to the optimum current. With 

Fresnel co ils switched off. the phase 

between the center pixel and off-cen­

ter pixels va ri es strongly (more than 

2n). while the phase patte rn is very 

smooth for the optimum Fresnel tuning 

(pha se differences reduced by factor 

10). On ly on a more sensitive sca le. 

remaining deviations of the phase in dif­

ferent pixels can be recogni ed. Th ese 

deviations remain because position and 

radia l current density of the used stan­

dard Fresnel co il s were not optimi ·ed. 

In future, Fresnel co ils especially opti­

mi sed for NRSE will be used and we 

expect that the resolution of the RSE 

set-up can be further improved. 

In conclusion. we demonstrated by means 

of a test experiment, that NRSE with 

longitudinal field geometry is a promising 

new method in order to perform Neutron 

Spin-Echo investigations. First spin-echo 

measurements were performed. and the 

appropriate function of Fresnel co ils in 

order to optimise the resolu tion of the 

NRSE set-up was testecl. 
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Comings and going 

AL Lhe encl of November 2002. Wa lter Kaiser - Heacl of the Service 
Mecanique cles Aires Experimentales - left the ILL after 31 years. Wa l­
ter brought to a success all his far-reaching tasks with sagacity ancl 
reliability. We wish him well for the future. In the picture. Walter (left) 
at his farewell pot with Frederic Descamps. 

Cheers then! From the lel't, Francis Tasset, Laurent Brayer. llerve Guyon, Steve Jenkins 
and Michel Mollier. 

Bob Cubill, Anclre Gabriel ancl Peter Timmins 
during the REF'lLL workshop. 

Ultra cold neutrons at the ILL ... 



SHOPS. 
Scientific meetings 
hosted by the ILL 

during2002 

f ·r- UK User mee ·ng- 10-11 January 

~ Workshop in honour of Jane Brown • s March 

Simulation of Neutron Spe rometers 
usln Monte Carlo packag (SINS-II) - 20-22 March 

Emmanuel Farhi and Ron Ghosh (ILL). 

6th Bombannes Eur pean Summ r chool on Scattering 
Methods Applied to Soft Conde d Matter - 26 May - 1 June 

Peter Lindner (ILL), Thomas Zemb (CEA Saclay), 

Otto Glatter (U Graz), Jan Skov Pedersen (U Aarhus) 

and Peter Schurtenberger (U Fribourg). 

Satellite meeting IUCr 200 Neutron 
and Synchrotron X-rays - 1-3 August 

Alan Hewat (ILL) and Ake Kvick (ESRF) . 

Bridging the p in mol ular science - 26-28 September 
Mark Johnson (ILL), Don Kearley (TU-Delft), 

Peter Trommsdorff (UJ F Grenoble) and Marie Plaza net (ILL). 

Neutron eflection: Progress in t e study 
of interfaces (REFILL) - 24-26 October 

Robert Cubitt, Giovanna Fragneto and Ron Ghosh (ILL). 

Wor hop In honour of Anton Heidemann - 28 November 
Bernhard Frick and Werner Press (ILL). 

Workshop on the perspectives In Single Crystal Neutron 
Spectroscopy (SC S) - 12-14 December 

A. Hiess (ILL). 
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Blessed wiLh Lhree days of conti ­

nuou sunshine 120 neuLron scaL­

Lerers from the UK assembled in Greno­

ble for Lhe fir L Lime for Lheir annual user 

meeting on 10-11 January WiLh conLribu­

Lions from more Lhan 30 of our own staff 

the meeLing went off with a real zing. 

The poster session - with over 60 pos­

ters - auracLed interesL not only from 

Lhe cientists. and we congratulate In­

grid Parrot. one of Lhe ILL Lh esis tu­

dents. on winning the poster prize. 

Thanks to all those from all sec tions of 

the ILL who helped to make the meeting 

a real success. from the security staff, 

The UK neutron scatterers assembled at the ILL for their Users· Meeting. 

electricians, hosLesses and SCO. to Thilo 

Pirling and Wolfgang Schmidt who pro­

vided the musical entertainment at the 

dinner - and of course to all tho e who 

made scientific presentations and con­

tributions in the various sessions. 

Jane Brown: a celebration of the prizes awarded 
for her outstanding scientific career 

Jane Brown·s outstanding contribu­

tion Lo Lhe field of neuLron caLte­

ring, especially in the area of spin polari­

za tion phenomena in scattering proces­

se . was recently recognised by Lwo 

pre tigious awards: Lhe 2001 European 

eutron Scattering Association WalLer 

Ha ig Prize and Lhe 2002 lnsti Lute of 

Phys ics GuLhrie Medal and Prize. 

In honour of her achievemenLs. and LO 

celebraLe Jane·s birthday as well. the ILL 

management organised a Colloquium 

on 8 March, in Lhe Chadwick amphi­

LheaLre. The pre ence of a se lect inter­

national audience gave further proof of 

the world-wide interest in Jane's key 

contribution to Phys ics Re earch. 

As Bruce Forsy th po in ted out with 

humour. in his speech during t11 e mor­

ning sess ion. Jane·s life can be split in 

three different period s: 

• BC (Before Ca mbridge) 1932-1951. 

Scotland. where Jane was born and 

educa ted: 

Jane during the Colloquium organised in 
her honour. 

• DC (During Cambridge)1951-1974. 

and her stay at the ewnham College 

and Cavendish Laboratory: 

• AC (After Cambridge) 1974. Gre­

noble and the ILL. where she is pre­

sently running an extremely active 

research programme. although for­

mally retired in 1995. 

Jane has made a significant impact 

upon our understanding of the funda­

mental magnetic properties of materi ­

als through her contributions to both the 

development and exploitation of pola­

rized neutron diffraction and advanced 

spherical neutron polarimetry techni­

ques for the precise determination of 

complex magnetic structures and spin 

density distributions. When she arri­

ved at ILL she tackled ferromagnets. 

weak ferromagneti m and antiferro­

magnetism. Her work covered a wide 

range of subjects. from a study of V02 

LO Rare-earth elements like Pr and d. 

Jane also studied systems such as URh3 

and UGe3, molecular compounds uch a 

Tanol suberate and diamagnetism in 

graphite. She used on e-dimensional 

polarization analysis (UPA) on the three­

axis spectrometer with the polarization 

analy is techn iques of the period - D5 -

in order to separate magnetic from 

nuclear scattering. She has also hel­

ped to develop a novel 3D polarization 

analys is (SNP). which measures the 

rotation of th e neutron polarization 

vector. offering more direc t ob erva-



tion of the complex magnetic interac tion 

vec tor. In the las t few yea rs Jane often 

used the Cryopad technique to deter­

mine complicated magnetic strucLUres. 

Jane also has played a key role in deve­

loping and es tablishing a computatio­

nal framework: for example, one of 

Jane's unwavering interests during her 

caree r was the coherent deve lopment 

of th e CCSL library, which now featu­

res 470 subroutines and 40 programs. 

She was also deeply invo lved in the 

so ftware development for D3 and Cryo-

pad , and she demonstrated the power­

ful use of CCSL to interpret measure­

ments ba sed on new concepts. 

Jane is undoubtedly very well known to 

th e European neutron sca ttering com­

munity and appreciated by all her co l­

laborators. The workshop was extre­

mely successful, and many of Jane's 

good co lleagues attended, as well as 

her old Cambridge friends, all contri­

buting to the lively spirit of the occa­

sion . Jane herself confessed that she 

was relieved to have survived all those 

honours and she kindly thanked the 

organ isers and all participants. 

Rem embering lhe good old days! 
Prom the left: Francis Tassel. ,lane and 
Prol'. L. Alle da Veiga. (Coimbra Universily). 

Simulation of Neutron Spectrometers, 
using Monte Carlo packages (SINS-II) 

The Simulation of Neutron Spectro­

meters (SINS) Workshop. sponsored 

by the European Neutron Round Table 

and the ILL. was held on 20-22 March. 

Twenty-four participants from external 

laboratories joined the ILL/ESRF' simu­

lators and developers to share recent 

advances and compari sons. 

There were updates on the two princi­

pal European packages. McStas. origi­

nally developed at Ris0 and now strong­

ly supported at the ILL. was presented 

by Kim Lefmann (Ris0) and Emmanuel 

F'arhi (ILL). Geza Zsigmond (HMI) and 

his co llaborators presented features 

SINS-II Group Pholo. 

from the most recent version of VITESS. 

Luke Daemon presented a new trea t­

ment of Neutron Polari za tion within 

the LANSCE package NISP. Thi s ele­

gantl y avo id s numeri ca l in stab ili ty 

through simplistic brute-force treat­

ment of neutron spin precess ion. 

All three packages are in regular use 

by the groups developing new instru­

ments for the American SNS centre. 

Their presentations ca refully compared 

results. which cross-va lidated all three 

packages . As each has its strengths. 

these groups often use more than one 

for different aspects of the beam-line 

design. Materials and cross-section 

databa se utiliti es (Sa nchez de Rio -

XOP/NOP) were also helping designers 

of optical components. 

Recent results from other participants 

showed off the range of instruments 

wh ich could be improved by redesign. 

A number of projects were presented 

for upgrading the ILL inelas tic spec­

trometers (IN5. IN16), resulting in con­

siderable flux ga ins at the sample. New 

instruments at the ILL and the Munich 

F'RM2 reactor were presented. 

During the informal demonstration ses­

sions th e developers hacl to bea r some 

criti cism on installation problems. but 

th ese problems are becoming rarer. 

The sess ions offered an opportunity 

for the three different approaches to be 

compared. 

Although initial beam-line design appe­

ars now to be trea tecl very consistently 

between the packages. there is increa­

sing interest in developing sample (and 

environment) sca ttering models to com­

plete experim ent simulation. Further 

cletails can be found on the conference 

web site http://www.ill.fr/ tas/mcstas/ 

workshop0203. 11 tm I. 



