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Director's introdwction 

As another year turns we are again visited by tragedy. this time on a colossal scale.The number of peo­

ple killed as a result of t he earthquake in Indonesia is so large as to numb the comprehension of such an 

event on the human scale. 

At the same time we are brutally reminded of the untamed forces of nature and how far beyond our con­

trol they remain. However; to begin to harness the forces of nature it is first necessary to understand them. 

In its own small way that is the business of the ILL and its multitude of dedicated researchers, supported 

by our skilled engineers and technicians, who make use of our instrument suite and which is fed by our 

superbly reliable neutron source second to none. Underpinning their work is the infrastructure staff - admin­

istrative, secretarial. safety. medical, operational and maintenance - whose role is often unsung but never­

theless crucial. 

Understanding the forces of nature. within the wide energy and spatial windows accessible to beams of 

neutrons, is our raison d'etre and the same can be said for our six European partner laboratorLeswithin 

EIROforum, each in their own way. 

Powerful, destructive ea,·thquakes have a particu lar echo at the ILL and the event ten days ago and seem­

ingly far away has in fact a ring much closer to home.The ILL's seismic refit programme, now moving into 

its third and most significant year; is designed to safeguard our facilities from ve,·y low probabi lity but nev­

ertheless serious events and to protect the environment and the surrounding population.This rernforce­

ment and modernisation programme, which will secure the future of ILL, is going extremely well and will 

be completed in just over one year's time, when we shall resume normal operations. 

However; the 20 I O deadline for Europe to achieve the ambitious goals of the Lisbon agenda fast 

approaches and it is not yet clear whether there is the political will to redirect the necessary. resources to 

fulfil ! this vision.The admirable aim for Europe to become the world\ leading knowledge-based economy 

is not simply a question of economic competitiveness - we owe it to the hundreds of thousands ("ho lie 

dead to continue to strive to understand the forces of nature and to hope that one day we may learn to 

harness them.This requires fine words to be urgently translated into effective actions and tangible achieve­

ments. 

Colin Carli le 

5 January 2005 





Why Neutrons? 
Neutron beams have the power; 
when used as a probe of small sam­
ples of materials, to reveal what is 
invisible using other radiations. Neu­
trons can appear to behave either as 
particles or as waves or as micro­
scopic magnetic dipoles and rt is these 
specific properties which enable them 
to uncover information which is often 
impossible to access using other tech­
niques. 
Electrically Neutral - Neutrons are 
non-destructive and can penetrate 
deep into matter making them an 
ideal probe for biological materials 
and samples under extreme condi­
tions of pressure, temperature, mag­
netic fie ld or within chemical reaction 
vessels. 
Microscopically Magnetic -They pos­
sess a magnetic dipole moment which 
makes them sensitive to magnetic 
fields generated by unpaired electrons 
in materials. Precise details of the mag­
netic behaviour of materials at the 
atomic level can be investigated. In 
addition, the scattering power of a 
neutron by an atomic nucleus depends 
on the orientation of the neutron's spin 
and the spin of the atomic nuclei in a 
sample thereby providing a powerful 
tool to detect the nuclear spin or"der: 
Wavelengths of Angstroms - their 
w avelengths range from 0. 1 A t o 

1000 A making them an ideal probe 
of atomic and molecular structures 
ranging from those consisting of sin­
gle atomic species to complex 
biopolymers. 
Energies of millielectronvolts -Their 
energies are of the same magnit ude 
as the 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 
incoming neutron and the sample of 
between 1µeV (even 1 neV w ith 
spin-echo) and 1eV can readily be 
detected. 
Randomly sensitive -The variation of 
scattering power from nucleus t o 
nucleus in a sample varies in a quasi­
random manner. This means that 
light atoms are visible in the pres­
ence of heavy atoms and neighbour­
ing atoms may be distinguished from 
each other: In addition, isotopic sub­
stitution (for example D for H, or 
one nickel isotope for another) can 
al low contrast to be varied in certain 
samples thereby highlighting specific 
structural features. T he neutron is 
particularly sensitive to hydrogen 
atoms and therefore is a powerful 
probe of hydrogen storage materials, 
organic molecular materials, and bio­
molecular samples or polymers. 



scientifichighlights 

The French Science Festival 
(9-1 I October 2004) 

Once again the ILL was very actrve at the annual French Science Festival. This 1s a very 

unique occasion for ILL's scientists and engineers to meet the public and demonstrate 

the delights of physics! More than I O 000 visrtors, including large numbers of children, 

crowded onto our stand over three days. 

Among the events were superconducting magnetic levrtat1on, a hexapod to manipu­

late, a game to guess the number of cosmic neutrons an-iving on the stand ... 

All over Europe everyone is concerned by the lack of interest of young people fo,- sci­

entific studies. But even if they do not choose a scientific career. we know from expe­

rience that 21 st century kids still enJoy physics ... at least those who visited our stand! 

ten I eleven 



scientifich i 
Why hast ILL engaged in an ambitious / LL 

lennium rogamme? To offer the best instruments and neutron fa-rc/ra-h; 
and engineers worldwide.Why do scientists and engin ers need resevr.rcA vva-r 

utrons. Because of the unique properties of neutrons: neutron are non-

destr v , highly penetrating and sensitive to magnetic momen s, they pr 

excitation spect,-a in materials and they can be considered a a probr themselves for fun 

physics studies.The ILL has been the most powerful neutron sea ring f: tility in the world for ore than 

3 ars and intends to remain in that position, at the forefr nt f neutron 

Today tn ILL offers advanced neutron instruments and highly developed facilities around neutron beams 

where s entists can perform their top class science. 

----u::,.o---nresent period is critical for the ILL.Tight compromises for operation have been imposed by t e 

retrofitting of infrastructure which includes the replacement of major neutrnn beam tubes; as a res It, 

the amount of beam time made available to users has been reduced but still remains significant at I 

days e ar However, instruments have benefitted from upgrades through the Millennium Programme 

(11Jf"tvtJ1,'i.iyt;f'J MV{ 6:enefirrt 
and ILL scientists have optimised the availability of their instruments. 

ILL has initiated a development programme of methods A 

fra-h"c, 0fJrvt.de.S f'h-r~h, rite facilitie which complement the neutron methods: "mor an simply 

Mille~ Pr'[Jrvt.~ ________ n_e_u_tr~on '. Facilities such as FaME38, the Deuteratio Laboratory and 

the Computing Laboratory have paved the way to new p rtnersftif},:,---5 --­

such as the artnership for Structural Biology which will enhance the scientific activity on the ILL site. 

Amidst all t renovation the ear 2004 has been yet another· highly productive and successful period 

for the ILL. 

The high qual ity of science produc a at the ILL is illustrated by the remarkable ,·ange of hig ights pre­

sented in the following pages the 2004 Annual Report. Indeed, the scientific pre cam out 

~ embraces sci ,fie applications an ng from particle physics to chem~y anJl· sciences, 

"---·ta1<mg1/mater: - sciences and basic c den d matter physics as well as engineering.Th~umm ies by 

Colleges e make neutrons so usef01 o exp ·e 

propertie m and magnetic m teria with neutron methods h always 

been fer ""'-'-'-=---~ - lement parallel the retical and 

technologica eve ~ometry, small a gle scatter· g 

and neutron spin e ey todls fo,- the st y of comple 

odelling mbined with 

neutron experi te greatl to a better 

understanding of condense matter 

rite ILL Ms 6: '.f:h;Jtnvi~ 

sc • 'rl;t'c u; exullen.ce vr.rtd rVIts 
im-end ta- stvr.rtd snll 

es not intend t stand s ill: the ILL is now 

elaborati ate a campus pirit on its ow site, together wi ESRF an EMBL, in order· 

to attract rch facilities they 

istian Vettier 



scientifich igh I ights 

Magnetic personalities 

Better; stronger and faster! Ross Stewart is very proud of the new D7. 

Beatrice G1·enier (023 responsible) with Hadnen Mayaffre (left) and 
Arnaud CorY1ment (nght), CNRS, Grenoble. 

twelve I thirteen 

Marc "Potty" Potllnger and Bob Cywinski, from trie UrnverSlty 
of Leeds. 

Jacques Schweitzer - CEA Grenoble • has worked as college 
58 charrman for two years. 



magnetism 

Nolwenn Kernavanois, College SB secretary - http://www.ill.fr/Co11eges/C5B 

Anne Stunault, College 4 secretary - http://www.ill.fr/Col1eges/C4 

During the past two decades, condensed-matter physicists have had to adjust to a climate of discovery in which 

many of the long-accepted rules of solid-state physics are boldly challenged by materials with unexpected proper­

ties. The fleld of magnetism is particularly 1-ich in "emergent properties": different states of electronic correlations 

and pairing are observed in new materials exhibiting high-temperature superconductivity unconventional supercon­

ductivity or giant magneto-resistance. While in conventional supe1·conductivity electrons are bound into Cooper 

pairs by phonons, the binding mechanism of unconventional superconduct1v1ty 

involves magnetic spin fluctuations. Anisotropy of the Fermi surface, magnetic den- The fuU ef ~;trttturn lJ 

s1t1es and magnetic fluctuations play a key role.and high temperature superconduc- ft1rt1.£yJ.vrr[;7 rl.£,h /.ft, 
tars and related compounds still attract a lot of interest, with properties apparently Cc {11'\tnj{W- f t'Uftrtus,, 
incompatible with conventional metal physics, and many questions still un-answered. 

Neutron scattering then constitutes a unique probe of such materials on microscopic scale, through the direct inter­

action between the neutron spin and the spin and angular momenta of atoms. Developments in neutron instru­

mentation, with increased neutron flux, or improved polarisation, in parallel with progress in Cl"ystal chemistry are 

allowing a better understanding of these exotic behaviou1·s, in pari:icular in cup1ates. 

One actually learns a lot from the study of fluctuations by inelastic neutron scattering. Hinkov et al. show the 2-

dtmensional character of magnetic fluctuations in YBa,Cu ,0, .,, with rings of spin-excitations in reciprocal space, in 

opposition to theories predicting a more rigid, one-dimensional array of stripes. In the structurally related compound 

Sr1Ru0,1, one of the best cha1·acterised unconventional superconductors, B1·aden et al. concentrate on the anisotropy 

of the fluctuations and evidence their antiferromagnetic rather than ferromagnetic characte1~ Progress in that field 

is also gained from the study of quantum spin systems, like the spin-dimer sytem Cs,Ct·. Br", where field induced mag­

netic ordering is viewed as an experimental realisation of Bose-Einstein condensation (Grenier et al.) . 

More understanding is also gained from structural studies of high-temperatu1·e superconductor cuprates. In parti­

cular; with small-angle neutron scattering ( combined with µSR), Drew et al. show the random pinning of vortices 

by impurities in an applied magnetic t7eld, to r-each an exotic state of' 'vortex glass'' 

Unconventional superconductivity, also occurs in heavy Fermion systems, in the 

vicinity of a quantum critical point In CePd2Si 2, a typical example of an ordered 

Kondo lattice with strong spin fluctuations, Kernavanois et al., show a modifl-

we rurtt tk k11du:13 rok 
t01ed {;, ffJtP!rued f'ltt,ttnJrts 

lh, tk stvt& rrf co-rrtkx 
rrv:!Jhetl£ J;f St{MS 

cation of the Cerium valence when passing through the quantum critical point, 

indicating that a spin fluctuation approach solely is not sufficient to describe the underlying physics of this system: 

a modification of the Fermi su1face must also be considered. 

Finally, we note the leading role played by polarised neutrons in the study of complex magnetic systems, from the 

discrimination of spin excitations (Braden), to the study of magnetic distributions (Kernavanois).With the develop­

ment of a 3He spin t71ter, these studies are not restricted to dedicated instruments any more, as shown by Wills et 

al., who demonstrate the feasibility of the measurement of magnetic distributions in powders using this technique. 



magnetism 

The in-plane geometry 
of spin excitations in the 
high-Tc superconductor 
YBa2Cu30 6+x 

The physics of high-temperature cuprate superconductors exhibits a 

two-dimensional (20) character due to the layered structure. 
A well-respected theory predicts a further reduction of dimensionality: in the 

CuO -layers charge and spin are supposed to separate spontaneously forming 
one-dimensiona l (ID) stripes of antiferromagnetically ordered spins separated 

by charge rivers. Using inelastic neutron scattering we demonstrate, 

that the spin-excitations are 20 and form a ring in reciprocal space, thus 

excluding simple, ID arrangements of stripes [I] . As amplitude and width are 
modulated along the ring and the modulation is strongly energy dependent, 

configurations of stripes are possible with strong orientation fluctuations, 
which can be quantified by our data. 