6th European Summer School 
on Scattering Methods Applied to Soft Condensed Matter 

Based on the positive experi ence 

with 5 previou event (1990, 

1992, 1996, 1998 and 2000), lhi 

year's "Bombannes" chool was held 

from 26 May to 1 June. aga in at the 

vaca tion centre "Les Bruyere .. in the 

pine tree fores t between Lake Hourtin 

and the ALian Uc Ocean in Ca rcan-Mau­

bui s ·on. France. 

The School brought toge ther 14 teachers 

and 38 post-graduate and pos t-docto­

ral students with 15 different naliona­

li tie . The maximum of the age distri­

bution of th e student was 27 years. 

Sca ttering methods. using neutron. X-ray 

or light ources. arc key techniques to 

study Lructu re and dynamics in sy -

terns contain ing colloids. polymers. sur­

factants and biologica l macromolecules. 

With a total scientific programme of 

35 hours, th e a ademic aim of th e 

"Bombann es·· school is to in troduce on 

a fundamental level th e current metho­

dology of tatic and dynamic sca LLe­

ring technique and their applica tion Lo 

•• oft matter" sys tem . 

In the course of the week 25 hours of 

general lectures were given by the team 

of 14 European expert in the field of soft 

conden ed mauer. The lec tu re were 

divided in to two part : an introductory 

ses ion during the first half of th w ek 

covered the areas of general in troduction 

to ca LLering experiments. ba ic con­

cept of data trea tment. the notion of 

Sa iling preparations: From the lel't. Caroline Ericsson (U Lund) and Cecile Dreiss (Impe­
rial Co llege, London) were raster with dressing. Ronny Vavr in (U Fribourg) needs the help 
or Roland May (ILL Grenoble) to fasten the wetsuit. 

contrast. general theorems. instrumen­

tation and resolution effec ts. In the 

second half of the week. applica tion s or 

static and dynamic ca ttering techni­

ques Lo inves tigate typica l soft matter 

system such as co lloidal suspensions. 

microemulsions. micelles and surfactant 

olutions. polymeric and biological sys­

tems. turbid suspensions as well as the 

use of scauering technique in chemica l 

industry were presented. 

A particularly ucce sful fea tu re of the 

··Bombanne .. chool is the combination 

of the general lectures with the compul-

ory oral contributions given by the 38 

student during the evening after-dinner 

sessions during the week. These contribu­

tion are training for the students LO pre-

ent their specific fields of research ( I 0 

min each) and provide a forum for discus­

sion and exchange of experience when 

using complemenl.ary experiment.al melhcx:I . 

Full-boa rd accommodation of all par­

ticipants on a remote site. th e pre-

ence of the lec turers for the whole 

week and the possibili ty of the common 

ai ling activity during the afternoon 

fac ilitated contact between teacher 

and tudents and helped to e tabli h 

rapidly an open discussion atmo phere. 

ATI "Bornbannes" lectures have been edited by P. Lindner and T. Zemb and published in October 2002 

as the int roductory textbook "Neutrons, X-rays and Light: Scattering Methods Applied to So~ Condensed 
Matter" in Elsevier\ North-HoTiand Delta series (Amsterdam, 2002). 

http:/ / www.ill. f r/Events/bombannes/ 2002/ bombannes2002.htm1 

Joint I LL-ESRF Conference on Materials 

From 1 LO 3 August the ILL and ESRF 

orga nised a joint satellite meeting 

to the IUCr Geneva Congre s entitled 

"Cry Lal Chemi try of ew Materials & 

Soft Matter Studied by Synchrotron & 

eutron Diffraction·· . eutron & Syn­

chrotron diffrac tion have been essential 

for the under tancling of new materials 

- hard magnet . uperconductor . CMR 

materials, zeolites and so on. Large 

position- ensitive detectors. image pla­

te . focuss ing optic . polari zed beam 



and new software are all being develo­

ped rap idly, opening up new opportuni­

ties for chem ists, physicists & biolo­

gists in terested in re lating the proper­

ti es of materials to the ir structure. This 

workshop highlighted some of this new 

science. and the techniques that have 

made it poss ible 

A tota l of 87 participants registered for 

t11 e meeting, from Australia, Denmark, 

France. India. Germany, Great Britain , 

Japan . the ether lands and the United 

States. Other partic ipants from ILL ancl 

ESRF attendee! some of the 30 lectures, 

on subjec ts as dive rse as charge order. 

spin-ladders. higl1 pressures. real-tim e 

chemistry. supra-mol ecular materials. 

clathrates and zeolites. quasi-crysta ls 

and nano-materials. Th ere we re also 

session s on materials engineering and 

John and Lu cy Stride (ILL and ESRF. 
respectively) at Lile posters and wine session. 

new imaging and detec tion techniqu es. 

The standard of lec tures was very high, 

while at the same time at a leve l sui t­

able for non-spec ialists. The lectures 

were orga ni sed in the ILL amphi thea­

tre. with a similar number of posters dis­

played in the ESRF' mezzanine. accom­

pa nied by refreshments. A reception 

buffet was provided in the ESRF-ILL 

restaurant. with the conference dinner 

the following evening in the Chateau de 

la Commanderie. On the Su nday fo l­

lowing the 3-day meeting. coach tran s­

port was organised to take some of the 

participants to Geneva. while others 

enjoyed a hike in the Chartreuse moun­

ta ins. or a tour of the Beaujolais vine­

ya rd s: the quantity of wine sa mpled at 

the var ious ce llars and brought back 

on the coach was very impressive, as the 

pl1otos revea l. We are grateful to our 3 

generous sponsors, Bruker Noniu s. 

INEL and AZ-Systemes. 

Altogether a very enjoyable and instruc­

tive meeting, demonstrating in a ve ry 

practica l way a happy synergy between 

the neutron and synchrotrnn diffraction 

co mmuni ties, and especia lly between 

ILL and ESRF. 

The programme for the meeting, with many photos of the participants, is available on http:/ / www.ill.fr/ dif/ iucr/. 

Bridging the gap between model systems 
and real systems in molecular science 

I n molec ular sc ience. small er 

("m oclel") sys tems with a limited 

number of degrees of freeclom allow 

more prec ise meas urements of 

structure and dynamics compared to 

bigger ("rea l") sys tems Th e sa me 

statement is true for numeri ca l model­

ling of molec ules in condensecl matter 

since ab initio (quantum chemi stry) 

meth ods ca n be app li ed to small er 

sys tem s. Recently it l1 as been demons­

trated tha t a uniquely clea r and detai­

lecl insight into th e structure and dyna­

mics of condensed matter systems 

can be obta ined by combining neu­

tron sca ttering and numeri ca l inves­

tigations. A European Science Fou n­

dat ion Exp loratory workshop (ESF') 

therefore brought together 23 experi-

menta lists and computational experts 

to in ves tigate the poss ibiliti es of "pas­

sing-up .. information and techniques 

from model sys tems to rea l sys tem s 

and of defining model sys tem s that 

are relevant frac tions of rea l sys tems. 

Rea l systems could be broad ly ca tego­

ri sed as being of biologica l or tec hno-

logica l interes t and are often polymeric. 

A number of key points emerged from 

the presentations and many li ve ly dis­

cuss ions. 

• Numerica l modelling techniqu es, in 

particular molecular dynam ics (MD), 

gives a micrnscopic description of sys­

tems of almost any size. Using force 

Parti cipants in the ESFworkshop (L'ecole de physique. Les 1-l ouches. Chamonix. France ). 



fields. several hundred thousand atoms. 

for example proteins in so lution can be 

imulated for tens of nano econds on 

typical PC clusters. Whether or not an 

accurate understa nding is obtained 

depend on the va lidity of the force field. 

• Single ab inilio ca lculations can also 

be performed on several hundred thou­

sa nd atoms using linear sca ling tech­

niques. although an extensive seri es of 

ca lculations would be limited to about 

one thousa nd atoms. Thi size of sy -

te rn correspond LO small proteins and 

compact structures of DNA. 

• One way of passing information up 

from model to rea l systems is to optimise 

the description of force fi elds. first 

against ab inilio ca lculation s and then 

aga inst experimental data. Th e large 

number of atom that can now be trea­

ted by ab initio methods gives conside­

rable scope for defining model sys tems. 

• Experimentally.measurements should 

discriminate between different numerical 

models. F'or example. MD simulations 

tend to reproduce accurately quasi-elas­

tic neutron sca ttering data. but inelastic 

measu rem en LS of low Frequency collective 

excitations are less well reproduced by the 

same simulations. limiting their validity. 

Neutron Reflection: 

• Wh en considering more complex 

model molecular structures. crystalli ­

nity and short-range order become key 

parameters. Polymer fibres offer a high 

degree of crys tallinity and interesting 

po ibilities exist in this context for 

working on D A and related polymers 

and oligomers. 

To summarise. the "value" of experi­

mental data is maximised by experi­

mentalists and computational expert 

work ing together. 

Collaborations will be pursued between 

participants and promoted in further 

meetings and workshop . 

Progress in the study of interfaces (REFILL) 

T:1e workshop - held at the ILL on 

J ~4-26 October - gave an outstanding 

demonstration that eutron Reflecti ­

vity is providing important answers 

well-beyond imple depth profiling of 

layer-thicknesses and compositions at 

interfaces across a range of problems 

from biophysics to thin-film devices. 

An introductory se ion for newcomers 

to the fi eld was held on the day prece­

ding the main meeting. F'or the main 

workshop there were 51 contributions. 

including 19 posters from the 64 regi -

tered participants from around the 

world. 

Determination of refl ec tion curves is 

now sufficiently routine that often on ly 

Bob Cu bill describes EVA's features during 
the REFILL introductory session . 

the interpretation is displayed. How­

ever area detec tor data have advan­

tages in revea ling anomalous sample 

effec ts. such as roughness. directly at 

the time or measurement. as well as 

providing simultaneous measurement 

of background. 