T he Cu01-layers (a*/b*-plane) in 

most cuprates consist of rectangular Cu,0, 

plaquettes. Almost all neutron experi­

ments so far have been carried out on 

"twinned" crystals with equal proportions 

of micrometer-size twin domains, in which 

the rectangular plaquettes are rotated by 

90° with respect to one another. Scatter­

ing from such crystals consists of equal 

contributions from both perpendicular 

twin domains, so even perfectly 1 D sp in 

excitations wou ld generate a 20 pattern. 

Attempts to detwin an YBa
2
Cu,0

6
,, crys­

tal large enough (several 100mm') for 

inelastic neutron scattering resulted in 

only partially detwinned crystals with twin 

domain population ratios of ~2:1. An 

experiment on such a crystal indicated 

that sp in excitations exhibit an anisotropy 

between both principal directions in the 

CuO,-planes, but the exact geometry 

remained unclear [2] . 

We took another approach by working 

with mosaics of many, fully detwinned, 

fourteen I fifteen 

Figure I: A sample plate showing that crys­

tals are fixed by Al-screws to avoid incoher­

ent hydrogen scattering from organic glue. 
The complete assembly is shown below. 

V. Hinkov, A. Kulakov, C.T. Lin, 
D.P. Chen, C. Bernhard and 
B. Keimer (MPI, Stuttgart) 

S. Pailhes, P. Bourges and Y. Sidis 
(CEA Saclay) 

A. Ivanov (ILL) 

small crystals (figure 1). In a previous 

experiment at LLB we investigated a mosaic 

of nearly optimally doped YBa 2Cu,o,., with 

a total crystal volume of ~200 mm', where 

we performed different scans in the a/b­

plane at a fixed energy of 35 meV (figure 

2a), obtaining the geometry of spin exci­

tations depicted in figure 2c. Elastic scans 

through the (200) and (020) Bragg reflec­

tions show a twin domain population ratio 

of 95:5 (figure 2b). 

The experiment we report here was per­

formed on the triple axis spectrometer 

INS. In contrast to [2], where the magnetic 

response at a single energy is investigated 

using an only partially detwinned crystal, 

we studied in detail the energy depend­

ence of the amplitude and width modu­

lation along the ring shown in figure 2c. 

For this we used an array of underdoped 

YBa
2
Cup

66 
with a transition temperature 

of 61 K, a total volume of ~300 mm' and 

a domain popu lation ratio 94:6. We per­

formed scans along a• and b* - the ones 

depicted with "a" and "k" in figure 2a - at 

different energies and show them in fig­

ure 3. First of all, both along a*and b*there 

exist well defined incommensurate peaks 

which disperse towards the commensu­

rate "resonance-peak" at 37 meV, so that 

the basic character is two-dimensional at 

all observed energies. However, we see a 

difference in the amplitude and width 

between scans along a• and b*, which 

becomes increasingly pronounced at lower 

energies. Which models can describe this 

anisotropy? 

Theories based on a one-dimensional, rigid 

array of stripes pred ict the absence of 
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intensity along one direction [3], what we 

don't observe. However, an arrangement 

of only partially oriented stripes showing 

strong orientation fl uctuations, analo­

gous to a classical, nematic liquid crystal 

close to the nematic-to-smectic critical 

point, may be in agreement with our data: 

a preferential alignment of stripes along 

b* wou Id enhance the spectra l weight 

along a*. 

Another scenario is based on a Fermi- liq-
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0.4 Figure 2: Layout of the reciprocal lattice 1nd1cating 

the trajectories of the scans, (a) we pe1formed around 

the ant1ferromagnet1c wave vector Q •. to map the mag­

netic spectral weight shown 1n (c).In (b) scans through 
the crystallographic Bragg re flections demonstrate a 

twin domain population ratio of -95:5 in the nearly 

opt imally doped YBa Cu 0 , sample. 

uid theory. Such theories have, for now, 

neglected the possible contribution of 

CuO-chains lying between the Cu01- lay­

ers. Indeed, from our measurements we 

can exclude a direct contribution from 

the CuO-chains to the signal, however 

they may have an indirect effect by influ­

encing the spin dynamics in the CuO,­

planes, as suggested by quadrupole res­

onance and X-ray scattering measure­

ments. A further, appealing scenario is 

along b' 

suggested by a theory predicting that the 

Fermi surface is intrinsically unstable [4], 

so that already a small disturbance, 

induced by the slight difference between 

the lattice constants a•and b* or by CuO­

chain contributions, may deform the Fermi 

surface dramatical ly. So different this sce­

nario may sound from the stripe-scenario, 

they have something important in com­

mon: in both cases an intrinsic instability 

is important. 

400 

200 

0 

-200 

: >sm,> r\ • 
'-rl ~ • • 

Our data put stringent, quantitative con­

straints on stripe theories of high-T, super­

conductivity. They ru le out a large class of 

theories according to which the supercon­

ducting state coexists with a rigid array of 

stripes, over a wide range of hole concen­

tra tions encom passing the 60 and 90 K 

superconducting phases of YBa ,Cu ,06_,. If 

in terpreted as evidence of the theoretica lly 

predicted liquid-crystalline stripe phases, 

they quantify the orientation stripe fluc­

tuations. 
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Figure 3: Scans through the Q . along a· (left) and b' (right) at 
different energies as measured on IN S 1n the underdopedYBa Cu ,O ,, 

sample.The resolution conditions were 1dent1cal along both direc­

tions, so that the scans are directly comparable.The response along 
the two du-ections becomes increasingly different at lower energies. 



magnetism 

Anisotropy of the 
incommensurate spin 
fluctuations in Sr2RuQ4 

The magnetic fluctuations and their anisotropy are studied by polarised 
inelastic neutron scattering in the spin•triplet superconductor Sr RuO,. 
The incommensurate nesting fluctuations are found enhanced perpendicular 
to the planes. In addition. there is clear evidence for broad magnetic 
excitations near the Brillouin-zone centre . 

Initially, the layered superconductor 

Sr,RuO, attracted interest due to its struc­

tural similarity with the high-temperature 

cuprate superconductors [ 1 ]. However, rap­

idly it turned out that the superconductiv­

ity in this material is very unconventional. 

Electrons appear to be paired in triplets 

with a p-wave order parameter symmetry. 

By now, Sr,RuO, is one of the best charac­

terised unconventional superconductors 

[2] 

In contrast to the growing understanding 

of the character of the superconductivity 

in Sr,RuO,, the pairing mechanism remains 

still unsolved. A mechanism based on a 

coupling with magnetic fluctuations is 

quite promising in view of the unconven­

tional character of the superconductivity 

and of the fact that correlations are less 

important in Sr,RuO,, which exhibits Fermi­

liquid behaviour at low temperatures. A 

straightforward explanation of triplet pair­

ing can be given by an interaction mediated 

by ferromagnetic fluctuations as early pro­

posed by Rice and Sigrist [3] . Note that 

ferromagnetism splits the up- and down­

spin bands and thereby favours pairing of 

parallel spins. Our first inelastic neutron 

scattering study, however, found dominat­

ing incommensurate fluctuations at a q-

sixteen I seventeen 

value of (0.3,0.3,0) arising from Fermi-sur­

face nesting. The character of these nest­

ing fluctuations is closer to antiferromag­

netism than to ferromagnetism [4]. Hence, 

till today there persists a discrepancy 

between the observations of the order 

parameter symmetry and the character of 

the strongest magnetic fluctuations in 

Sr,RuO, [5]. 

A solution to this problem was proposed 

more recently by Kuwabara et al. [6], who 

concluded that the observed incommensu­

rate fluctuations at q=(0.3,0.3,0) still can lead 

to a triplet pairing, if they exhibit a strong 

anisotropy. Using longitudinal polarisation 

analysis on IN20 we have determined this 

anisotropy directly [7]. Figure 1 a) shows the 

sum of the scan data across the incommen­

surate position in the spin-flip channel. 

The peak confirms the magnetic character 

of the incommensurate fluctuations, as it 

was previously deduced from its 0- and 

temperature dependencies. No signal was 

found in the non-spin-flip channel. The 

spin -fl ip scattering for three different ori­

entations of the neutron polarisation (see 

figure 1 b) measures different linear com­

binations of the components of the gen­

eralised susceptibilities. Therefore, one can 

calculate the in-plane and the out-of plane 

M. Braden and P. Steffens 
[University of Cologne) 

Y. Sid is and P. Bourges (LLB Soclay) 

J. Kulda {ILL} 

S. Hayden (University of 81 :stol) 

N. Kikugawa and Y. Maeno 
[University of Kyoto) 

components of the general ised susceptibil­

ity (figure 1 cl. without any knowledge about 

the Ru-form factor in Sr,RuO,. The incom­

mensurate signal exhibits a clear anisotropy. 

The out-of-plane susceptibility x"12 at an 

energy of 8 meV is about twice as large as 

the in-plane susceptibility x",0. This result 

is confirmed by an independent experi­

ment on IN22 [10] 
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Figure I : Results of the scans acmss the 
incommensurate position for an energy 
transfer of8 meV atT = 1.5 K. (a) Total sum 
of the spin-flip scattering and the corre­
sponding spin-flip background. (b) Spin-flip 
scatter-i ng for the different orientations of the 
neutrnn polarisation including the spin-flip 
background. In part ( c) we show the out-of­
plane and in-plane susceptibilities. 



The an isotropy of the magnetic fluctuations 

in Sr2RuO, arises from the spin-orbit cou­

pling which is stronger than in the 3d­

transition metal compounds. The sign of the 

anisotropy, x",,,>x'',,,. agrees with the expec­

ta tion for spin-orbit coupling since the 

octahedrons in Sr2RuO, are elongated along 

the c-direction. Figure 2 shows the energy 

dependence of the anisotropy ratio x"jx",,,. 

which rap idly decreases with increasing 

energy. Furthermore, the anisotropy 

decreases upon heating, see reference [7]. 

Both effects appear to be related to the 

neighbourhood of the magnetic ordering; 

in a RPA theory one may explain that the 

anisotropy gets enhanced close to a mag­

netic transition. Also the spin-orbita l cou­

pling will become smeared out thermally at 

high temperature. The observation of size-

• , 

1 --------------- -

0 10 20 30 

E (meV) 

0 .,., 
"' II 

J1 
C 
:, 

8 

220 

200 

180 

160 

140 

120 

100 

80 

60 

0.5 

E = 8 meV 

e HIIQ 
e H.1Q(llab) 
• H .1Q (II c) 

O BGR 

0.6 

300 

0.7 0.8 

(h.h 1,0) 

• • o 6 • 

0 
e Sum SF 
0 BGR 

0.8 0.9 

09 

0 

LO 

1.0 

view of quantum critical­

ity. Any magnetic diver­

gence shou ld occur only 

in one single component 

of the susceptibility, and, 

therefore, scaling con­

cepts should take account 

of an anisotropy. 

Although the anisotropy 

of the spin fluctuations is 

sizeable, it is stil l too small 

to explain a triplet pairing 

in Sr,RuO, based on the 

theory of Kuwabara et al. 

[6]. The analysis of the 

Figure 3: Spin fl rp signal in a scan across the incommensurate 
and across the ferromagnetic q-values for different onentatron 
of the neutron polarrsatron. Weak magnetic scattering rs found 
also away from the incommensurate positron. 

incommensurate scattering in Sr,RuO, in 

absolute units shows that at the interme­

diate energy at least an anisotropy of a 

factor 6 would be required. The question of 

e T- 1.6 K 

e T=ISOK 

• 

40 50 

the superconducting 

pairing mechanism there­

fore remains open. 

Figure 2: Energy dependence of the anisotropy ratio x' 'Jx' ·., 
of the incommensurate fluctuations: the NMR result by Ishida 
et al. [8] is included 

Furthermore, the polar­

ised neutron experiments 

give information about 

the relevance of magnetic 

fluctuations with a quasi­

ferromagnetic character. 

The macroscopic suscep­

tibi li ty is enhanced by a 

factor of 5 compared to 

the bare susceptibi li ty 

Analyses of the quasi-ferromagnetic scat­

tering in Sr,RuO, by unpolarised inelastic 

neutron scattering yield evidence for broad 

magnetic fluctuations around the Brillouin­

zone centre, but can not precisely separate 

it from the background (11]. With the 

polarised experiment we obtain a significant 

progress. The scan in figure 3, which crosses 

the incommensurate and the ferromag­

netic q-values, demonstrates that magnetic 

scattering indeed extends to the ferromag­

netic zone-centre. In a second experiment 

we have focused on this quasi- ferromag ­

netic scattering; it is much less temperature 

dependent in analogy with the macroscopic 

susceptibility. Future experiments should 

quantify the characteristics of the quasi-fer­

romagnetic scattering in order to establish 

the full spectrum of magnetic scattering in 

Sr,RuO,, wh ich will help to solve the super­

conducting pairing in this material. 

able anisotropy in the magnetic fluctuations 

of a transition metal oxide close to mag­

netic ordering [9] is of general interest in 

obtained by LOA ca lcula­

tions. Also, the NMR experiments yield some 

temperature independent signa l which can­

not be expla ined by the nesting signal alone. 



magnetism 

The field-induced magnetic 
phase of the spin ~ -dimer 
system Cs3Cr2Br9 

The field -induced magnetic phase occurring above H , 1.5 T m Cs,Cr Br. 
has been investigated by means of elastic and inelastic neutron scattering. 
on D23 and IN 12, respectively. The magnetic structure was determined 
at 6 T and its field-dependence study shows new behaviours. The spin dynamics 
study revea ls chat the lowest excitation remains gapped above the critical 
field H .A theoretica l description of our results was derived, pointing out 
the crucial role played by single-ion anisotropy and frustration. 

Cs1Cr28r9 (CCB) provides an inter­

esting example of an interacting spin-dimer 

system. In zero field, such a system (as well 

as Haldane and alternating chains, ladders) 

shows a gap E0 between the 5 = 0 state and 

the first excited triplet state. In a magnetic 

field H, because of the Zeeman splitting of 

the 5 = 1 state, a phase transition occurs 

at low temperature at a critical field H,, (g 

µ8 H,, ~ £0), when the lowest gap closes. 

Above H" , the field-induced magnetic 

ordering (FIMO) is due to the inter-dimer 

couplings and concerns the spin compo­

nents perpendicular to H (transverse order­

ing), while a Bose-Einstein transition might 

also occur [1]. 

The antiferromagnetic (AF) couplings of 

CCB (see figure 1) are: J = 1.03 meV (intra­

dimer), J, = 0.054 and J, = 0.039 meV (in-

2 c H ~ ::--'--r~"'=::--'---'r'Q 2 

~ - t l 
k 

- j 

eighteen I nineteen 

plane and out-of-plane inter-dimer, 

respectively) [2]. Cs,Cr2Br9 differs from the 

previously studied spin-d imer systems 

(e.g. TICuCl 3 [3]) both by the large spin 

value (5 = 3/2 Cr'·) and by the hexagonal 

arrangement of the dimers. These two 

features are expected to favor local 

anisotropies and frustration, respectively, 

and should have important consequences 

on the properties of the FIMO. This moti­

vated the present study of the magnetic 

ordering and spin excitations in the FIMO 

phase of CCB [4] The experiments were 

performed on D23 and IN12 using a 350 

mm' single-crystal mounted in a 6 T ver­

tical cryomagnet (with dilution insert) 

with H // a-b. 

Magnetic ordering 
The magnetic structure was determined at 

H = 6 T. It is described by the commensu ­

rate propagation vector k = ( 1 /4, 1 /4, 0) 

Figure I: Transverse (AF) spin ordering of 
the Cr'' ions in the commensurate + + -
- magnetic phase of Cs,Cr Br, for H // a -

b. k is the corresponding propagation vec­
tor The atoms labeled I , 2, 3. 4 point out one 
unit cel l. The ferromagnetic and AF inter­
dimer correlations are 1·ep1·esented, in red 
and blue, respectively. 
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and the magnetic refinement of 123 mag­

netic reflections gives the++ - - co llinear 

structure depicted in figure 1: the 

moments(// c-axis) are perpendicular to 

H, as expected for a FIMO, and the AF 

transverse moment is Mx = 1.60( 1) µ0/Cr'' . 

Note that this ordering yields frustration 

in the inter-dimer couplings J, and J0 (one 

out of three is ferromagnetic). In addition, 

a magnetisation parallel to H arises and 

was determined from the ferromagnetic 

contribution appearing on top of the weak 

nuclear peak (1, 1, 4) : Mz = 0.37(3) µ,JCr3' . 

The field dependence of both the propa­

gation wave vector and the average trans­

verse moment Mx were studied up to 6 T 

by scann ing the strongest magnetic peak, 

(1-k, 1-k, 2) with k~ 0.25, along the (11 0) 

Figure 2: (a) Field dependence of the prop­
agation wave-vector component k and (b) 
that of the parallel (M,) and the average 
ordered transverse (M, ) magnet isations. 
Inset: Scans at 2.9 T in t he ( I I 0) di rection 
acmss the ( 1-k, 1-k, 2) peak, with k ~ 0.25, 
for increasing and deer-easing field. 
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the singlet ground­

state IO> and the low­

est split state I 1,-1 > 

of the initial triplet 

state 11 > , near H,,· By 

projecting the initial 
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Hamiltonian onto 

these elementary 

states (simple FIMO) 
Energy (meV) Energy (meV) Energy (meV) 

an effective a = 1 /2 
Figure 3: Q -constant energy scans measured at the minimum of the dispersion curve. 
Q = (0.27, 0.27, 2), for different magnetic field values: the Zeeman splitting is clearly seen below H,, - 1.5 T and sur­
prisingly, the lowest mode is stil l gapped for H > H . 

pseudo-spin Hamil­

tonian can be derived 

for the FIMO phase. 

direction, for increasing and decreasing H 

(see figure 2). This peak could be detected 

down to 1.5 T, suggesting a critical field H" 

slightly lower than this va lue, in good agree­

ment with the M)H) curve measured on a 

SQU ID magnetometer (closed green trian­

gles). Interestingly, incommensurabilities 

and field hysteresis occur, between 1.7 and 

5.4 T. To our knowledge, this represents the 

first observation of such behaviour in a 

FIMO and should result from interplay of 

quantum fluctuations and frustration. 

Magnetic excitations 
The complete dispersion curves of the three 

S = 1 modes have been obtained between 

O and 6 T [4) from 0-constant energy scans 

such as those plotted in figure 3. A splitting, 

not detected previously [2). is clearly observed 

at H = O (see figure 3). It is accounted for 

by a single-ion anisotropy term D (s'F (X = 

c) at each Cr'· site with O = -0.01 meV, 

explaining the ordered moment orienta­

tion found in the FIMO. Surprisingly, the 

minimum of each dispersion curve was 

found to remain centered at 0,. = Q = 

0.275(5) from O to 5 T, contrary to k which 

shifts slowly from 0.29 to 0.25. 

We focus here on the field dependence of 

the minimum energies of the three disper­

sion curves (see figure 4). Below H ,, the 

Zeeman splitting is clearly observed and 

can be well reproduced using D = -0 01 

meV. In the FIMO, the middle and upper 

gaps behave roughly as gµ11 H and 2gµ11 H, 

respectively. 

More important is the observation of a gap 

in the lower branch, on the entire field 

range: the gap does not vanish around H,, 

(it amounts ~ 0.11 meV) and then slowly 

increases with H up to 0.25 meV at 6 T. 

These results clearly demonstrate that there 

is no massless Goldstone mode, and thus no 

Bose Einstein condensation, in the FIMO 

phase of CCB. 

Analysis of our results 
A FIMO develops each time a crossing occurs 

between two states of the isolated dimers: 

Within a mean-field approximation for the 

+ + - - structure described above, we 

obtain the theoretical prediction shown in 

figure 2b (dashed lines). Good agreements 

are obtained for the critical field H,,. and also 

for the field dependence of both the longi­

tudinal (M) and transverse (M) magnetisa­

tions. The residual discrepancy (150/o for 

Mxl is to be attributed to additional contri­

butions from higher states [5). Taking into 

account the small anisotropy 0, the same 

approach predicts the presence of a gap 

above H" . Its field dependence is given by 

the dashed line in figure 4, in good agree­

ment with the data, but an appreciable 

renormalisation had to be applied: it comes, 

as above, from the additional mixing of 

higher states (extended FIMO) [5]. As 
Cs Cr Br. 

Q = (027, 0.27, 2) 
T - 50 mK. 11// a-b 

,A a general conclusion, we here estab-, 
~ ' lish that a very small anisotropy com-

0 2 4 6 
H (T) 

Figure 4: Field dependence of the energy gaps. The 
orange lines describe the Zeeman splitting below H . with 
s1ngle-1on anisotropy (see text). Above H , the blue lines 
are gµ,,H and 2gµ,H. the purple line describes the low­
est gap E (calculated In ref. [4]). 

bined with frustration effects may 

open a relatively large gap in a FIMO 

phase. 

Conclusion 
We have observed new and peculiar 

features at the onset of field-induced 

magnetic order in Cs1Cr1Br9. They 

should stimulate new developments 

concerning simple versus extended 

FIMO, incommensurability, and hys­

teretic behaviour. 
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Magnetisation distribution 
under pressure in the 
pressure induced 
superconductor CePd2Si2 
We report measurements performed up to - 30 kbar in the pressure-induced 
heavy fermion superconductor CePd,Si2 using polarised neutrons. Such 
measurements allow to microscopically probe the magnetic properties 
of CePd1Si,, at its quantum cri t ical point(~ 28 kbar). A direct comparison 
of results obtained at zero-pressure and under - 30 kbar shows both a strong 
reduction of the induced magnetisation and a change in the global shape of 
the magnetic form factor. Such a change of the magnetic form factor shape 
could be associated to a modification of the cerium valence. Moreover, 
this measurement is the first one combining polarised neutrons, high magnetic 
field ( I OT), low temperature ( 1.4 K) and high pressure (30 kbar) . It opens 
up new possibilities for neutron diffraction studies under extreme conditions. 

Supe rconductivity occurring in 

the vicinity of a Quantum Critical Point 

(OCP) has been observed for a large va ri­

ety of heavy fermion (HF) systems. The 

OCP corresponds to the (quantum) phase 

transition from a magnetically ordered 

state to a disordered state at T = 0 Kasa 

function of pressure, magnetic field, or 

chemical doping. In the vicinity of the 

OCP, the conventional Fermi liquid ground 

state disappears and so-called non Fermi 

liquid behaviour occurs. The nature of the 

excitations giving rise to this state and their 

relevance for superconductivity is still in 

debate. Microscopic probes are thus of 

outmost importance to characterise the 

magnetic properties at the OC P. While 

several precise NOR and inelastic neutron 

scattering studies performed on several 

compounds deal with this point, only a few 

detailed neutron diffraction investigations 

are available. The present neutron diffrac­

tion study performed under pressure on 

twenty I twenty-one 

the HF compound CePd,Si, is aiming at 

microscopically characterise the building 

up of magnetism at a OCP. 

CePd,Si, (y = 250 mJ/molK') is an exemplary 

material showing all the subtleties involved 

in formation of a wide range of physica l 

states. It orders antiferromagnetically at TN 

= 10 K with an ordered moment of"' 0.65 

µ
8
/f.u. which is smal ler than that predicted 

by the crystal field calculations [1], suggest­

ing a partial Kondo screening. The fact 

that the Neel and Kondo temperatures are 

nearly the same (T, "' 10 K) together with 

the strong pressure dependence of the 

Neel temperature implies that CePd,Si, is 

near a magnetic instabil ity [2]. In addition, 

a OCP occurs under the critical pressure, 

p "' 28 kba r. At P,, magnetism is sup­

pressed and a superconducting phase is 

stabilised at low temperature [3]. The strong 

spin fluctuations occurring at such a QCP 

are believed to be responsible for the super­

conductivity 

N. Kernavanois (ILL) 

R. Sadykov {Institute for High Pressure 
Physics. Troi tsk) 

E. Ressouche, 5. Raymond 
and J. Flouquet (CEA, Grenoble) 

P. Lejay (CNRS-CRTBT, Grenoble) 

Figure I: Photog1·aphs of the 30 kbar non­
magnetic clamp cell designed at the Institute 
fo1· High Pressure Phys ics and used in the 
I OT cryomagnet on the polarised neutron 
diffractometer D3. 

The combination of pressure and form 

factor measurement is a powerful tech­

nique to access any evolution of the 4f 

magnetic properties with pressure, when 

passing through a OCP. 

The measurements have been performed 

on the D3 diffractometer using a clamp­

type pressure cell (see figure 1) designed 

at the Institute for High Pressure Physics 

compatible with the D3-10 T cryomagnet 

and the po larised neutron technique. This 

pressure cell, made of NiCrAI and TiZr 

alloys, is non-magnetic and can be loaded 

up to 7.5 tons, which corresponds to 30 

kbar in the sample chamber (using fluo­

rinert as pressure transmitting medium). 

Its reduced size (34 mm in diameter and 

104 mm in height) is well adapted to 

most of the standard sample environ­

ment equipment. Measurements with and 

without pressure were done using the 

same CePd,Si , si ngle crystal (3 mm in 

diameter and 10 mm in height) with the 



same orientation in an external 

magnetic field of 9.5 T. 