It is impossible to review all contribu­

tions. New instruments were presen­

ted. and new insight on instrum ent 

resolution and neutron coh erence 

length was offered in theoretical pre­

sentation s. To give an id ea of the 

breadth of fields represented. the num­

ber of talks/posters can be summari­

sed: for model membranes and bio­

phys ica l sys tems: 9/7, for urface che­

mistry: 6/4, and magnetic layers and 

nano-s tructures: 6/4. Many studi es 

involved complex multicomponent or 

multilayer tructures. 

Interest is growing in all fi eld s. to 

include off-specular sca tterin g and 

consequent information on in-plane 

tructure and geometry (notably on 

magnetic domain wall s) and even ine­

la tic effec ts. Increasingly, now that 

layer structures have been characte­

ri sed. studies are being pursued with 

kinetic measurements. or cyc lic ma­

gnetization experiment . following hy -

teresis effects. 

on-equilibrium y terns include the 

newly formed air/ liquid interface be ing 

studied in a flow cell where the surface 

was renewed continuously. Vi sco-elas­

tic properties of bilayers are being 

examined as affecting transport proper­

ti es through bio-membranes. Electric 

properties of bio-sen ors. organic thin 

film devices, and GMR. and self-a em­

bly of nanostructures show the proxi­

mity of these refl ec tion studies to the 

industrial world. 

Thi s timely meeting successfully mar­

ked th e maturity of th e technique. A 

notable conclu ion is that th ere will 

be increas ing pressure on the ava i­

lable instrument time for a vibrant 

community tackling a wide range of 

problems. 

Contri butions from the REF! LL meeting 
have been submitted to Langmuir 

to appea r in a special issue in 2003. 



Symposium in honour of Anton Heidemann 

Anton Heidemann lert the ILL in 

May 2002. after 30 years of acti­

vity at our In Li tut. He wa one of the 

many thesis tudents or Maier-Leibnitz. 

who supervi sed his th esis on the back­

scattering method in Garching. Indeed. 

Toni was one or the pioneers of this 

technique, and he has contributed enor­

mously to its development almost rrom 

the beginning or the ILL. where he arri­

ved in Lhe ea rl y seventies ror a sabba­

ti ca l. 

He developed and commiss ioned th e 

co ld neutron back-sca ttering in stru­

ment IN'IO. on wl1ich he conlinued as 

instrument responsible when he wa s 

employed by the ILL in 1975. 

l•'rom 1976 Lo 1983 he held the ro le or 

Group Coord inator of Lh e so-ca lled 

"Vcrcors Group" (equiva lent to today·s 

Time-or-flight and Large Sca le Struc­

ture groups) . In the eighties he deve­

loped and commi ss ioned another new 

instrument. th e therma l neutron back­

sca ttering pec trometer IN13. and he 

lecl th e in strument as l'irst respon sible 

until 1984. when he left ror a sabbati ­

ca l year at the Brookhaven aLional 

Laboratory, during which he develo­

ped a triple-axis bac k-sca ttering spec­

trometer. 

Back at the ILL in 1987. Toni took over 

more general runctions: he was fir t 

appointed Head of the Instrument Ope­

ration Departmen t EDEX (including 

Sample Environment, Instrument tech­

nicians. Central Service. site and buil­

ding maintenance). and subsequently 

Head of the Instrumentation Branch of 

the Projects ancl Techniques Divi sion 

(DPT) in ·1993. In 1998 he was promo­

ted Deputy to the DPT Direc tor. a posi­

tion he held until his retirement. 

'lbni had many scien tific interes ts. wit­

nessed by some 125 sc ientific papers 

publi shed since 1968. His papers focus 

mainly on the applica tion s of nuclear 

spin-dependent high resolution inelas­

tic neutron sca LLering, but also on the 

u e or high resolution neutron spect­

r'oscopy to sLUdy hyperfine interactions 

and plia se transitions and the tunnel-

Werner Press says goodbye LO Toni during 
his leaving pol. 

ling motions of small groups (CH:i. CH ,. 

NH/, etc) . 

To thank Toni for his technica l and 

sc ientiric contributions. the ILL held a 

Symposium in his honour on 29 Novem­

ber. Th e meeting included invited pre­

sentation s and it was closed by Toni's 

remarks and anecclotes. 

Toni will be missed by many or us at L11 e 

lnstiLUt: we all wish him a long and 

peace rul moonlit retirement and we 

hope to see him back often at t11 e ILL 1 

Workshop on the perspectives 
in Single Crystal Neutron Spectroscopy (SCNS) 

More than 80 scientists ga thered 

together for a workshop on L11 e 

perspectives in Single Crystal Neutron 

Spectroscopy (SCNS) held on 12- 14 

December at the ILL. Experts in both TAS 

and TOF' instrumentation as well as con­

densed matter and material science con­

tributed LO the meeting. which was orga­

nised jointly by the ILL and it co llabo­

rating research group of the CEN G re­

noble and the F'Z Jiilich. The workshop 

al o got a support from the neutron 

Round-table and the City of Grenoble. 

The scope of the meeting was to discu ss 

Lhe new scientific opportunities for the 

study of excitations in condensed mat­

ter·. which ari se rrom recent develop­

ments in in strum entation at both 

reactor-based and spallation neutron 

sources . Th e comprehensive pro­

gra mme rerlected Lhe symbiosi s of 

instrumentation and sc ience in the 

fi eld. Some papers focussed on Lh e 

scientific challenges in magnetism, lat­

tice dynamics, unconventional super­

conductiv ity and low-dimensiona l sys-

tern s. Other contributions coverecl ins­

trum ental aspects. including wide­

angle PSD's. inelastic spin-echo Lech­

n iques . in strum ent simulation s and 

sc ience modelling. Christian Vettier. 

sc ientit'i c direc tor or the ILL. pointed 

out that ··this meeting was timely - in 

view of lhe new inslrumenlalion efforts 

al existing sources and also al new 

spalfalion sources - and provided a 

comprehensive review of the scientific 

cha l!Pnges in this aclive and impor­

tant field ... 



Unsung heroes and heroines 

The ILL team \ hlch parliclpatcd in the 
run ror U1 • lichallon I lo pltal's lck chil­
dren In December! 

Our ladles In the Lran lallon service: 
and u an ·nnnl wood. 

Bernadette Mallas I. ecretar or Lile o-
cial F'rench Dir ctor. will lea e u in Ma 
2003 after 32 years in our lnstitut. 

Oa 15 December. Jacqu Ita lia (HealUl Ph sl i l at the ILL) wa 
elected pre iclent or T R (A ociatJon for radioprotccuoa techni­
que and science ). TSR' objectiv I to link p opl prore ionally 
interc led in Ionising radiation 's problem and techniques. T R 
m •mb · r arc al o per onally engag d in education programm 
I it the T R' w b site at t ~v.atsr-ri. com. 
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The ILL's instrument suite (December 2002) 

DI A (50%) 

D28 
D3* 

D4* 
D7 

D9* 
D10 

D11 

D16 

D17 
D19 

D20 
D22 

INt* 
IN3 

1N4 

IN5 

IN6 

IN8 

IN10 

INI 1 

IN14 

IN16 

IN20 

PF1 

PF2 

PN1 

PN3 
Strain lmager 

VIVALDI 

* hoL neULron s ins1.rum enLs 

ILL's instruments 
powder diffractometer 

powder diffractometer 

single-crystal di ffractometer 

liquids diffractometer 

di ffuse-scattering spectrometer 

single-crystal diffractometer 

single-crystal diffractometer 

small-angle scattering di ffractometer 

small momentum-transfer diffractometer 

reflectometer 
single-crysta l diffractometer 

powder diffractometer 

small-angle scattering di ffractometer 

three-axis spectrometer 

three-axis spectrometer 

time-of-flight spectrometer 

time-of-flight spectrometer 

time-of-flight spectrometer 

three-axis spectrometer 

backscattering spectrometer 
spin-echo spectrometer 

three-axis spectrometer 

backscattering spectrometer 

three-axis spectrometer 

neutron beam for fundamenta l physics 

ul tracold neutron source for fundamental physics 

fi ssion product mass spectrometer 

gamma-ray spectrometer 

residual stress di ffractometer 

thermal neutron Laue diffractometer 

Jointly funded instruments 

DB21 (50%) single-crystal diffractometer operational CT1,CT2 
(EMBL) S42 

LADI (50%) Laue diffractometer operational T3 
(EMBL) 

operational T13A, T13C 
JN15 spin-echo spectrometer 

(F'Z Jiilich and HMI Berlin) T17 

CRG instruments 
D18 powder diffractometer CRG-A 
INl 3 backscattering spectrometer CRG-A 
ADAM refl ectometer CRG-8 
BRISP Brillouin spectrometer CRG-B 
D15 single-crysta l di ffractometer CRG-B 
D23 single-crystal diffractometer CRG-B 
EVA refl ectometer CRG-8 
I 12 th ree-axis spectrometer CRG-B 
IN22 three-axis spectrometer CRG-B 
S18 interferometer CRG-C 

operational 

operational 

operational 

oper ational 

operational 

operational 

operational 

operational 

operational 

operational 

operational 

operational 

opera tional 

operational 
opera tional 

operational 

under reconstruction 

operational 

under reconstruction 

operational 

operational 

operational 

operational 

operational 

operational 

operational 

operational 

operational 

under construction 

operational 

Test beams 
detector test facilities 

Laue-crysta l alignment facili ty 

neutron optics test facility 

monochromator test facili t ies 

cold neutron test facility 

operational (CNRSJ 

operational (INFM 1r.a1yJ 

operational (/Jochum University/ 

under construction flNFM 1w 1yJ 

operational (CEA Grenoble/ 

operational (CEA Grenoble/ 

operational (A1PI s wt14art/ 

operational (FZ Jiillch/ 

operational (CE:A Grenoble) 

operational (Atomlnsutut Wien) 



0 Reactor core 

tj--- Hot neutrons 

~ Cold neutrons 

Thermal neutrons 

PN3 

Reactor ha// 
Level C 

ILL's instruments 
Jointly funded instruments 

CRG instruments 

H22 

filled in: operational 
open: commissionning 

or under construction 

6 Three-axis group 

D Diffraction group 

.L'.'.J Large-scale structure group 

~ Time-of-flight / high resolution group 

Q Nuclear and particle physics group 

■ Test and other beam positions 

[!] 
Reactor hall 

Level D 

CTt T13C 

Guide ha/11 (ILL7) 
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Four and a half cyc les - co rres­

ponding LO 225 operating days ­

we re originally scheduled for scienti­

fi c work in th e yea r 2002. Th e sche­

dule for th e first three cyc les was res­

pec ted. , ith any Lim e los t clu e to 

unscheduled shutclowns being made up 

at th e encl of th e cyc le in ques tion. 