Figure 2 shows a comparison of 

the magnetic form factors 

0.35 

0.30 --

....,_ 0.25 

E 
~ 0.15 

t 
~ 

f 010 

0.05 

CePd S, 

--i 
• B - 9.5 T • T - 12 K • p - 0 kbar 
• B = 9.5 T. T = 1.4 K - p = 30 kbar 

of the crystal field by the strong 

local fluctuations as pointed out 

by resistivity measurements [6] 

which show that the Kondo 

energy scale and the crystal field measured in CePd 2Si 2 at two 

different pressures (ambient 

pressure and == 30 kbar). In both 

cases, the measurements have 

been performed in the para­

magnetic state: at T = 12 K (that 

is above the Neel temperature 

of 10 K) for p = O kbar and at 

1.4 K (the lowest accessible tem­

perature in the cryomagnet) for 

p == 30 kba r. At the latter pres­

sure, we checked that no anti­

ferromagnetic contributions 

were visible, which confirms 

that the crystal was in the para­

magnetic phase, near the OCP 

Figure 2: Magnetic form factors measured in the CePd,Si, paramag­
net ic states: above I 0 K at p = 0 kbar (blue ci rcles) and at the low­
est accessible temperat ure ( 1.4 K) at p = 30 kbar (red circles) . Pre­
liminary refinements within the dipolar approximation are shown as 
dotted lines. 

splitting are equal at around 30 

kbar. The underlying concept is 

that the collapse of a long range 

antiferromagnetic ordering can­

not be described only by a spin 

fluctuation approach, a modifi ­

cation of the Fermi surface 

when passing through the OCP 

must also be considered [7]. This 

decrease of C2 with pressure 

indicates that the form factor is 

less extended towards high 

sin0/A values in reciprocal space, 

which implies an expansion of 

or just above. Attempts to determine the 

pressure were made using a NaCl single 

crysta l. The large uncertainty in the pres­

sure determination, p = 39 ± 12 kbar, is due 

to the poor resolution of the Heusler 

monochromator, and to the low intensi­

ties of the NaCl Bragg peaks at large 

sin0/A. It should be noticed that at such 

a pressure, the sa lt strongly suffers from 

the non-perfectly hydrostatic pressure 

conditions and is characterised by a very 

large mosaicity. 

Two main features appear from this com­

parison: iJ a reduction by a factor 1.3 of 

the induced magnetisation (0.30(1) and 

0.23(1) µ)2f.u . (formula unit) at p = 0 

and 30 kbar, respectively); ii) a change in 

the global shape of the magnetic form 

factor. A preliminary least-squares refine­

ment within the dipolar approximation 

has been performed. With in th is scheme, 

just the isotropic term in the develop­

ment of the form factor is considered and 

the Ce'· form factor is written fC' (h, k, I) = 

<j0> + C2 <j,> with <j0> and <j,> the 

radia l integrals tabulated in reference [4]. 

The refined values of C2 are 1.64(11) and 

1.25(20) at p = O and 30 kbar, respec­

tively. The zero-pressure value of C2 is in 

perfect agreement with the calculated 

one of 1.6 for a Ce'· valence state [5]. The 

decrease of C, with pressure could then be 

associated to a valence change of the 

cerium atoms from Ce'· to Ce1J.61' . This 

appearance of an intermediate-valence 

regime can be interpreted as a wipe out 

the 4f wavefunctions in direct 

space when approaching the QCP. The 

final analysis of the data is ongoing. Nev­

ertheless, these preliminary resu lts already 

seem to evidence a modification of the 

magnetic properties of the 4f Ce elec­

trons with the pressure. 

Besides the scientific aspects, the present 

measurements form already a first step 

towards the development of user-friendly 

experiments under pressure on the D3 

spin polarised hot neutron diffractometer. 

It should also be noticed that the combi­

nation of polarised neutrons, high mag­

netic field (9.5 D. low temperature ( 1.4 Kl 

and high pressure [30 kbar) achieved for 

this experiment can also be of interest for 

other measurements on other instruments. 
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Magnetisation distribution 
measurements from 
powders using 
a 3He spin filter 
The measurement of polarised neutron-dependent cross-sections is an 
extremely powerful technique that provides mformatton on the distribution 
of magnetisation tn materials with unpaired electrons. High quality data can 
even be used to deterrmne the tensorial nature of the local magnetisation 
and so provide direct informatton about the electronic configurations of 
the valence shells. At present, the employment of the technique only at single 
crystal diffractometers (e.g. DJ ac ILL) means that its apphcatton 1s limited 
to subjects where the single crystals are available.The development of this 
technique for the study of powder and polycrystalline samples could open 
the door to new fields of science. Years ago, measurements on powders 
demonstrated the great potential of the technique. but they remain isolated 
studies that did not explore either the technical issues assooated with 
powdered samples or the application to weakly magnetic samples, as would 
be important to chemistry and b1ochem1stry. 

The well-known powder diffrac­

tometer O 1 B has been modified for the 

collection of polarisation-dependent cross­

section data using a 3He spin filter. The 

standard collimator located in between the 

monochromator shield ing and the sample 

table has been replaced by the magneto-

Figure I: The experimental team on DI B. 
From the left: Francis Tasset, Andrew W ills. 
Eddy Lelievre-Berna and N olwenn 
Kernavano1s. 

twenty-two I twenty-three 

static cavity Cryopol [1] and a new collima­

tor containing guide-fields ensuring the 

adiabatic transportation of the polarisa­

tion to the sample located in a 5 T cryomag­

net (figure 1 ). Great care was taken over the 

effects of depolarisation and absorption 

of the neutron beam by the powder. The first 

of these effects was explicitly measured in 

our experiments using a Cu,MnAI Heusler 

crystal that was glued to the side of the 

vanadium sample can. The data collected 

from the [ 111] reflection of the Heusler 

positioned in front and behind the sample 

characterised the depolarisation. The 

absorption was measured with a monitor 

positioned before and after the sample. In 

order to take into account the effects of 'He 

polarisation relaxation, data were collected 

using a repeated (+--+) neutron polari­

sation sequence. 

In the case of powder samples better qual­

ity information can be derived from the 

A.S. Wills (UCL and The Royal Institution 
of Great Britain, Landon) 

A. Sella (UCL, Landon) 

E. lelievre-Berna and F. Tasset {ILL) 

F.G. Cloke (University of Sussex, Bnghton) 

P.l. Arnold (Un,vers,ty of Nottingham) 

J. Schweizer (CEA, Grenoble) 

R. Ballou (CNRS, Grenoble) 

difference data I, - I as contamination 

from the cryomagnet and sample can is 

then cancelled, within statistics, and only 

magnetic data are left. The difference spec­

tra are related to M and N according to 

I, - I = 4 K P, 0 N M where K is a sea le fac­

tor that contains the Lorentz factor, the 

multiplicity and the absorption coefficient 

for each reflection, P is the incident polar­

isation, 0 is the depolarisation of the beam, 

N and M are the nuclear and magnetic 

structure factors respectively (the fl ipper 

efficiency of Cryopol is 99.90/o). 

In order to determine the sensitivity of the 

technique, we have measured the difference 

spectra of the weak ferromagnet YNi 1 below 

T, = 30 K. Previous workers had already 

determined the magnetisation density dis­

tribution from single crystal data [2] . The 

successful observation of the small satu­

ration moment (0.04 µ
0 

per Ni atom) after 

a 15-hour data collection attests the high 

sensitivity. Indeed, the flux at the sample 

position was only 5x10' n cm s ' at 2.52 A 
on 01 Band a much better statistics could 

be obtained in one hour on 020. 

Prussian Blue, Fe/ [Fe'(CN)J,•xOP, is an 

archetypal mixed-valent molecular ferro­

magnet. It displays ferromagnetic ordering 

of the Fe(III) spins below T = 5.5 K. As the 

magnetic Fe(II I) ions are well separated, it 

is believed that central to the magnetism 

is a contribution from what would na"1vely 

be expected to be low-spin diamagnetic 

Fe(II) ions. Arguments based on the charge 

transfer transition in the optical absorption 
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position is also observed. Initial refinement 

suggests values for the spontaneous mag­

netisation of 3.0 ± 0.1 and 0.3 ± 0.1 µ8 per 

atom respectively. 

Figure 2: The Prussian Blue difference spectra collected in I O hours with neutmns of 1.28 A 
after corTection for-the time-dependent r-elaxation of the 'He spin filter. Fits of Gaussian func­
tions to the ind ividual reflections are shown. 

This experiment demonstrated the ease 

with which a powder diffractometer may 

be adapted for use with polarised neutrons 

with the help of large area neutron polaris­

ers (3He filters). Such devices can be included 

in the design of any new instruments. The 

high intrinsic sensitivity of the technique 

(measurement of NxM instead of N' + M') 

is evidenced by the observation of magnetic 

scattering from 0.04 µ0 per Ni in YNi'° It 

encourages the study of the magnetisation 

distributions in chemical, physical and bio­

logical powder samples. This technique can 

apply successfully to relatively weak ferro­

magnetic systems without strong 

anisotropy but wi ll not compete with the 

determination of the magnetisation distri­

bution in single crystals. 

spectrum at 14100 cm ' that leads to its 

well known intense blue colour, led Day 

and co-workers [3] to search for spin trans­

fer from the high-spin Fe(III) to the diamag­

netic Fe(II) using flipping-ratio measure­

ments. As Prussian Blue is only known in 

powder fo rm, their measurements on the 

polarised neutron single-crysta l diffrac­

tometer 05 at the ILL demonstrated well the 

restrictions associated with the study of 

powders. In their study only 3 reflections 

could be resolved allowing them to deduce 

a maximum amount of transferred spin as 

0.003 ± 0.D26 µir 

In our measurements a total of 11 reflec­

tions were clearly discernible in the differ­

ence spectrum col lected for 10 hours (fig ­

ure 2). Nuclear structure factors were taken 

from data collected in the paramagnetic 

phase at 20 Kin zero applied field, and used 

to calculate the magnetic structure fac­

tors. Determination of the magnetisation 

distribution was carried out using the Max­

imum Entropy software MEMSYS 3 and 

PRIMA The major features of the mag­

netisation maps generated by both codes 

are the same (figure 3): unpaired spin den­

sity is largely localised at the Fe(III) position 

but a significant component at the Fe(II) 

Figure 3: MaxEnt reconstrnction of the magnetisation map in Prussian 
Blue.The high density corresponds to Fe(I II) and the low density to the 
fermmagnetic component present at the Fe(II) ion. 
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Direct observation of the 
flux-line vortex glass phase 
in La1.9Sr0.1CuQ4 
The magnetic phase diagram of high-temperature superconductors can contain 
many exotic vortex phases not observed in conventional superconducting 
materials. For example. the familiar vortex lattice may melt at high 
temperatures into a vortex liquid. The Influence of defects, which pin the 
vortices, is of particular interest from both a theoretical and an experimental 
point of view. We have used a combination of small angle neutron scattering and 
muon-spin rotation to probe the order of the vortex system on 
a microscopic scale. As a function of applied magnetic field we observe 
a transition from an ordered vortex state to a vortex glass phase that results 
from the presence of random prnning. 

In conventional type II supercon­

ducting materials there exist two distinct 

magnetic phases. In the Meissner phase 

superconducting screening currents exclude 

externally applied magnetic fields from the 

bulk, while in the mixed state obtained at 

higher fields the magnetic field is al lowed 

to thread the sample in the form of quan­

tized rods of flux. These interact to form a 

flux line lattice (FLL), usually of hexagonal 

symmetry. In high-Tc cuprates the combi­

nation of extreme material parameters and 

high temperatures gives rise to a zoo of 

exotic vortex phases. In recent years there 

has been particular interest in the effects 

of random point pinning on the long range 

order of the vortex system. Pinning sites 

attract vortex cores, and these forces com­

pete with the elastic (electromagnetic) 

interactions between vortices. The current 

theoretical perspective is that weak disor­

der should give a "Bragg glass' (BG), which 

retains the topological order of the flux 

line lattice (FLL) but gives broadened diffrac­

tion peaks [ 1 ]. The BG concept accounts for 

the observation of an apparently ordered 

FLL in many systems (e.g. [2,3,4]). Strong dis-

twenty-four I twenty-five 

order should result in the topologically dis­

ordered ·vortex glass' (VG) [1]. A transition 

from a BG to a VG is predicted to occur as 

the applied magnetic field is increased. 

Microscopic evidence for a field driven 

transition to a disordered vortex phase has 

previously been observed in the extremely 

anisotropic cuprate superconductor 

Bi2Sr2CaCuPe.,, (BSCCO) [2,5]. In that sys­

tem, however, the vortices are quasi-two 

dimensional, and are quite different from 

the rigid rods of flux found in conventional 

superconductors. The novelty of the vortex 

system presented here, in La 19Sr0 ,CuO, 

(LSCO), is that the vortices are fairly rigid 

vortex lines that are nonetheless highly 

susceptible to transverse fluctuations due 

to thermal effects or the presence of point 

disorder. As well as presenting a simple 

system to relate to theoretica I treatments 

of the BG-VG transitions, it also makes it 

easier to trace the evolution of the disor­

der into the high field reg ion of the phase 

diagram. 

We have used a combination of small angle 

neutron sca ttering (SANS) (on 022, ILL) 

and muon-spin rotation (µSR) (GPS on the 
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1tM3 beam line at PSI). These are two highly 

complementary techniques, since µSR 

measures the probability distribution of 

the internal fields arising from the vortex 

lattice, and can continue to give clear infor­

mation on the local order in the system even 

when the disorder is such that SANS meas­

urements become extremely difficult. Even 

in the well-ordered BG phase, SANS on 

this system is rather challenging compared 

to many other superconducting systems. 

This is due to the rather long superconduct­

ing penetration depth(,\.,) that determines 

the magnetic contrast inside the sample, 

yielding a scattering cross-section that is 

od.;;, . 

Figure 1 is an example of the SANS data 

from the vortices at an appl ied field of 

Figure I : Diffraction pattern from the vor­
tex system obtained on D22 at an applied 
field of 150 Oe and a temperature of 6.2 K. 
below the Bragg glass to vortex glass tran­
sition. 



150 0e [6] . The intrinsic weakness of the 

scattering and the low scattering angles for 

th is large inter-vortex distance means that 

long counting times are requ ired to obtain 

such images. It is also necessary to account 

for the much larger scattering from mate­

rial defects, by subtracting off a background 

measured in the normal (non-supercon­

ducting) state. As the field is increased 

there is a rapid fall in the scattering inten­

sity and an increase in the radial width of 

the Bragg spots due to a reduction in the 

transverse correlation length (7,8]. 

The transition to the VG phase can be 

mapped out in the B-T plane most efficiently 

using µSR. The shape of the probability 

distribution for internal fields p(8) is very 

sensitive to changes in the local vortex 

arrangement. Using Monte Carlo simula­

tions it is possible to extract the structure 

factor S{q) related to the local two-body vor-

tex correlations [9], which may 

be compared with measure­

ments of the same quantity 

via SANS [8] A simple meas­

urement of the width of p(.8), 

denoted cr(H, 7), can illustrate 

the dramatic changes in vortex 

order close to the transition 

[figure 2). Disorder in a system 

composed of vortex lines will 

always lead to an increase in 

cr(H,7) (10], and we observe a 

dramatic increase in this 

parameter around the transi­

tion to the VG phase. Interest­

ingly, the BG-VG transition is 

marked by a minimum in 

cr(H, 7), as illustrated in figure 2. 

This arises since at low fie lds 

Figure 3: A summary of the phase diagram derived rom 
our published data on neutron, muon and magnetisation 
measurements [ 6]. B.(T) follow s the minima in the isotherms 
of cr (H). B,(l) indicates a peak in t he magnetisation data 
often associated w ith the BG-VG transition. B,,(l) marks the 
onset of hysterelic behaviour in magneti sa tion measure­
ments, sometimes identified with the vor tex lattice melt-

ing transi tion. 

the vortices are more dilute and interact less 

strongly, so in it ia lly the increasing fie ld 

works to pack them into a more ordered 
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Figure 2: The variation of the width cr (H,l) of the prob­
ability distribution of internal fields, determined by muon­
spin rotation measurements. The valley in cr(H.1), schemat­

ically traced by one of the dashed lines, locates the bound­
ary of the Bragg glass to vortex glass transit ion.The other 
line indicates the vicinity of the vortex lattice melting line, 
which is close to the macroscopic 1rrevers1bli1ty line of 
figure 3. 

arrangement. However, above 

the transition there is a rapid fall 

in the transverse correlation 

length, leading to a sudden 

increase in cr(H, 7). 

A summary of some of the 

combined findings of published 

SANS, µSR and magnetisation 

measurements is given in the 

phase diagram of figure 3. The 

power of using microscopic 

techniques is particularly appar-

ent upon contrasting the lines 

8) 71. reflecting the change in 

local order, with 8,.,( 7), a signa­

ture in the bulk magnetisation 

frequently associated with the 

transition. The lines are clearly 

very different, reflecting the dif-

ferent conditions and parameters that are 

measured in each case. The neutron and 

muon experiments probe the system in a 

field-cooled state, while the magnetisa­

tion measurements determine the macro­

scopic properties of a system possessing 

strong flux gradients, and reflect the chang­

ing dynamic response of the vortices. The 

SANS and µSR results are clearly more 

directly comparable with theoretical descrip­

tions of the equilibrium statistical physics 

of the system. It is worth noting that the 

upward trend of 8,(7) with increasing tem­

perature is reminiscent of theoretical pre­

dictions for the BG-VG transition due to the 

reduced effectiveness of pinning at higher 

temperature [ 1, 11 ]. Further details of this 

work can be found in reference [6]. Current 

work is focusing on a determination of the 

correlation function of vortices inside the 

vortex glass phase, using both SANS and 

µSR. 



magnetism 

A magnetic emulsion 
An anomalous o -• dependence of the magnetic small angle neutron scattering 
from compounds just beyond the percolation thresho ld for ferromagnetism 
has been observed in the Y(Mnfe). Laves phase system.This scattering, 
seen for the first time in a magnetic system. is attributed to Kirste-Porod-like 

higher order surface scattering from unusually sharply defined but very highly 
convoluted interfaces between the ferromagnetic percolation clusters and 

the residual ant1ferromagnetically correlated spin fluctuation matrix. an unusual 
morphology analogous to that of a b1continuous emulsion. 

Over the last three decades 
small angle neutron scattering (SANS) has 

proved extremely useful in mapping the 

evolution of spin correlations in the vicin­

ity of the critical concentration for long 

range ferromagnetic order in percolating 

alloy systems. In most cases the 

0(=4rrsin0/1c)-dependence of the mag­

netic intensity can be represented either 

by a simple Lorentzian function, repre­

senting Ornstein-Zernicke-like critical scat­

tering, or by a combination of Lorentzian 

plus squared Lorentzian scattering, with 

the latter term accounting for the effects 

of random magnetic exchange or 

anisotropy [1] . It is therefore expected 

that the SANS cross section from such 

disordered magnetic systems will show a 

gradual progression from a Q ' -like 

dependence at high temperatures to a 

Q-' -like dependence at low temperatures. 

tively uncommon in SANS and to our 

knowledge such a high power has never 

been observed for a magnetic system. 

To find an explanation for the observed 0-

dependence we have had to look beyond 

existing models of SANS from disordered 

magnets, and have turned instead to scat­

tering processes associated not with the 

spin correlations themselves but with the 

surfaces of the magnetic percolation clus­

ters resulting from those spin correla­

tions. 

For any two phase medium 

in which the interface 

between the two phases is 

sharp and well defined on 

100 
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However for both situations ~ is always 

found to be less than 2, both experimen­

tally and theoretically. 

Teubner [3]. on the other hand, has pro­

vided a rigorous and concise derivation of 

Porod surface scattering, and its related 

second order component, generally known 

as Kirste-Porod scattering [4]. for systems 

such as bicontinuous microemulsions in 

which the interface surfaces are extremely 

thin but smooth. Teubner found 

where the magnitude of the Q" term 

depends upon the relative Gaussian (K), 

and mean (H) curvatures at the scattering 

surface. For extreme Gaussian curvature, 

ie for extremely convoluted surfaces, it is 

clear that the 06Kirste-Porod contribution 

can be significant. Moreover, within this 

model the coefficient of the Q • component 

can be interpreted as a measure of the 

T(K) 
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In this context our recent D11 SANS stud­

ies of spin correlations in Y(Mn, .Fe.J. have 

yielded highly anomalous results: for alloys 

just beyond the critical concentration for 

ferromagnetism (x~0.3). the magnetic 

SANS intensity follows a Q u dependence 

with a increasing from 2 at high temper­

atures to 6 at low temperatures. Scatter­

ing powers greater than a=4 are rela-

length scales shorter than 

2rr0 ', the associated SANS 

scattering function follows 

the familiar Q·' Porod form 

[2]. Occasionally even more 

pronounced Q dependences, 

Q 1•·~•. are observed and 

attr ibuted variously to 

"fuzzy" Porod scattering, 

associated with less wel l 

defined interfaces. or to scat­

tering from fractal surfaces, 

for which ~=(2-D) where D 

is the fractal dimensional ity. 

0 1~-~~-~~--~-~---
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Figure I: The Q-dependence of the SANS 1ntens1ty from 
Y (Mn le ) at several temperatures. Note the cross-over 
from Q ' to Q '· scattering with decreasing temperature.The 
Curie temperature for this sample 1s 260K. 



The small-angle scattering instrument D I I . 

'non-sphericity' of the scattering surfaces 

within the Porod regime. 

In the case of Y(Mn ,Je.), we believe the 

magnetic surfaces responsible for the 

highly unusual Kirste-Porod-like Q 6 scat­

tering are those associated with extremely 

sharply defined, non-spherical and highly 

convoluted interfaces between "ferromag­

netic droplets", i.e. the percolation clusters, 

and the surrounding matrix. 

Clues to the origin of the unusual cluster 

morphologies within Y(Mn ,Je.)1 may be 

found in the magnetic phase diagram. 

The substitution of only 2.5 at 0/o Fe for Mn 

in the itinerant electron helical antiferro­

magnet YMn, results in a marked decrease 

of the volume of the unit cell and an asso­

ciated collapse of both magnetic order 

and the Mn moment itself [5], leaving a 

Pauli paramagnetic state dominated by 

massive antiferromagnetically correlated 

longitudinal spin fluctuations. With fur-

o LL--'---.L.....l_j__J,_LJ..--'---L---'---..L....Jc....l!i!m•W 
1()() 150 200 250 300 

ther additions of Fe the transition metal 

moments appear to re-localise giving rise 

first to a spin glass state and ultimately to 

extremely inhomogeneous ferromagnetic 

order beyond a percolation threshold of 

approximately x,~0.3. The resulting sharply 

defined but highly convoluted ferromag­

netic clusters are embedded within a resid­

ual spin fluctuating, but antiferromag­

netically correlated, matrix - effectively a 

magnetic emulsion. 

Temper·ature-'('-K)'----------' 

Figure 2: The temperature dependence of the relative non­
sphericity parameter forY(Mn . .Fe J. denved from Teubner's gen­
eralised Kirste-Porod law. 

Figure 3: A schematic model of the Y(MnFe), "mag­
netic emulsion" containing magnetic percolation clus­
ters with sharply defined but highly convoluted non­
spherical surfaces with extreme Gaussian curvature. 
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chemistry and structure 

Paul Henry, College SA secretary 

Whatever family of materials you are interested in, an intimate knowledge of structure is pre-requisite to understand­

ing and controlling physical properties.The neutron is an ideal probe for condensed matter and the advantages of neu­

tron diffraction over; and complementarities to, X-ray diffraction are well documented and need not be repeated 

here. In the modem world of bigger; better; faster and more, the ILL is at the forefront of providing new and improved 

instrumentation to satisfy the needs of the scientific community. briefly summarised below. 

Instrument/sample environment news - In powder diffraction, the D20 high take-off angle setting, was frequently exploited 

by users during 2004 and is well represented for experiments scheduled during 2005. Many highlights using this set­
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up will be presented in the Chemistry and Structure and Magnetism sections of next 

year's annual report Also, 2005 will see the installation and commissioning of a radial 

oscillating collimator on D20. Data collection and refinement on a 30-mg sample ofCeO, 

showed the power of the new super-D2B detector. The strain imager SALSA (for engi­

neering applications) collected its first neutrons during 2004 after more than three years 

of development work, which means that D I A returns to a full-time diffraction instru­

ment in 2005. In single crystal diffraction, the upgrades to the D 19 detector array have 

continued and the new banana detector will be installed and commissioned during 2005.The original blue Fuji image 

plates on VIVALDI were replaced during 2004 by white Fuji image plates that contain a proportion of Gdp1 giving a 

three-fold improvement in detection efficiency for thermal neutrons. Separately, a major sample environment project 

over the last few years has been the development of a new Paris-Edinburgh press (to I O GPa) compatible with low 

and variable temperature and its associated cryogenic device (down to 4 K). Commissioning experiments have been 

performed with this press, which will impact positively on all the major scientific communities (structure, chemistry mag­

netism, geophysics, etc). With the upgrades to D2B and D20. the long-term future of DI A will be reviewed in 2005, 

as will the needs of the community in the future for new diffraction instrumentation. One such proposition, 

DRACULA, is optimised for small samples and extreme conditions comprising a D 19-type banana detector and a 

neutron flux and resolution comparable to the high take-off angle setting of D20. Interesting times lie ahead! 