During th e planned shutclown between 

cyc le 132 - 133 , a water leak wa 

cletcc tecl on th e 11 8 beam tube whi ch 

reeds Lil e instrument I 1l ancl D4. 

Th e beam tube. whi ch is rec tangular 

in cross-sec tion. was removed and 

in spec ted visual ly and by using a 

revea ling dye. Th e ol)se rvation rr ­

vea lccl a cra ck of several centimetres 

along th e lieam Lube. We believe th at 

Lil e crack wa s clue Lo excess ive cyclic 

stre s of L11e llca m LUbc and iL wa s at 

Lile origin or L11 e water leak. The design 

of L11c 11 4 (feeding D3) and 113 (feeding 

D9) lwam Lubes i i<lenLi ca l. and as a 

preca utionary measure we dec ided LO 

I'emove the c l)ca m tul)es as well. 

Acco rd ingly. Lill' in struments D9 and 

1)3 were removed and th e 11 8. 11 4 and 

11 3 IJ ea m Lubes were closed orr in 

SC'ptembcr. 

Tlianks to L11 e crrorLs or those conce r­

ned (sc icnti ts. engin ee rs and Lechni­

cians of th e Projec t & Technique and 

Reac tor Di visions) we were able Lo 

1'eschedulc a co mplete cyc le before Lhe 

close of 2002. resulting in a total or 200 

days of reactor ope ration in th e year 

with a loss of only 25 days compared 

LO the initial schedule. 

Th e meeti ng or the "Groupe Penna­

ncnl'· res ponsible for th e per iodic 

sa fety review or the I !FR and c!ctritia­

Lion fac il ity took place on 2 t,,,Jay 200 2. 

Reactor operation 

Start of End of umber Number Number of 
Cycle 0 ° cycle cycle of days of days unscheduled 

cheduled of operation shutdowns 

130 05 02 02 27.03.02 50 50 I 

131 16.04.02 05.06.02 50 50 0 

132 20.06.02 13.08.02 50 50 2 

133 16 1002 07. 12 02 50 50 2 

J-/alf a cycle (25 days) cancelled because of a leak in lhe 1-18 beam lube (see text for details) 

lbla l 

Table 1: Reactor operation in 2002 . 

Although Lil e enti re in stallation l1a s 

been rev iewed. th e main focus of til e 

exa mination and its repercuss ions 

co nce rn s th e se ismi c behav iour or 

Lile civil engin eering structures. inclu­

ding th e reac tor bui lding and inLer­

acLion s wiLl1 surround ing strucLures . 

In orcler to cl eal with th e issues rai ­

secl by th e "Groupe Permanenl .. , Lil e 

ILL se t up a new structure known as 

Lil e "Rel'il. Management Committee" 

(RM C) . whi ch con sists or enginee rs 

and technician s either with an ILL 

statu s or sub-conLrac LC'cl Lo Lil e In sti ­

tute. Th is tec hn ica l suppol'L group is 

auac lwcl LO Lil e II,L i'vlanagcmcnL ancl 

works in close co llaboralion with th e 

Reactor Di vision staff. Tliererore. Lhe 

II ,L is co mmitLccl LO a 3-yca r ·refi t' 

programme (sec page 140 for cleLails). 

and as a re ulL of th e modifi ca tion 

ancl upgrades envisaged clur ing thi s 

period LO Lile reac tor ancl deLriliati on 

fac ilities. we ca n be co nfident or th e 

long term operation prospec t for t11 e 

in stallation. 

In vie,, or th e sca le or Lile work to be 

undertaken. the ILL will reduce Lil e 

number of reactor cycles from 4.5 clown 

Lo 3 cycles pe r yea r cluring Lhe next 

three yea rs. Neverll1eless. every efforL 

will be macl c LO offer a larger frac tion 

or L11e available beam Lime Lo our users. 

compared Lo what was ach ieved before. 

200 200 '-1 

In addition Lo Lil e remova l of Lh e th ree 

beam tubes 1-1 3, 1-14 and H8. Lil e most 

important work carr ied ouL Lil i year 

involved: 

• th e replacement of the 1-112 beam 

tube and or th e three transformers 

or th e secure elec tr ical supply: 

• th e upgrading or Lhe control sys tem 

and auxiliary insta llations of th e hot 

source: 

• and Lile upgrading or Lile con Lro l sys­

tem of th e emergency air lock on 

level C of Lile reac tor building. Six 

fuel elements were scn t ror reproces­

sing Lh is yea r. 

The cl etritialion fac ility was shut clown 

on 8 Novembe1· 2000. No tritium was 

proclu ced or despatched this yea r. The 

cleLritiaLion fac ility maintenance ca m­

paign is drawing to a close. One impor­

tant programm e in vo lving L11 e repla­

cement or all th e pressure senso rs 

and temperature cl etecLOrs and th e 

as oc iaLed explos ion-proof systems 

has been co mpleLecl. All th e pressure 

relief va lves of th e Lriti ated deute­

rium circuit have been re placed. Th e 

deuterium recompress ion installation 

or th e cl etr i ti aLion fac ility and th e 

I-IF'R' co ld sources has been comple­

tely o, erhau led. 

A new ca mpaign for the detritiation of 

th e I IF'R's heavy wa ter will begin in 

mid-J an uary 2003. 



Tiie ILL User Support assists all 

J ~ur use rs. If you are coming to the 

ILL to ca rry out exper iments. the se r 

Office i here Lo give you the organi a­

Lional and admini tralive upport you 

User operation 

, ented in a user rrienclly environment. 

After having logged in with yo ur own 

personal identifica tion 1. you will accc, 

direc tly all th e avai labl information 

which concern you. sers with par-

"atja .Jenkins (left) and Diana Dijoux. part or the SCO team! 

need for the successful operation of 

your expr.rimcnts. euLron bea m. ancl 

instrumrnt facilities are free of charge 

for u ers of accepted experim ent ·. 

Scientists affi liatecl to the ILL member 

countries will also. in general . be assi -

tccl with nece sa ry travel ancl dail y 

subsisten ce for a limited period. The 

scr Sur)l)orL Team make all arrange­

ments for accommodation ancl tran -

port ancl will rirocc s claims for expen­

ses after yo u have compl eted your 

experiment. 

The ILL Visitors Club 

licular respon ibililics have riri ile­

gecl accrs • to othrr tool s. accorcling to 

Lhrir ro lr. Thr 11,1. Vis itor. Club inclu­

rles the r lec tronie proposa l ancl ex pe­

rimental reports submiss ion pro eclu-

res and makes ava ilable add itional 

se rvi ces on the web. such as acknow­

ledgement of rece ip t. ·ubcommittee 

resu lts. u er al isfa ction form s and 

so on. 

Moreover. wr are in the proce s of 

introducing an Eleclronic Peer Review 

or tile proposa I su bm i Ltecl LO the I LI.. 

with a new applicalion within the Visi­

tors Club. which u e a \\'eb-based 

interface to the SCO Oracle clatabasr. 

Proposal submission 
Th ere arc three different ways or sub­

miLLing a proposal to the ILL: 

• . tanclard ubmis ion of a research 

pro po. al - twi ce a yea r (in the first 

& third quarters). 

• fa ·L acccs • Lo th e I I.I. beam Lime -

twice a yea r (in the second & fourth 

quarters). 

• Direc tor' di sc retion lime (DDT) -

no lime restrict ion. 

Special access for proprietary resea rch 

ancl industrial use rs is also possiblr. 

All administrative Looi for 

our sc ientifi c vi itor arc 

now grouped togeth er and 

direct! acce sible on th e 

web. thanks to the Visitors 

Club. All information is pre-
The lsitor Club hot-line is here to a, sist all u ers in all computer and server hitches. 
Prom Lile left. Pranek Fcstivi. Sylvie Pcrroux and Jean Poubert. 

I - If you have submiued a proposa l to Lhc ILL from 1908 onward . you have bren aulomaticall r<'gist(' rrcl 
in tlH' VisiLors ClulJ and received an e-mail wiLh your pcr·sonal uscrnamc and password. If not and you wish 
LO join the ILL Vis ilors C: luh. you ca n rrgisLer on Lhr ILL web site or clireclly at hLtpJ/vitraill.i ll.fr/e1/. 

Extensive informati on about the ILL, its faci­
lities and application for beam-time is availa­

ble on our web-site (at http://www.ill.fr/l. 
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In 2002. a common 1/.,L,//..,'MBL dculf­

ralion labomlo,:vhas l>C"cn made avai­

lab le to external usC'r •. The aim of th C' 

lailoraLory is Lo provide a focu s for 

l•:uropcan scic'nli sLs wi, hing Lo make 

LhC'ir own dcutC'raLccl materia ls for neu­

tron scattC"r ing or NM R experiments. 

Information about the ava ilabil ity of 

this facili ty for externa l u ers is given 

on the ILL web-site (http://www.i ll.fr. 

Users & Science . user Information. 