The number of proposal applications has continued to increase and the subcommit­

tee round in autumn was another record for College SA (crystallography). It is clear 

that the number of groups applying for t ime at the ILL is increasing, and the recent 

decision by the ILL to award up to I 0% of total beamtime allocated to non-mem­

ber or affiliate countries should further increase this userbase. In order to meet this 

increased demand, a determined effort has been made to make available as much 
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time as possible to the user community for invited experiments and to further optimise beam use. 

The choice of highlights is extremely restricted and only a small part of the science performed at the ILL can be 

presented here. During the year, two structural studies on spinel based battery electrode materials using D I A by the 

groups of C. Bellitto et al. and R. Alcantara et al., illustrated the high interest and activity within this technologically 

important field. A texture analysis of alumina ceramics by D. Chateigner et al. using D I B utilises of Rietveld analysis to 

provide a basis for the correlation of texture, microstructural parameters and anisotropic properties. Finally an in-situ 

investigation of the crystallisation of isopropanol simultaneously with measurement of dielectric spectroscopy by M. 

Jimenez-Ruiz et al., also using D I B. demonstrates that the breakage of the hydrogen-bond network 1s a precursor step 

for the crystallisation of isopropanol. 



chemistry and structure 

Changes in the local structure 
of LiM~Ni05_rMn1.5Q 4 

electrode materials during 
Lithium extraction 
The effect of composition and preparation temperature on the structure 
of LiMg,Ni05 _,Mn, 50 , compounds were studied. For y ~ 0.25 , cation ordering 
in a P4332 superstructure takes place on increasing the annealing temperature 
from 450 to 75O°C. In contrast, a loss of ordering is found for LiNi01Mn 1 50 , 
when the preparation temperature increases from 700 to 8OO°C. From EPR 
spectra it is shown that the apparent g-factor is more sensitive towards the 
magnetic dilution of the Ni 1

' sublattice by Mg2' or Mg 2 ·/Ni 2

· , while the line width 
undergoes little change. Electrochemical lithium extraction in the 5-V region 
was hindered by the presence of large amounts non-electroactive Mg2· ions. 
Lithium extraction from LiNi05Mn, 50 , leads to a loss of intensity in the EPR 
signal as a consequence of the oxidation of paramagnetic Ni1' to diamagnetic 
Ni'' without sign ificant changes in local environment of Mn•·. For fully 
delithiated Li , ,Ni05Mn , 50 , oxide, the EPR spectrum from localised Mn•· ions 
is observed, indicating an exhaustion of paramagnetic Ni ' ' ions in the 
vicinity of Mn•· ions. Microstructural and electro-chemical properties 

of LiCo.fe,Mn1_1,.,,0, compounds are also discussed. 
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superstructure lines is observed, while the 

changes are less obvious from 750 to 

800"C. To overcome the difficulties related 

to the similar X-ray scattering factors of 

Mn and Ni, neutron diffraction was used 

to study LiNi05Mn,50,. In this sample, a 

decrease in the intensity and increase in 

line broadening is observed on increasing 

preparation temperature. Thus, tempera­

ture and annealing time, as well as the 

presence of other elements such as Ti [1] 

and Co [2]. cond ition the development of 

ordering in these systems. Neutron diffrac­

tion patterns (D1A instrument) for 

LiNi05Mn 150, obtained at 700 and 800°( 

showed loss of ordering when the temper-
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Manganese-containing spinels 

are used as high voltage-electrodes in 

lithium-ion batteries [1-5]. Structural infor­

mation based on X-ray and neutron dif­

fraction has revealed cation ordering in the 

spinel structure. This effect leads to the 

appearance of a superstructure, which 

can be indexed in the P4J32 space group 

and is dependent on the magnesium con­

tent and the preparation temperature. 

Thus, on decreasing the Ni/Mg ratio and 

on increasing the annealing temperature 

from 450 to 750°C for LiMg05Mn.,O,, low­

intensity superstructure lines become vis­

ible. The XRD pattern of LiNi05Mn,50, and 

LiMgo,sNirnMn ,50, samples could be 

indexed in Fd3m corresponding to a high 

purity spinel phase. In the cubic spinel 

notation, the lattice constant increases 

with the Mg amount in LiMg,Ni, .,Mn,,_O, 

compositions: o= 8.153 A; 
a = 8.180 A. and o= 8.193 A for 

y = 0, 0.25, and 1.0, respec­

tively. For LiMg01Mn 150,, new 

reflections occur, which are 

ascribable to a P4) 2 lattice 

derived from Mg and Mn order­

ing in 16d sites of the initial 

Fd3m structure. The extent of 

metal ordering in the end mem­

bers was also examined as a 

funct ion of preparation tem­

perature. For LiMgo.sMn,50,, sig­

nificant changes are visible in 

the X-ray diffraction patterns 

obtained for samples annealed 

between 400 and 800°C. On 

increasing preparation tem­

perature up to 750°C, an 

increase in the intensity of the 

Figure I: Neutron diffraction patterns of LiN, " Mn , 0 , 
obtained at 800°C. 
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Figure 2: Neutron diffraction pattern of LiN , Mn 0 , 
obtained at 700°C showing additional lines due to a P4 32 
superstructure. 



ature of synthesis was higher (figures 1 and 

2). From the well-resolved FTIR spectra, the 

Ni and Mg cation distribution could be 

concluded [3] . 

Electrochemical lithium de-intercalation 

from LiNi0 ,Mn,,O, takes place through a 

two-phase mechanism at ea. 4.7 V, involv­

ing the Ni'· /Ni '• red ox couple and show­

ing a reversible specific capacity of about 

130 mAh/g. The extension of the 4.7 V 

region decreases with increasing Mg-con­

tent. Nevertheless, cycling in the 3 V region, 

which implies lithium insertion in octahe­

dral sites (16d) along with Mn•· reduction 

to Mn1· , leads to an extended plateau in 

which capacity increased with annealing 

temperature for LiMg05Mn" O' samples 

(figure 3). 

The LiNi0 ,Mn ,,,O, compound shows a fer­

rimagnetic order in the spine/ structure 

below TN= 130 K. Above the magnetic 

ordering temperature, some residual anti ­

ferromagnetic Ni'• -0' -Mn'· interactions 

are preserved, culminating at T > 450 Kin 

the paramagnetic state. The EPR spec­

trum of LiNi0 ,Mn,,O,, recorded in the 140-

410 K range consists of resonance absorp­

tion characterised by a Lorentzian line 

shape. On cooling, there is a strong res­

onance sh ift, with the apparent g-factor 

changing from 2.022 to 1.946. In the same 

temperature range, line narrowing takes 

place [3]. The signal disappears below 150 

K. Thus, the EPR response from LiNi05Mn ,,,O, 

can be associated with the residual anti­

ferromagnetic correlations between Ni'• 

and Mn'· ions. The EPR spectra of Ni-Mg­

Mn spine/ oxides show significant changes 
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Figure 3: Typical voltage-curves for Li,Mg Mn O , (blue line) 
and LiNi Mn O (red line). 

in resonance shift when diamagnetic Mg'· 

ions substitute paramagnetic Ni'' ions in 

the spine! framework [3] . The changes in 

line-width are less abrupt. The EPR behav­

ior of LiMg,_Mn 0, is determined from 

localized Mn'· ions. The extraction of 

lithium from LiNi0,Mn,,O, samples leads to 

EPR signal intensity loss as a consequence 

of the oxidation of paramagnetic Ni'· by 

diamagnetic Ni '· without significant 

changes in local environment. The fully 

del ith iated oxide shows a different spec­

trum exclusively caused by Mn'· ions but 

different to that of LiMg",Mn" O, sam­

ples also ascribed to this ion. The pre­

dominance of superexchange ferromag­

netic interactions in the latter would jus­

tify the different profiles. Li reinsertion in 

LiNi0,Mn,50, shows a good recovery of 

the initial properties, making evident the 

notorious reversibility of this cathode 

material. 

Rietveld refinement of neutron diffrac­

tion patterns of LiC00,Fe0,Mn 160, (Fd3m s. 

g.) shows that best fitting is obtained when 

Ba site occupancy is restricted to lithium 

ions [2]. The refinement shows the com­

plete occupancy of 16d sites by cobalt, 

iron, and manganese ions in stoichiomet­

ric ratios. For LiCo.Fe,Mn,,,.,P, compounds 

the incorporation of iron and coba lt in the 

manganese spine/ changes the shape of the 

voltage vs capacity curves in both the 

charge and discharge branches. Thus, for 

a manganese substitution lower than one 

manganese per formula (x + y < 1) an 

extended pseudo-plateau at ca.4 V is 

observed, which corresponds to oxidation 

from Mn '· to Mn •· [2] . A maxi mum 

reversible capacity of ea. 130 m Ah/g is 

achieved for LiC0J e0,Mn "_O, in the com­

plete potential range, including 4- and 5-

V pseudo-plateaux. However, the progres­

sive substitution of manganese (up to x + 

y = 1) results in a reduction of the 4-V 

reg ion and an increase of the extension of 

a 5-V pseudo-plateau. For LiCo08Fe ,,MnO,, 

'·'Fe Mbssbauer spectra reveal high-spin 

Fe3· ions in octahedral coordination in the 

pristine sample, which are oxidized to 

tetravalent iron ions upon electrochemi­

cal lithium extraction near 5 Vand through 

a single cubic phase mechanism [2, 5]. 
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Effect of doping LiMn20 4 

spinel on its use as 
cathodes in Li-ion batteries 
LiMn20 , spinel is a promising cathode material for Li-ion batteries, and doping it 
with small amounts of other metal ions has a remarkable effect on its 

electrochemical properties. In order to elucidate the relationship between 

structure and the electrochemical performance of doped compounds, with the 

general fo rmu la Li 1.,Mn2-xM',O , (x.,;0. I; y-=;0.02, M '=dopanc metal ion). powder 

neutron diffraction experiments have been coupled w ith electrochemical data. 

Whereas the capacity of the spinels doped with trivalent metal ions is much 

greater, cyclic fad ing properties are much enhanced with the use of divalent 

metal ions. It is suggested that the occupancy of the tetrahedral sites is critical 

to the improved structural stability on Li insertion/extraction, but chat this 

ultimately hinders the movement of Li . 

chemical performance [2-4]. 

In order to correlate the reduction of 

capacity on de/re-intercalation {cyclic fad­

ing profile) and structural parameters, we 

have studied a series of doped compounds 

of formu la Li 1.vMn2,M',O, (,<.,;0.1 ;y.,;0.02) by 

a combination of neutron diffraction 

measurements and electrochemical exper­

iments [5]. The powder neutron diffraction 

technique is particularly sensitive to cation 

distribution in the crys-
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the DlA diffractometer and the structural 

and profile analyses refinements were 

carried out by the Rietveld method (GSAS). 

(figure 1). 

Doping the LiMn,O, spinel with small 

amounts of trivalent (figure 2) and diva­

lent metal ions (figure 3) has a remarkable 

effect on the electrochemical character­

istics. The Ni- and Ga/Cr doped systems 

show the best performance and at the 

same time they possess low fade rates 

(4.5· 10"' mAh/g cycle) and higher capaci­

ties (111 and 117 mAh/g, respectively). 

However, whereas the absolute capacity of 

the Zn- and the Mg-doped spinel is lower 

(95 and 103 mAh/g, respectively), the cyclic 

fading performance is significantly better. 

This is thought to be associated with the 

occupancy of the tetrahedral sites by Zn 

and Mg [6]. 

Neutron diffraction analysis has confirmed 

the presence of Zn(II) ion on the tetrahe­

dral sites of the spinel lattice, while all 

the other doping ions, irrespect ive of 
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The lithium rechargeable 
battery based on LiCoO, as a cathode, is 

today enjoying a great deal of commer­

cial success as an energy storage device, 

particularly in the field of high perform­

ance portable electronics [1 ]. However, 

the search for enhanced cost-perform­

ance cathode materials represents an 

important goal, as LiCo02 is relatively 

expensive and produces some environ­

mental issues. In this respect, LiMn,O, has 

attracted considerable interest Even though 

the performance of LiMn,O, based batteries 

remains inferior to other systems, they offer 

benefits in cost/performance characteris­

tics. LiMn,O, crystallises in a cubic spinel 

structure, Fd-3m space group, where the 

lithium and manganese occupy the tetrahe­

dral (Bo) and the octahedral sites ( 16d), 

respectively, and the oxygen ions are located 

to the (32e) sites. Recent research has showed 

that the substitution of various triva lent ion 

dopants into the LiMn,O, framework makes 

significant improvements to the electro-

ta lline lattice and the 

large contrast between 

the scattering length 

of transition metal ions 

and both lithium and 

manganese allows 

accurate location of 

the doping ions in the 

lattice despite their low 

concentration. The dif­

fraction powder pat­

terns were collected at 

room temperature on 

Figure I: Neutron powder diffraction of L1 02Mn,,,Ni0010 , taken 
at room temperature. showing the (+) experimental data. calcu­
lated (solid line) and the difference. 
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charge, are located on the octahedral sites 

( 76d). Incorporation of all of the doping 

ions, with the exception of the Ti(IV) ion, 

reduces the lattice parameter a with 

respect to the undoped one, while rema in­

ing in the Fd-3m space group. The A-site 

of the spinel is ful ly occupied by Li· in al l 

samples, except for those doped with Zn. 