Proposa l SulJmi ssion). PIC'ase co ntact 

th llcacl of the DeuteraLion l•'ac ili t . Dr 

1ichael llartlcin (haerLle in@ill.fr) for 

further details. 

Submission of a standard 
research proposal 
J\pplications ror br.am Lime should be 

suhmiLLed electronica lly. via our F.: lec­

Lronic Proposa l Submi ssion sys tem 

(1-: PS). ava ilable on Lhe VisiLOrs Club 

wel1-sitc. I roposals can l1e submiLLed 

to th C' ILi. twi ce a yea r. aL Lhe end of 

l•'ebruary and SC' pLembcr. The web sys­

Lem is activated two month s before 

each rleacllin e. 

Subm iLLecl proposa ls are clividecl amongst 

the diffcrC'nL co lleges (see indenL). accor­

ding LO Ll1 eir main subject area. 

Proposa ls are judged by a Peer Review 

Co mmiLLee of Lhe Subco mmiLLees or 

th e 11 ,L Sc ientific Council. SubcommiL­

Lec members are speciali sts in relevant 

Brigitte Aubert organ I es the Subcommit­
tee Meeting . held at the ILL in Spring 
and Autumn every year. 

area of each College and th ey eva­

luate the proposa ls for scientific merit, 

assigning priorities and beam time Lo 

accepted proposa ls. 

Before the meeting. the subcommiuee 

receive a Report on the Lechn ica l fea­

sibility and sa fety of a proposed expe­

riment from th e appropriate College 

at the ILL. 'l\vo proposal review rounds 

are held each yea r. approximately six 

weeks after the dead-line for submis­

sion of applications. 

Th ere are normally 4.5 reactor cyc les 

a yea r each. or wh ich lasts 50 days. 

Accepted proposa ls submitted by F'e­

bruary wil l receive beam time in the 

The ILL scientific life is organi ed into 10 colleg s: 

College 1 Instrumentation 

College 2 Theory 

College 3 Nuclear and Fundamental Physics 

College 4 Structural and Magnetic Excitations 

College 5A Crystallography 

College 5B Magnetism 

College 6 Structure and Dynamics of liquids and Gia ses 

College 7 Materials Science, Surfaces and Spectroscopy 

College 8 Strucwre and Dynamics of Biological Systems 

College 9 Strucwre and Dynamics of Soft-condensed Matter 

Andrew Harrison (University of Edinburgh. 
left) and Herve Jobic (CNR. Villeurbanne), 
joined the ILL Scientific Council in ovem­
ber 2002. 

second half of the yea r and tho e sub­

mitted by September. in the first half 

of the next year. More detailed infor­

mation on application for bea m-Lime 

and dead-lines are given on our web­

s i Le at http://www. i I I.fr/pages/science/ 

User/U Proposa ls.htm. 

Submission of a proposal 
by the Fast Access route (FAST) 
To be more responsive Lo use r needs 

where appropriate and where possible. 

the ILL had in troduced in F'ebruary 

2001, Paster Access Spec ial bea m 

Tim e (FAST) on spec ifi c instruments. 

Thi s covered sc ientific areas where 

fast response time was a crucial point. 

Th e bea m Lim e made ava ilable for 

FAST access was during the period of 

February-March and August-Sep­

tember. Th e id ea was Lo crea te 2 plus 

2 submiss ion dead-line which were 

broadly speaking separated by three 

months. Til e Pa st Access mode com­

bined peer-review. conl'idenLiality and 

short delay Lime between submiss ion 

and beam time alloca tion . Resea rch 

proposa ls were submitted through the 



web: internal review and peer-review 

assessment by the appropriate Sub­

co mmiLLcc was also co nducted elec­

tronica ll y. The delay time between th e 

proposa l submiss ion and the running 

of experiments was of the order of two 

months. 

I lowever. from the beginning it was 

clear that F'AST acce s was not over­

wh elm ing. De pile publicity aimed Lo 

improve thi s situation. only a moderate 

number of proposals was received. In 

addition. at the Scientific Council mee­

ting in April 2002. ser ious conce rn 

was expres ed by a number of College 

Chairmen that not only wa s the num­

ber of proposa ls low, the overall qua­

lity was not judged to be equal LO pro­

posa ls submitted to the normal rouncls. 

As a result. th e ILL Management has 

decided that the proceclu re will be dis­

continued as rrom 2003. 

Submission of a proposal to the 
Director's Discretion Time (DDT) 
Thi s option allows a resea rcher to 

obta in beam time quickly. without going 

through the peer-rev iew procedure. 

DDT is normally used for hot top ics. new 

ideas . feasibi lity tests ancl to encou­

rage new use rs. Applications ror Direc­

tor's Di scretion Time ca n be submiLLed 

to the Heacl or the Science Division . 

Dr. Christian Vettier. at any Lim e. How­

ever. to offer a larger frac tion or the 

I 
6% 

22% 

Others 
15% 

Figure 1: National an1 1iation of ILL users 
during 2002. 

avai lable beam time Lo our users. DDT 

will be suspended during th e 3-yea r 

.. re fit .. programme (sec page 130). 

Access for proprietary research 
and industrial users 
The I LL's mi sion is to provide neu­

trons for both public and industrial 

resea rch. Our Industrial Liaison and 

Consultancy Group (ILC) ensures rapid 

acce and total co nfidentiality to 

industria l compan ie . and provides a 

specialised taff. The ILC Group is in 

fact composed of cienti ts with con­

siderable experience and expertise in 

neutron techniques applied to industrial 

R&D. and it facilitates and co-ordina­

tes all aspects of industrial R&D at the 

ILL: initial enquiries. contractual ques­

tion . planning, experimental opera­

tions. All industrial research program­

mes are connclential and can be orga­

ni sed at shorL notice. To apply for pro­

prietary beam Lime. please contact the 

I LC at indu try@il Ur or consult the 

web site under http://www.ill.fr. Indus­

trial Use. 

A summary of the industrial experi­

ments performed in 2002 is given on 

page 138. 

Experimental reports 
User · are askccl LO comI lete an experi­

mental report on the outcome of their 

exper iment . Th e submiss ion of an 

AUT CH CZ 
1% 3% 0% 

F 
25% 

E 
5% 

experimental report is compul sor~ 

when applying ror beam lime for c1 con­

tinuation proposa l: railurc in cl oing so 

may in fact lea cl Lo rejec tion. 

All ILL ExperimenLal Reports arc no\\ 

software-archived ancl acccss ilJle ,·i21 

th e web server as PD I,. fil es (u ncler 

http://www.ill.fr. Publica tions). You can 

sea rch a report by expr, rim enLa l num­

ber. instrument. college. el ate or expe­

r iment, Litle. experim ental team or 

loca l contact. institute. 

The ILL welcomed 11 53 users in 2002. 

Approx imate ly 850/o came rrom the 

member countrie including 276 from 

Pran ce. 209 from Ge rmany and 243 

from the UK (figure I). Many of our visi­

tors were received more than once. 

Feedback from our Users 
We va lue feecJback from our user c1s 

an ind icator of how we ll ou,· facility is 

fu lfilling their ncecl s and to initialc 

action s when thi s is not the case. 

Th erefore. thi s yea r we hav<' agc1i n 

organi eel two User Forums. in June 

and in ovember. Users who are on-site 

that clay are invitee! Lo an informal 

mee ting with th e ILi , Dif'l'CL0 l'S. Lill' 

ser Support Ollicc and Group LC'aclcrs 

of both the Sc ience and L11e Pro ject 

and Technique Divisions. Th e objecti, (' 

is LO obta in important reeclhack on till' 

quality of the instruments ancl ervices 

at the ILL. 

We very much appreciate the enthu­

siasm ancl co-operation or our users in 

giving their views. on such topics as 

instrum ent upgrad ing and implemen­

tation, new sa mple environment and 

instrumentation. quality or the Res­

taurant and th e Guest House. and so 

on. Every effort will be macle to implc·­

ment suggest ion s. 

Experimental reports for experiments performed in 2002 are included in the attached CD-ROM. 
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Scientific support 

Technical service support 

User office support 

Reception 

Instrumentation 

Sample environment 

Instrument control 

Detector reliability 

Preparation laboratories .. 
Data reduction programmes 

Out of Hours support 

Electronic proposal submission 
•~!111!!!!!"!1!1~ ~ - ~~~~~ ~ !!!!!!!!'!"!!~~~-!1.~~ ,.. ..l t 

Accommodation 

Restaurant ' 
~ . 
l 
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Source reliability• 

0 20 40 60 Bo 100 % 

Figurr 2: User salisfaclion surve) resul ts () ear 2002). 
• Tile sourer rl'liahlli ty has bC('n ca lC'ulalr rl rrom Tallie I . 

The present system of User Feedback 

Forms. now rlealt with elec Lronica ll y, 

is anoth er measure of ga th ering L11 e 

opinion of our users in order to raise 

a mir ro r up Lo ourse lves. Levr ls of 

sa ti sfac tion are in general high. but 

we particularly appreciate thr wr it­

ten comments on th ese form s. 

We are ac ti vely strengthening the level 

of techn ica l support outside of working 

hours. Oul or flours Support (OHS) 

has been implemented al first within the 

Instrument Con trol Se rvice. a. a tar­

ting poin t. Comprrhensive documen­

tation - wrb-based - has lwen pu t in 

place. We [)Ian to extend gracl ually thi s 

kind or upport Lo all the oth er se r­

vices al th e ILL. At the end of 2002. 

OII S has become oppralional also 

witl1in the eutron DetrcLor Service. 