In the latter, the Zn ions are confirmed to 

130 

120 

remaining on the A si te during electro­

chemical cycling and therefore acting as 

pillars su pporting the lattice framework 

during Li removal. The capacity fad ing is 

lower for samples with the lower unit-cell 

parameters Q. Divalent ions (Zn, Ni) pro­

vide the lowest cyclic fading, followed by 

trivalent ions (Co, Cr), and by Ga-doped 

material. The underlying reason behind 
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ordering of Zn ions occurs in the empty 

tetrahedral (Ba) site, which then hinders 

full Li re-insertion. The electrochemica l 

behaviour of the Ti(IV)-doped material is 

similar to that observed in the undoped 

Mn spinel. Th is suggests that Ti '• ion 

substitutes the Mn'· ion in the spinel 

structure, and this accounts for the larger 

a parameter of Ti-doped spinel over that 

-

-·------
......... I,.. ... 

■ Ni0.05 

• Mg0.05 

"' Zn0.05 

30 40 50 60 70 80 90 100 

Cycle number 

Figure 2: Discharge capacities of M(ll1) ion doped spinels Li,02Mn,,M,O, 
(x<0.05), M(III) = Co, Cr, Ga and Ga/Cr, measured at room tempera­

ture and at 02 discharge-charge rate. 

Figure 3: Discharge capacities of M(l l)-ion doped spinels Li 10,Mn1 , 

M,O , (x<0.05), M(II) = Zn , Ni , Mg, measured at room tempera­

ture and at 02 discharge-charge rate. 

reside also on the (Bo) sites [6] . For these 

Zn samples the excess Li is displaced on 

the octahedral ( 76d) site. The substitu­

tion of Li in (Bo) with such divalent ions 

as Zn(II) and Mg(II) does bring about 

si gnificant structura l stability during 

electrochemical cyc ling. The average 

charge on the A-sites increases while the 

charge of the B-site decreases compared 

with the undoped sample. As each oxygen 

ion is coord inated with one A cation and 

three B cations, creating a distorted 

octahedron, then the increase in charge on 

the A site can alleviate the distortion. 

A second factor relates to the doping ions 

the improved electrochemical properties 

with reduced lattice parameters may be 

related to the increased stability in the 

more compact and undistorted lattice , 

which is more resi lient to the volume 

cha nges occurring during Li 

extraction/insertion. It should also be 

noted that the samples with the most 

attractive capacity properties have a 1"­

cycle charge/discharge efficiency of 

97-990/o, indicating an easy re insertion of 

extracted Li ·. However, the Zn containing 

samples have an efficiency of only 900/o, 

thereby causing reduced capacity. It is 

probably that as Li+ is extracted, some 

of the undoped one, and the ra t io 

Mni./Mn•· ~ 1 causes increased 

prominence of the Jahn-Teller effect and 

a poorer electrochemical performance. 

In conclusion , with a combination of 

neutron powder diffraction and 

electrochemical experiments we have 

shown the relationship between the 

metal-ion site occupancy of doped LiMn,O, 

spinel s and the electrochemical 

performance of these cathode materials in 

term of capacity and stability to the 

charge-discharge cycling. 



chemistry and structure 

Hydrogen-bond network 
breakage as a first step to 
isopropanol crystallisation 
Here we present an experimental study of isopropanol crystallisation in real 
time by means of a novel experimental set-up combining simultaneously 
structural measurements with dynamical techniques.This set-up, developed 
at the ILL. consists of a sample cell that allows simultaneous measurements 
of neutron diffraction (ND) and dielectric spectroscopy (DS) [I]. By performing 
the simultaneous experiment, information can be obtained from both phases, 
amorphous and crystalline, and this can provide a complete description of 
the changes occurr ing during the crystallisation process. The use of this novel 
set-up allowed us to demonstrate that breakage of the hydrogen-bond network 
is a precursor step for the crystallisation of isopropanol [2]. 

Glass forming liquids are a class 

of materials that can be maintained out 

of equilibrium in the amorphous state, 

without crystallising. Below the equilib­

rium melting temperature, the super­

cooled liquid is thermodynamically unsta­

ble due to its higher free energy as com­

pared to that of the crysta l, and conse­

quently above the glass transition temper­

ature T,, the supercooled liquid tends to 

reduce its free energy by undergoing a first 

order phase transition. By means of this 
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urements of time resolved neutron diffrac­

tion (ND) and die lectri c spectroscopy (DS) 

[1]. A picture of the ND-DS sample holder 

is shown in fi gure 1. The liq uid is placed 

in a container between two metal lic elec­

trodes and is subjected to an alternating 

electric field of angular frequency w. 

Dielectric spectroscopy measures the com­

plex dielectric permittivity£!'= c' - ic" as 

a function of frequency, where c' is the 

dielectric constant and c' ' is the dielectric 

loss, and is a very suitable method to study 

molecular dynamics in liquids above T9. 

Simultaneous ND and DS experiments 

Figure I: Picture of the neutron diffraction 
dielectric spectroscopy cell (ND-DS). 

transition, referred to as crys­

ta 11 isa ti on, molecu les self­

assemble forming crystals. In 

order to obtain precise infor­

mation about the changes 

occurring in a supercooled liq­

uid during crystall isation, a rea l 

time experiment may be crucia l 

since it allows us to monitor 

simultaneously and in rea l time 

both the crystal development 

and the dynamic changes 

occurring in the amorphous 

phase. Therefore, an improve­

ment in the understanding of 

crystallisation in terms of inter­

relation between crysta ll ine 

and amorphous development 

can be obtained when diffrac­

tion experiments are simulta­

neously accompanied by 

dielectric spectroscopy. 

Recently we have developed 

an experimental set-up which 

allows us to perform, for the 

first time, simultaneous meas-

Figure 2: Simultaneous dielectric loss spectroscopy (DS) 
(top) and neutron d1ffract1on (ND) (bottom) experiments 
as a function o f time during an isothermal experiment (T 
= I 39 K). T he ND patterns were recorded with an acqu1-
sit1on time of 3 m in. 
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were performed on the diffractometer 

D1 Bat a fixed wavelength of 11. = 2.52 A. 

Dehydrated deuterated isopropanol 

(2 -propanol D8) was quenched in the 

glassy state at 75 K from room tempera­

ture. Crystallisation temperatures, T,, were 

reached by heating the sample from 75 K 

up to T,. Figure 2 presents ND-OS data 

during a crystallisation experiment at 

T, = 139 K. The ND intensities are given as 

a function of the scattering angle 20 and 

the f!' data from OS are presented as a 

function of frequency. The initial amor­

phous state is characterised by an amor­

phous halo in the ND diagram and by the 

primary relaxation process of isopropanol 

in the OS data. As time increases, the onset 

of crysta llisation is denoted by the incip­

ient appearance of Bragg peaks in the ND 

patterns and a decrease of the dielectric 

relaxation intensity. 

The dielectric losses are described con­

sidering two relaxations: primary and sec­

ondary, being Cole-Davidson processes. 

The fraction of relaxing species can be 

estimated from the relaxation strength 

that corresponds to the area below each 

re laxation. Figure 3 shows the area (L'1€) 

below the primary and the secondary 

relaxation as a function of the crystallinity, 

estimated from the ND data at T, = 139 K. 

Primary relaxation (figure 3, top) decreases 

dramatically in the first stages of crystalli­

sation and shows a strong deviation from 

the two-phase model (phases that corre­

spond to network and crystalline). This 

can be in terpreted as due to the existence 

of an intermediate step between the sit­

uation in which the molecule is in the 

network and that in which it occupies a 

position in the crystal. On the other hand 
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Figure 3: The relaxation strength of each process for the 
primary l'>c, (upper plot) and the secondary £11 (lower plot) 
relaxation processes as a function of crystallinity 

the dynamics of the hydrogen-bond net­

work, represented by the mean average 

frequency of the relaxing species F'~ •. • 

shows an increase in the initial crysta lli­

sation stages [2] . Both experiments and 

computer simulations, indicate that in 

hydrogen-bonded liquids the primary 

relaxation time is described by the wait­

and-switch model [3-5]. First a molecule 

of the network switches its position to 

reorient itself, but it must wait until a 

favourable condition for reorientation 

exists in the network. The mean relax­

ation, time T= 1 /(21tFm,J is expected to 

depend inversely upon the number den­

sity of ava ilable hydrogen bonding sites [4]. 

Therefore, in our case, interpreting the 

decrease of M ;I as due to a depletion of 

the hydrogen-bond network is consistent 

with a parallel increase of the avai lable 

hydrogen-bond sites as indicated by the 

increase of F'"", Secondary relaxation (fig­

ure 3, bottom) fol lows the two-phase 

model and the associated process appears 

as a consequence of the collective motions 

in the amorphous phase above \. Conse­

quently, L'1£11 is expected to decrease with 

increasing crystallin ity as shown in figure 

3 (bottom). Moreover, in this case the 

observed decrease is much closer to two­

phase behaviour, indicating that the relax­

ing species, which are lost in the amor­

phous phase, are almost completely trans­

ferred to the crystall ine phase. 

In conclusion, the first simultaneous exper­

iment allowed us to confirm that a break­

age of the hydrogen-bond network occurs 

as a first step in the formation of crystals 

during the crystall isation of isopropanol. 
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Combined analysis of 
textured alumina ceramics 
by neutron diffraction 
The orientation distributions of cx-Al20 3 textured ceramics are determined 
from neutron diffraction spectra. A curved position-sensitive detector coupled 
to a tilt angle (x) scan allowed treatment of the whole diffraction pattern 
in a Rietveld-WIMV-Popa algorithm. Four textured alumina ceramics were 
prepared by slip-casting under a high magnetic field and sintered at B00°C, 
I 300°C, I 400°C and I 600°C. With increasing sintering temperature, the 
texture strength is enhanced and the c-axis distribution is sharper. 
The effectiveness of this approach for determining crystallite size is also 
evident. As a global trend, the calculated crystallite size and observed grain 
size are similar and increase with increasing sintering temperature.We see here 
the power of Rietveld texture analysis to provide a basis for the correlation 
of texture, microstructural parameters and anisotropic properties. 

sical Rietveld, analysis with texture and 

crystallite size analysis, as implemented in 

the MAUD software [3]. We illustrate the 

advantages to analyse jointly structure, 
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a-Alp3 spherical particles (0~ 150 nm) at 

room temperature. Due to the anisotropic 

magnetic susceptibility of the hexagonal 

structure, a high magnetic field applied 

during the slip casting is highly effective in 

rotating the particles and generating a 

(001) preferred orientation parallel to the 

magnetic field. After slip casting, four sam­

ples were prepared by sintering at B00°C, 

1300°C, 1400°C and 1600°C. The speci­

mens were measured using D1 B. Diffracted 

neutrons are collected by a cuNed position 

sensitive detector composed of 400 cells 

spread over 80° (resolution 0.2°) in 20. An 

Eu lerian cradle allows x angle rotation. 

Scans were performed from x = 0 to 90° 

(step 5°) using a fixed incidence angle w of 

Texture analysis is being increasingly 

recognised as an important tool in the 

characterisation of many polycrystalline 

materials in order to understand their 

anisotropic properties. The development of 

texture in a-Al2Q3 ceramics is required to 

improve thermal conductivity, optical, and 

mechanical properties [ 1, 2]. The particular 

type of texture often found in a-Al203 tex­

tured materials is an axially symmetric fiber 

texture [i.e., random in-plane distribution 

of crystallite a and b axes). This type of 

texture can be best characterised by the c­

axis orientation distribution, but in the case 

of slightly oriented materials, this is diffi­

cult to measure using X-rays because of the 

low structure factors of all the (oon reflec­

tions. To overcome this problem, the solu­

tion is to calculate the orientation distribu­

tion of the crystallites from several other 

(hkn distributions, i.e., to acquire as many 

pole figures as possible for the non-paral­

lel (hkn crystallographic planes. In this paper, 

we used an approach that combines clas-

Figure I : Neutron diffraction patterns for a 0° to 90° x-scan (sample sintered at I 300°C). 

thirty-six thirty-seven 

texture and microstructure of a-Al 2Q3 

ceramics. The mechanism of texture devel­

opment during the sintering treatment is 

discussed. 

The materials were processed using the 

slip casting method [4]. A high magnetic 

field of 10T, parallel to the slip casting direc­

tion, was applied to a suspension of fine 

35.6° ({006} Bragg position). 