We have being tes ting u er sa tisfac tion 

via a ques tionnaire - th e User Salis­

raction Form. se rs wl10 have just 

fin ished an experim ent at th e ILL arc 

asked to complete t11r qu es tionnaire 

A happy usrr! Diana Sanchez from ~ladrid. 

and to give u their views on different 

topics. se r comments and solutions 

arc entered into a database and sum­

mari sccl for the ILL Directors. the U. er 

Suppol'l Offi cr. Group Lea cl crs and 

lnstrumPnL Rcspon ihlc ' . Tile results 

of th e survey <lu r ing 2002 (see figure 

2) showed in mo: L cases ve ry high 

sa ti sfac tion (c lose to 90%) wit.h Lhl' 

staff support and ILL equi pm ent. Th l' 

Oul of I lour Support - recently es ta­

bl ished - encountered the approva l or 

mo t or those who needed il. 

The Instrument Control O1-1S team. From the left: {Wp) Robert Har­
ri son. ,John Allibon. Stuart Caunt. Franck Cecillon and Jerome Loca­
lelli ; (bol LOm) Jean-Antoine Vidal-Garcia. Jean-Jacques Verni er and 
Abdelali Elaazzouzi. Freder ic Descamps was loo shy lo be in Lhc 
picture. 

Th e Neutron Detector O11 S team. From the left: Jea n-Claude Bur­
fet. Frederi c Millier. Michel Gamon. ,lean-Franr;:ois Clcrgeau. Gil­
bcrl Vianclc, Giuliana Manzin . Patrick Va n Esch. Thomas Gahl . 
Bruno Guerard and F'a bricr llorst. 



T he in sLrumenLal fac ilili cs al Lh c 

J ;LL are hown in Lhe schematic 

diagram on page 129. 

Besides Lhe 25 11.L insLrumenLs. Lherc 

are O CRG-insLrumcnLs. which are ope­

ra Lee! by exLcrn al Collaboraling 

Research Groups. There are currenll 

three different ca lcgo ri es of CRG 

instrumcnls. 

• CRG-/\ in \\·hich Lile external group 

lease an insLrumenL owned hy ILi.. They 

havr 50% of the h<'am time al th eir dis­

posa l ancl for Lhc rC'maining 50% Lile 

support 11 ,L·s scienLil'ic user programme. 

• Th e CRG-B ca tego ry own s th eir 

in sLrum cnL ancl retain s 70% of Lh e 

ava ilahle hcam Lim e. supporling Lh e 

II.I. programme for Lile oth rr 30%. 

• l<' inall y. CRG-C instruments are usr.d 

full time for specific research program­

mes by the ex ternal group. which has 

exc lusive use of the !)ca m. 

Instruments 

DB2 I. I ,/\DI and IN 15 have a special sla­

Lu s. since they are joint ventures of Lhc 

ILL with other laboratori es: in Lhe case 

of DB2 I and LADI with ~; 1BL and !'or 

I 15 willl rz JOlich ancl I !Ml Berlin. 

The Ii L of instruments as of December 

2002 L ummari cd below (CRG 

instrument s arc marked wilh an as te ­

ri sk *): 

• powder diffrac tometers: DI /\. DI B*. 

D2B. D20 

• liqu ids cliffrac lometcr: D4 

• polari zed neutron diffraclomct<'l'S: 

D3. D23* 

• single-c rys tal rliffrac1omete1· ·: nn. 
D10. D1 5* 

• large-. ca le structures cliffrac tomc­

Lrrs: DI D. DB21. L/\DI. VIVA LDI 

• smal! -ang!c ~ca llcr·!ng: !)1 ! . D ~~ 

• low momr ntu m- tra nsfrr diffrac to­

meter: I) 16 

• rcfl rc tomct.c·rs: I) I*. D17. EV/\* 

• cliffu se sca tLering ancl polari za tion 

analys is spec trometer: D7 

• three-axis speclromclers: I I. I 13. 

I 18. I 12* . I 14. I 20. I 22* 

• tim e-of-fli ghL spec trometers: I 4. 

I 5. I 6. 

• backsca ttering ancl spin-ccl10 spccLro­

mcLers: I 10. 1 I I . I 13*. I 15. 1 IG 

• nuclea r physics instruments: P I. I) 3 

• funclamenlal phy. ics instruments: 

PI<' I . PF2 

DI /\ is sharrcl bctwcrn !)O\\'der clil'­

frac lion and strain sca nner applica­

tions. S 18*. an inlcrfcromeler. is a 

CRG-C instrument and is normal! not 

a ailali le as a ·use r' inslrumenl. al­

ll1ougl1 some' beam timt• i. maclc ava i­

lal11 c for protol pc tes ts of US/\ S. 

DcLa iL of LIH' in Lrumcnls can he found 

on Lile web under hllp//\rn \\'.ill.fr ( sers 

& Scirnce / Instrument groups & Theory) . 

Beam-time allocation & utilisation for 2002 

0 vcra ll . the Subcommillec • or lhc 

Sc ientifi c Co uncil sc ruLini sNI 

935 proposa ls rcquesling 74 51 cla ys 

for 2002. out of whi ch 661 proposa ls 

rece ived bea m Lim e. alloca ting 4504 

days of bea m Lim e on Lhc different 

instruments. In 2002. th e member 

counlriei of th e ILL we rr: !•'ranee . 

Ge rmany. K. Spain . S\ itzerland. u. -

tria. Italy. the Czech Republic ancl Ru s­

sia. Th e dislr ibulion of beam-tim e 

rcque Lr.d and alloca ted amongst Lhem 

is shown in Tab le 2. 

In ca lculaling th e stati stics of bea m­

Lim e per country. shown in Table 2. 

Lhc attribution is based on the loca lion 

or th e laboratory of the proposers. not 

Lheir incli\ irlual nationality. Por a pro­

posa l invo lving laboratori es from more 

th an one member co unLr . Lile Lotal 

number of cl ay, is di vided amongsL Lile 

co llaborating countries. and wcighlecl 

by the numl1cr of people for each coun­

Lry. When a proposa l invol cs collabo­

ralion with a non-memilcr counLry. the 

Before national balance After nalional balance 

Country Rcque tcd RCQUC'tcd Allocated llocated llocatcd llocalcd 
days % days % days % 

ALJT 82.8 I.I 62.5 1.4 62.5 1.4 

CII 238.4 3.2 151.3 :1.3 1:> l.fi 3.4 

cz 69.3 0.9 35.2 0.8 37.7 0.8 
I) I 869.7 25. 1 I 045.9 2:l. l I 056.5 23,:, 

i;; 369.8 5.0 235.G G.2 235.2 5.2 

F I 772.0 23.8 I 158.2 25.6 I 168.8 26.0 

GB 2 024.0 27.2 I 285.7 28.4 1:mu 28.o.l 

I 368.5 4.9 230.2 :>.I 23 1.B 5. 1 

RUS 656. 1 8.8 32 t .(i 7.1 280.5 6.2 

Toll.II 7 450.8 100.0 4 526.0 1000 4 !'i03.8 100.0 

Table 2: Distrihulion amongst the ssociaLe and scirnlilic-mrmber countries or beam-linw 
requested and allocated in 2002 during the 8ubcommiltees or the Scienlilir Council. 
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Da Days umber of umber or Days used Da ror Da ror 
In 1rumenl8 requesle(lt allocated' scheduled perfomed for userstt Da lo L comml lonlo!}" Internal 

experiments' experlmeolS' Lest re earch 

ADA \1 126 59 II 10 120 .! ,/ 

DIA 129 11 9 33 30 108 2 20 30 

DIH 92 nr, ,? I 3 / /II., Ii ll ,/ 

D28 24 7 152 61 63 158 7 24 11 

D3* 310 152 16 11 105 12 29 0 
D4 * 99 62 13 6 48 0 11 0 

D7 176 139 15 13 136 2 50 11 

D9* 194 139 18 7 94 12 7 36 

DI O 307 166 I 7 16 182 7 7 3 

DI I 234 226 51 46 130 17 47 3 
f) / 5 / /) 7 I I :11 7 7 

Dl 6 148 134 20 20 144 4 39 14 

Dl7 203 160 38 34 138 3 46 14 

D19 182 156 18 15 116 13 69 0 

D20 209 163 61 55 154 7 27 13 

DB2 1 31 31 2 ') 45 4 20 0 

D22 364 141 61 52 136 16 38 14 

1)23 Iii 50 ,, :I 1117 ,I II 

E~A fi l .'!Ii 3 :1 //iii I./ II 

IN1 • 150 78 11 6 53 5 25 7 

I 3 76 48 5 4 48 14 137 0 

I 4 131 11 0 23 18 75 7 18 3 

IN5* 142 50 10 0 0 0 0 0 

IN6 384 177 45 44 166 13 16 10 

INS* 189 66 9 3 15 0 30 5 

IN10 174 142 12 19 136 7 54 14 

I 11 145 130 12 13 134 5 37 28 

/lli /2 fJ9 .,:; .~ ./ f/7 ,/ ., 

1\/3 l:i2 fJ3 / :! II 17/i ., ,, 

I 14 248 151 16 15 121 29 34 16 

I 15 137 95 11 12 86 44 13 6 

I 16 337 163 26 21 154 15 18 17 

IN20 240 146 16 16 11 6 14 48 20 

/V22 [/H /i2 R 7 17{1 I Ill 

LAD! 179 172 8 2 145 4 50 0 

VIVA LD I 61 57 15 13 137 8 43 11 

PFI 209 160 7 7 125 0 0 0 

PF1B 344 104 5 3 148 23 0 19 

PF2** 924 555 13 14 710 0 0 0 
p 1 380 154 11 9 104 69 26 0 
p 3 310 163 9 9 129 5 67 0 

Tot.al 8 276 5 087 771 670 5 442 408 I 121 3 11 
( 7•1 7<1f,) /5.li'~•I I J., t•~,J (/ ,'I'\,) 

Table 3: Beam-Li me requesl/allocaLion (via standard subcommittees, PAST access & DDT altogether) by instrument and instrument per­
formance. CRG instruments are in i ta lic and green. 
t The number or performed exper iments is lower than the number or accepted ones because or the loss or 0.5 cycle. 'days allocated· refers 
to only those days reviewed by the subcommittees and PAST access (i. e .. excluding CRC days for CRGs). 
tt 'days used' refers to the total number or clays delivered to users In ILL Lim e. CRG Lime and DDT. 
* D3. D4. D9 and I 1 have not operated in the second half or the yea r because or the dismantling or the hot beam tubes; I 5 & I 8 were 
under reconstrucLion In 2002 . 
** PP2 consists or 5 different set-ups where several experim ents are running simultancou ly. 
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Figure 3: Beam-time allocation in 2002: distribution amongst the different re earch areas. 

allocated time i attributed entirely to the 

collaborating member country (or coun­

trie ). and weighted by the number of 

people for each member country. When 

ILL scientists are proposers or co-pro­

posers. the allocated ILL time is attri­

buted amongst the member countries 

according to their financial contributions 

to the ILL. Local contacts are not coun­

ted as proposers except when they are 

members of the research team. 

The distribution of beam time for these 

experim ents amongst the different 

research areas & colleges is shown in 

Figure 3. 

A more complete view is given in Ta­

ble 3. Request and allocation of beam 

time - as well as the number of sche­

duled experiments- refer to standard 

submissions to the subcommittee mee­

tings and FAST access. The effective 

number of days given to our users takes 

into account also Director's Discretion 

Time (DDT) and CRG's time for CRG 

instruments. 

In 2002. 29 proposals were submitted 

to the FAST rounds. requesting 88 days, 

out of which 18 proposals received 

beam time. with 46 days allocated on 

those instruments concerned by the 

FAST option (D1A. 028. 020. 011. 

022. D16. DB21. LADI. VIVALDI). DDT 

was given to 14 experiments for a total 

of 53 days. 

The instruments D4 and IN1 share a 

beam. Note that PF2 consists of 5 dif­

ferent set-ups allowing severa l expe­

riments to run simultaneously. or­

mally. for official statistics (as for Table 

2) the total number of days requested 

and allocated is averaged by a fa ctor 

5. However. in Table 3 we report the 

total number of days delivered on all 

the 5 instruments (EDM. MAM. TES. 

UC , VCN). 

Instrument performance 

T able 3 also gives a summary of 

' ;nstrument performance for 2002. 

For each cycle. a record is kept of any 

time lost from the total avai lable beam-

Internal 
science 

4°/o 

Figure 4: Use of ILL beam time 

Losses 
6% 

time and the reasons for the lost time 

are ana lysed for all the instruments. 

The table gives a global summary for 

the year. 

Users science 
75% 

Overall 5442 days were made availa­

ble to our users in 2002 on ILL and 

CRG instruments, which represents 

about 74.7% of the total days of ope­

ration. 311 days were used by ILL 

scientists to carry out their own sc ien­

tific research. About 15.3% of the total 

beam time available on the ILL instru­

ments is allowed for tests, ca librations. 

scheduling flexibility. minor break­

downs recuperation. 

Totally, about 770 experiments were 

scheduled. but only 670 were effecti­

ve ly carried out. The reason for this is 

that during 2002 the reactor operated 

for 4.0 cycles, representing 200 days of 
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neutrons. in Lead of the 4.5 cycle ini­

Liall fore een (see Reactor Operation . 

p. 130). PI a e note that the "day lo t" 

column doe not include the half cycle 

lost due to the beam tube leak (25 days 

over an average of 30 instrument ). 

In 2002. about 408 days were lo L due 

to variou malfunction . which repre-

en ts le s than 6% of Lhe total ava i­

lable b am-Lim . 

Detailed comment on the larger beam­

Lime lo se (20 day or more) are a 

follows: 

• IN 14 hacl variou problems main ly 

due to failures in critica l sample 

environm nL condi tion (dilution 

fridge. 4T cryomagnet...); about 10 

day were al o lo t becau e of a 

sample which had not been well pre­

pared by the u ers: 

• I 15 Io L 28 day because of a 

erious elector breakdown: 

• PF'1 B could not tart a schedu led 

experiment because the use r in Lal­

la Lion was not ready for measure­

ment: 

• P 1 • breakdown wa due to the fai­

lure of the target changer. 

Industrial use of neutrons 

Relation with high profil indu -

trial companie remained almost 

table in 2002. A total of 8.5 days beam 

Lim e have been so ld for 5 diff rent 

small-angle neutron sca uering studies 

(in 2001: 11 days). 4 exp rimenL (7.5 

day ) were performed at 011 and one 

experiment (1 day) at 022. We have 

attract d one new customer from the 

fi eld of pharmaceutical research for 

an experiment aL DI 1. 

With a view Lo increas ing plant life the 

inve Liga tion of irradiatecl reac tor steel 

sa mp les for racliaLion induced prec i­

pitates is a fi eld where Kand F'rench 

companies are actively using small­

angle neutron sca ttering, both at the 

instru ments 011 and 022 of Lh e ILL. 

A clirecL spi n-off from th e excellent 

relation between one of th e e custo­

mers. the D 11 instrument Lea rn and Lhe 

ILL' de ign offi ce has been the deve­

lopmen L of a new dedicated ample 

holder for investigating highly radio­

ac tive steel Lil es in a magneLi fi eld 

und r va uum. With the old ample 

hold r usecl until 200 I . the am pies 

hacl been fi xed with scotch Lape on a 

plate attached Lo one of the magn Lie 

pole pieces. Furthermor . th e water 

normalisation of Lhc sca ttering inten­

sity had Lo be perform ed aL atmos phr-

ew magnet ample holder for SA experiments under vacuum at D11 . developed at ILL 
ror AEA Technology. The photo shows a 1 mm standard wa ter cell at th e sample position. 
The sample holder i shown before fixation to the upper magnet pole pi ece. the lower pole 
pi ece is not shown. 

ric pressure. outs ide th e vacuum con­

ta iner and with a different sample aper­

ture. With the new device in use since 

May 2002 (see photo). these rad io­

ac tive sa mpl sca n now be fi xed more 

precisely and rapidly through a metal 

clamp. As a consequ nee. Lhe u er·s 

expo ure Lo radiation i reduced. when 

changing th e sa mpl . Another big 

adva ntage of the new magnet sa mple 

ho lder is th e poss ihi li Ly of using a 

vacuum-Light standard water ce ll for 

norma lisa tion in the same mount. with 

th e sa me geometry (beam defining 

aperture) as for the sample run. This 

example shows the valuable contr ibu­

tion of Lhe ILL's experti se to help our 

cu tamers Lo improve their industrial 

re ea rch. 

ILL offer industria l user Lh oppor­

tunity Lo perform a test experim ent 

before orclcr ing bea m Lime in order to 

exa mine Lhe feas ibi lity of a mcas u­

remen L. Some customers took acl van-



Lage of Lhi s poss ibility in the fi eld of 

res idual stress determination. 

Th e appropriate instrument for thi s 

type of work is th e D1 A high-resolution 

diffrac tometer, wl1ich is used half time 

for powder diffrac tion and for neutron 

stress determin ati on. Th e neutron 

method is capable to resolve the resi­

dual stress state deep in to matter non­

clestructive ly and with a lateral reso­

lution of typica lly 0. 5 mm. A speciality 

of the D1 A strain scanning option is its 

capability Lo perform measurements 

at in terraces and surfaces to within a 

few ten micrometers. 

Exa mples of tes t measurements were 

weld s in thick stainless steel tubes for 

nuclea r power plants and coated hard 

metal (Tungsten-Ca rbide) for th e tool 

making industry. Anoth er industri al 

tes t was ca rried ou t for Aluminium Foil 

production and became the ba sis for a 

sc ientific proposa l for beam time allo­

ca tion in 2003. Ve ry interes ting was an 

application in th e fi eld of aerospace 

technology. We showed, that it is pos­

sible to determine res idual stresses in 

the thin walls (0. 5 - 3 mm) of chan­

nels surrounding an AR IAN E rocket 

motor. In those, liquid hydrogen and 

oxygen is evaporated before ignition 

in th e combustion chamber. 

In addition, other experiments of indus­

trial relevance have been performed at 

ILL. Let us take the instrument D20, 

wh ich is a powder diffractometer with 

Lile advantage of high neutron intensity 

and very fast, simul ta neou s data acqui-

sition . These charac teri sti cs, as we ll as 

the penetration power of neutrons, 

make it a powerful instrument for time­

resolved in silU measurements. It could 

demonstrate its ca pabilities in the fields 

of hydrothermal synthesis (hardening 

of autoclaved concrete), se lf-propaga­

ting high-temperature synthesis (pro­

duction of ceramics with metalli c pro­

perti es for high-temperature appl ica ­

tion s) and elec trochemistry (recharge 

ca pabiliti es or batteri es). 

More information about our industrial 

activities and how to apply can be found 

on the ILL web site l1Ltp://www. il1Jr/, 

'"indu stria l use", or by contac ting 

directly our industrial liaison group, 

industry@ill.l'r. 

P. Lindner, T. Pirling 



The Refit Programme 
of the ILL Reactor 

F. Plewinski During the first half of 2002 detailed safety reviews of the ILL's High Flux 

Reactor (HFR) and associated facilities were requested by the French 

nuclear safety authority (DGSNR - Direction Generate de SOrete Nucleaire 

et de la Radioprotection). On 2 May 2002, a group of experts (known as 

the "Groupe Permanent" responsib le for nuclear reactors) carried out a 

review based on a report produced in the first half of the year by the I RSN 

(lnstitut de Radioprotection et de SOrete Nucleaire), in which all aspects 

relating to nuclear safety and radiation protection were examined. Fol­

lowing the recommendations and requests by DGSNR, a programme of 

"refit" measures has been agreed over the next 3 years, at a cost of about 

20 M€, which will bring the I LL's installations up to the stringent stan­

dards foreseen during the coming decade. 

T he main recommendations concer­

' ~ed the following: 

• the structural reinforcement of the 

HF'R and the lnstitute's buildings in 

case of a high-intensity earthquake 

which cou ld affect the Grenoble site; 

• the demonstration of the resistance 

or equipment important for the safety 

of the installations (reactor cooling 

and confinement systems) in the event 

of this safe shutdown earthquake. as 

well as the demonstration of the resis-

Olivier Aguettaz, technician in the ctetritiation 
and source group, at the ctetritiation station . 

tance, in the event of such an earth­

quake. of heavy structures likely to 

damage safety equipment; 

• the control system of the High F'lux 

Reactor: 

• the safety studies concern ing the ope­

ration of the HF'R and detritiation 

facility, in particular in the event of 

a fire or a malfunctioning of safety­

related equipment. 

The measures to be taken as a result of 

these recommendations are scheduled to 

be implemented between 2002 and 2006. 

with the majority of the work to be com­

pleted between the end of 2003 and the 

end of 2005. During th is period we shall 

operate for 3 cycles per year (instead of 

the 4.5 cycles normally scheduled) but 

pledge to deliver 80% of the beam-days of 

previous years to our scienti fic partners. 



The repercuss ions for the entire ins­

ta llation have prompted the ILL to et 

up a projec t management structure. 

known as the Refit Management Com­

mittee. dedica ted to the implementation 

and monitoring of these measures. This 

structure (see Figure 1 ). which compri­

se around a dozen people. also relies 

on support from th e staff or th e ILL 

divisions. in particular the Reactor Divi­

: ion. which brings together th majority 

of th e skil ls and know-how needed to 

complete th e projec t success full y 

within th e relative ly short time ava ila­

ble and taking into account the number 

ancl range or ta ks to be undertaken. 

The following major pro jec ts were laun­

ched in 2002: 

• ·trengt11 ening of the reinforced con­

crete structure which supports th e 

tran fer ca nal where usecl fuel ele­

ments are stored. As a result of thi s 

reinforcement work . laboratories 

which handle ta rget conta ining alpha 

emitter radionuclide and th e sto­

rage area for radioac tive sources hacl 

to be moved; 

• implementati on of redundancy mea-

ures in the fina l part or th e HF'R 

sa fety control circuit. to be trip ly sure 

th at any ma lfun ction would tr igger 

th e shut down of th e reactor. 

Olivier rourricr. chemist at the detrilialion and source group in the salle de controle. 

• continuation of stud ies on the res i -

Lance of th e installation·s civil engi­

neering structu re in the event of an 

ea rthquake. Th ese studies will ful ly 

document all actions to be taken and 

should be completed by the middle of 

2003. 

• tudi es of th e modifica tions of buil­

dings in contac t with the reactor con­

tainment in order to avo id any inter­

ac tion in the event of an ea rthquake. 

between these bui ldings and the con­

ta inment. The buildings primari ly con­

ce rn ed are th e two experim ental 

guide hal ls (ILL 7 and ILL22) and the 

bui lding wh ich houses the reactor 

control room and offi ce (ILL4). 



Ladies for science 

Part or our library team: (from tile left) Maria Jarnlas. ophie Ri o 
and Virginie Tei sier. 

c a·· 11 c Rochex, dcput~ sa fety engine r: 
your ecurlty I In good hand ! 

atisfait ou rembourse! Isolde Harbich 
v elcome you at Lhe ILL travel offi ce. 

Michele Correard moniL-0rs the dose on cien­
tlsts' film badges. 

\ ra Gonlicr and Slrian Lalllat: our mlllng welcome to all ILL 
vi itor . 
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& FIGURES 2002. 
Name lnstitut Max von Laue - Paul Langevin (ILL) 

Founded 1967 

Associates 
France 

Commissariat a l'Energie Atomique (CEA) 

Centre National de la Recherche Scientifique (CNRS) 

Germany 
Forschungszentrum )Ulich 

United Kingdom 
Engineering and Physical Sciences Research Council (EPSRC) 

Countries with Scientific membership 
Spain 

Ministerio de Ciencia y Tecnologia (MCYT) 

Switzerland 
Schweizer Bundesamt fUr Bildung und Wissenschaft (SBBW) 

Italy 
lstituto Nazionale per la Fisica della Materia (INFM) 

Russia 
Ministry of the Russian Federation for Atomic Energy (MINATOM) 

MENI (Middle European Neutron Initiative) Consortium, composed of 
Austria: Osterreichische Akademie der Wissenschaften 

Czech Republic: Charles University of Prague 

Staff 
427 people including 60 experimentalists in the scientific sector. 

278 French, 51 German, 53 British, 45 others. 

German 
11.83% 

French 
65.11% 
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Income (M€) 

■ from Associates 

from scientific 
■ members 

D own income 

Budget 60 M€ (excluding taxes) 

Expenditure (M€) Distribution of ILL purchases 
■ staff costs 32.0 53.33% (M€, excluding taxes) 

50.2 83.67% 
■ operating costs 9.7 16.17% ■ France 10.96 68.46% 

D investment costs 8.5 14.17% ■ Germany 1.13 7.07% 
8.6 14.33% D fuel cycle 6.9 u.50% D United Kingdom 1.46 9.13 % 

1.2 2.00% ■ Refit Programme 2.9 4.83% D Others 2.46 15.37% 

60.0 100.00% 60.0 100.00% 16.01 100.00% 

Bodies 
Steering Committee, meeting twice a year 

Subcommittee on Administrative Questions, meeting twice a year 

Scientific Council with 8 subcommittees, meeting twice a year 

Instrument Subcommittee, meeting once a year 

Reactor 58 MW, running 4 cycles in 2002 (with cycles of 50 days) 

Experimental Programme 
670 experiments (allocated by subcommittees) on 25 ILL-funded 

and 9 CRG instruments 

1153 visitors coming from 34 countries 

935 proposals submitted and 661 accepted 

Experiment Selection by the Scientific Council 
via its 8 subcommittees 

Nuclear and fundamental physics (college 3) 

Structural and magnetic excitations (college 4) 

Crystallographic structures (college 5a) 

Magnetic structures (college 5b) 

Structure and dynamics of liquids and glasses (college 6) 

Materials science, surface and spectroscopy (college 7) 

Structure and dynamics of biological systems (college 8) 

Structure and dynamics of soft-condensed matter (college 9) 

Scientific Life 
Based on 10 colleges 

8 of which map on to the subcommittees plus 2 others: 

instruments and techniques (college 1) 

theory (college 2) 



utron and rt 

The London lnstiLu Le has initiated a eries or projects in England. 

PorLUga l. France and Italy under the Litle "Signature of the 

lnvi ib/e" Lo coincide with lnL rnaLional Scienc Week 2002. 

WiLhin Lhi frame. the cx_hibilion 'Particl F'abric • wa held in 

Milano on 8-20 ovemb rand pre ented Lhe re ult of Lhe col­

laboration between a group of texlil de igner from Chelsea Col­

leg of Art and De ign at the London In tilute ( upervi ed b 

Ka Politowicz), and a group or ci nti t from Lh ILL (Clive 

Wilkin on). ParLicle F'abric wa a groundbreaking exhibition of 

textile in hich fabric transform in terior pace through the 

use of VIVALDI neutron diffraction patt rn . light and shade. 

Ian accomplishing Unity ( 1971 - 1972). sculpture by lpoustrguy al the ILL entrance. 

TiffiWNDON 
IN~ OfELSBA OOLLJIGII O ,urr 
AND CAMBBJlWBU.COUJlGE OF ARTS 
CF.NTitAI. ~AJJ<l' MARTINS OOl l.F.GE Of ART 
AHO DBSIGN LONDON 001..LBGl! OF l'ASI llON 
I .c»,,'OON CXlU.flGl! OP PlllNTING 
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CATIONS. 
In 2002, the ILL received notice of 429 publications by ILL 

staff and users of which 378 were published as journal 

articles, and 51 as conference proceedings in journals, 

books, cd-roms or reports. 

I 
The distribution by subject is as follows: 31 in neutron instru-

----- ments and methods, 12 in theory, 24 in nuclear and particle physics, 

■ ■ J 84 in structural and magnetic excitations, 67 in crystallography, 80 in 

•:---,• magnetic structures, 31 in structure and dynamics of liquids and glas­

ses, 35 in materials science, surfaces and spectroscopy, 19 in structure n and dynamics of biological systems, 46 in structure and dynamics of 

soft-condensed matter. 

From this year onwards, the detailed publications list is included in 

the attached CD-ROM . 

• 

• 

• • 



ILL 2002 CD-ROM (Mac/PC) 

Tlw 1·11l' loscd CD-ROM con tain_ bot11 the ILL 2002 Annual Reporl and lhe ILL Experimenlal reports a Por-

1c1lllr· l)ocumenl 1-'orma l WDF) fil es . You will neecl a PDF fil e reader (Adobe® Acrobat® Reader®) to view il. 

TIH' Cl l-RO\ I also includes an in lCrac live virtual visil or lhe ILL inslrumenl hall and or the two guide halls111_ 

)(Ju c,rn ,tlso enjoy a panoramic view or lhe beaulil'ul land sca pe surrounding the ILL. Once the visil is 

lm111clll'tl ~m1 can cli ck in the map lo elect a starling poinl. Then cli ck in the image lo get the cursor + 
,1 ii 11 ,1 l1icl1 you can mo r right. move lert. look up and clown. You can move to another view point each 

lime IIH' l'ursor turns to 0. Thi s virtual visit requires QuickTime 5 or later to be insta lled on your com­

pul<'i'. l•' r1·(· \\'indows and Mac OS clown loads are ava ilable rrom www.apple.com/quickLime. 

llmc 11 lli( '(' \ ' iSiLI 

111 Tlw II.I. 1, usualli a 11·ry liu si placl' l>ul. ro1· tech nica l reasons. as rcw people as possible were present during th e shooting. 

i. 
NEUTRONS 
FOR SCIENCE 
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