Figure 1 shows a typical neutron diffrac­

tion pattern obtained for our samples using 

a 0 to 90° x -scan [sample sintered at 

1300°C). This graph highlights without 

ambiguity the [001) texture of the a-alumina 

specimen. In particular, we can clearly 

observe the intensity decrease of the (006) 



800°C I 300°C 1400°C 1600°C 

Figure 2: Inverse pole figures calculated for the z fibre direction (parallel to the magnetic field) for samples sintered. respectively, at 800°C. 
I 300°C. I 400°C and I 600°C. Major (00 I) component. Linear density scale, equal area projection. 

line when x increases and the appearance 

of the (110) line when x tends to 90°. The 

refinement reliability is established by R,. Rp,, 

Rw and RB factors equal to 4.60/o, 4.10/o, 6.50/o 

and 4.80/o. respectively. The corresponding 

fit/measured visual agreement can be 

checked elsewhere [5]. 

The orientation distribution (OD) is repre­

sented by inverse pole figures (figure 2) 

calculated for the z fiber direction [paral­

lel to the magnetic field). This figure illus­

trates two interesting points. First, it shows 

that the only component present in the 

four samples is the (001) crystallographic 

planes perpendicular to the slip casting 

direction. Secondly, the degree of orienta­

tion is improved for the higher sintering 

temperatures: the maximum of the distri ­

bution density is increased and the c-axis 

distribution gets sharper. Based on the peak 

deconvolution (Popa formalism), the calcu-

imens ODF 
(sintering (001) inverse pole figure 

temperature) Min Max 

soo·c 0.47 2.4 

1300•c 0.21 4.9 

1400°C 0.08 7.9 

1soo·c 0.05 19.4 

lated crystallite sizes have been found to be 

equal to 137 nm for the sample sintered at 

800°C and larger than 500 nm for samples 

sintered at 1300°C, 7 400°C and 1600°C 

[crystallite sizes larger than 500 nm are not 

measurable under our resolution condi ­

tions}. These sizes are well correlated to 

the scanning electron microscopy (SEM) 

analyses where we determined the grain 

sizes by the linear intercept method on the 

surface parallel to the magnetic field. The 

measurement was performed for two scan­

ning directions, i.e. parallel and perpendi ­

cular to the magnetic field. The values, 

reported in Table 1, showed the spherical 

shape of the grains in a sample sintered at 

800°C, where the grain size and the respec­

tive aspect ratio increase with increasing 

sintering time. Table 1 shows a resume of 

the results. The correlation of the calculated 

(001) orientation distribution, accessed by 

Re med 

the Texture Index values. crystallite sizes, and 

microstructural obseNations, clearly proves 

that the growth of the initial small parti ­

cles starts at temperatures above 800°C 

and that enhanced anisotropic grain growth 

by increasing sintering temperature is an 

important factor for texture development 

[5]. This mechanism is consistent with pre­

vious conclusions reported in different 

papers on the texturation of a-Al,01 ceram­

ics [6,7]. 

In conclusion, the Rietveld texture method­

ology combined with neutron diffraction is 

promising for generalising the characteri­

sation of the polycrystall ine materials and 

extending the refinement to the determi­

nation of the structure, µstrain [8]. and 

phase proportions. 

SEM Aspect 
Texture 

Index (F2) 
crystallite size Calculated grain size(nm) Ratio 

(nm) d,, d~ (d )d,,) 

1.24 137 (13) ~150 ~150 

2.13 > SCX)nm 1100 1170 1.063 

3.16 > 500 nm 2610 2970 1.138 

7.78 > SCX)nm 7300 8800 1.205 

Table I: Minima and maxima of (00 I) inverse pole figures and texture index. Refined crystallite size (Popa formalism) and calculated grain 
size by line intercept method (SEM analysis), parallel (d) and perpendicular (d 1) to the magnetic field direction. 
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materials 

Tilo Seydel, College 7 Secretary 

Matenals science at the ILL makes a particularly broad use of the available neutron scattering techniques and instru­

mentation. Its methods range from ImagIng and diffraction to spectroscopy and include highly specialised tools such 

as surface reflectometry and backscattering. Both structural and dynamic properties on molecular scales are Inves­

t1gated in this vastly interdisciplinary field to elucidate questions related to composition and functioning of modern 

materials.The unique properties of neutrons to probe the magnetic behaviour of samples are equally exploited. 
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Materials science is a field where experiments are frequently motivated by engIneer­

Ing and possible applications, thus providing a link between fundamental research and 

a potential industrial benefrt It is often this motivation that d1st1nguishes ILL:s college 7 

from topically neighbouring colleges, such as crystallography and magnetism ( college 5 ). 

Examples of materials studied using neutrons include, for instance, metals and ceramics. catalysts and magnetic films, 

as well as biomaterials. clathrates and zeolites. Matenals are thereby studied both with view at bulk or at surface or 

interface properties. Due to restnctions In space In this booklet the examples selected for this chapter can provide 

JUst a glimpse of the magnitude of the subject area. 

Clay mineral nanopart1cles are a class of materials very much In the focus of cunrent scientific interest in particular 

with view at their complex interaction with water. Actual and potential applications of clays range from car paint­

ing and cosmetics to nuclear waste management Some clay minerals occur naturally whilst an enol7llous quantrty 

Is nowadays produced art1ficrally In a study using neutron d1ffract1on amongst other techniques, E. Rinnert and co­

workers investigate the structure upon hydration of saponrte clays. By combining the experimental results wrth 1nfor­

matIon from numencal simulations they infer on the status and orientation of water molecules of the swelling clays. 

Degradation of ancient books and the resulting loss of cultural he1itage is a serious concern to libraries. Giving an 

example of recent b1omate1ials research applying neutron small-angle scattering. C. Mondelli and co-workers report 

on a study aImIng at understanding the conrelat1on between the degradation of paper and the degree of crystallinity 

of the cellulose 1t consists of. Their ongoing work points towards the fact that the degradation process may induce 

changes in the m1crofibrillar arrangement of the cellulose. 

The tel711 "agostic" is derived from Greek and roughly translates into "to hold on 

to oneself". In organometallic chem1stry"agostic" commonly refers to a somewhat 

unusual CH - metal bonding interaction. and there has been recently much inter­

est in further understanding this class of interactions. W Baretta and co-workers 

have used neutron diffraction to establish the non-classical nature of the agostic 

interaction.Their results may contribute to the design of new coordinatively unsat­

urated metal complexes. 
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The importance of materials research carried out using both neutron and synchrotron radiation scattering 

techniques, on the 10Int ILUESRF campus. Is underlined by the presence of the Faol1ty fo,- Materials Engineering 

(FaME38). This new facility provides all means to support visiting researchers from academia and industry. 

Some of its infrastructure and services are summansed 1n the contribution by A Steuwe,- et al. 



materials 

Structural properties 
of cellulose in ancient paper 
with different states 
of degradation 
Protecting ancient hand-made paper from decay poses a serious problem 
for numerous libraries, archives and museums all over the world. In order 
to develop the appropriate conservation methods, an advanced knowledge 
of the state of conservation of the artwork and of the degradation process 
that affect them is imperative.The aim of this research is to investigate by 
neutron techniques cultural heritage of biological origin such as the writing 
supports and, in particular, paper. 
While some aspects of paper degradation such as acid hydrolysis and oxidation 
are quite clear, few information is available in literature about the correlation 
between the state of degradation of ancient paper and the structure of the 
cellulose, in particular its crystallinity.We have recently performed a SANS 
experiment in order to correlate the state of degradation of our paper samples 
to the crystallinity of their cellulose. 

An important part of the preser­

vation of cultural heritage consists of lim­

iting as much as possible the deterioration 

of hand-made paper artefacts such as 

books, documents or artistic drawings 

present in numerous libraries, archives 

and museums all over the world. In order 

to define appropriate conservation meth­

ods, a detailed knowledge of the degrada­

tion processes that affect ancient paper is 

necessary. 

Paper sheets are quite complex materials 

consisting in a felt of cellu lose fi bres, 

which in ancient times was derived from 

linen, together with other substances, 

principally gelat ine of an imal origin, 

although the material s used depend 

strong ly on the production technique 

employed [ 1,2]. 

The process of paper degradation may be 

fo rty I forty-one 

seen as a combination of acid hydrolysis, 

which deteriorates the mechanical prop­

erties of sheets, shortening the cellulose 

polymeric chains (from the order of 10• A 
to 10' A), and the so-called "slow-fire" 

process, caused by the oxidation of the 

materials present in the paper, followed by 

the development of carbonyl and carboxyl 

Figure I: An example of the watermark 
pr·esent in a paper produced in 14 I O in 
Perprgnan. 
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ligands. The oxidation process causes the 

mechanical weakening and the discol­

oration of the remaining substratum [3-

5]. Furthermore these processes may be 

catalysed by the presence of heavy met­

als. On the other side occasional events 

such as high levels of humidity, water, 

fire, UV radiation and so on, can also 

deteriorate the paper independently of its 

age. Moreover, the degree of crystallinity 

of the cellulose is expected to change with 

time from its native values of 45-650/o. 

Cellulose is a nano-compound of crystal­

lites linked by disordered regions. The cel­

lulose molecule in the crystals forms sheets 

via hydrogen bonds. Only the disordered 

regions are accessible from water in an 

irreversible way, and this phenomenon 

may be part of the degradation process. 

However, while the acid hydrolysis and 

the oxidation have been widely studied by 

several experimental techniques, there are 

little information in the literature about the 

correlation between the state of degrada­

tion of ancient paper and the structu re of 

the cel lulose, in particular its degree of 

crystallinity [6]. 

In order to look at this question, a small­

angle neutron scattering (SANS) experi­

ment was done on 011 at the ILL We have 

studied several ancient samples coming 

from end sheets of ancient books, i.e. the 

sheets of paper used by the bookbinder at 

the beg inning and the end of a book. Th is 

is very helpfu l in order to determine 

precisely the age of the paper. 

Add itional ly they often present also a 

watermark (see figure 1). which allows 

for a precise identification of the 



mill where the paper was produced. The 

ancient pa per used in the experiment was 

not printed. As it was the habit in ancient 

times, the paper was sized with gelatine 

in order to improve the paper writing 

quality. 

Samples showing various levels of degra­

dation and discoloration, have been already 

used for other kinds of investigation [6] 

and their degradation sta te has already 

been character ised by means of optical 

reflectance spectroscopy [7] . All samples 

measured are listed in table 1 and shown 

in figure 2. As shown in the figure, papers 

produced in th e same period may present 

an astonishing difference in thei r state of 

conservation . The sa mp le produced in 

Milan in 1430 looks like just recently made 

while the sample produced in Nuremberg, 

in the Xv century looks totally fired. In 

order to have a reference, we also inves­

tigated a control led system by measuring 

a modern handcraft pure cel lulose What­

man sheet artific ial ly aged. The ag ing pro-

Wliatman cellulose, 
modem 

Milan, 1430 

Milan, 1430 

Nuremberg, 
Xv century 

aged artificially 

very good state 

relative bad sta 

very bad state 

cedu re consisted in keeping the sample 28 

days at 80°C at a relative humid ity of 650/o 

respectively. 

The data were col lected at 'A = 6 A in a 

O-range between 0.002 and 0.2 A 1• Only 

one sheet of paper was used for each sam­

ple in order to prevent surface scattering. In 

order to compare directly the different sam­

ples the curves are scaled by their thickness. 

Whatman paper no. 1 
not aged 

Milan, 1430, 
good state 

H 
I 

Milan, 1430, Milan., 1430, 

'1 ~-· 
• 1413 , 

g tate 

.,, 

bad state- intermediate state 

Nureiwe 
very bad 

P ignan, 1413, 
it cnnediate state 

0 

ences produced in anci en t 

papers from the deteriora tion 

process. A clear trend between 

the scattered intensity and the 

state of degradation exists. The 

main differences appear in the 

reg ion between 0.02 and 

0.1 A·1 corresponding to 

distances about 100- 300 A, 
where a sma ll peak whose 

intensity is larger for the more 

deteriorated paper is observed. 

It has been suggested that the 

orig in of the signal in this 

region is due to a reg ula r 

arrangement of the cel lulose 

microfibri ls [8]. 

Thus our data indica te that the 

degradation processes induce 

non tr ivial changes in this 
Figure 2: Differences in the visual appear­
ance of various ancient papers produced in 
the XV century with different degree of 
degradation. 

arrangement. We are currently ana lysing 

The preliminary resu lts from SANS are 

shown in figure 3. The collected data have 

a high quality, enough to see the differ-

in deta il the data to determine the natu re 

and origin of the cha nges measured. 

With th is experiment we also demonstrate 

that neutrons are a good tool to study rare 

and precious samples as the specimens of 

cu ltural heritage in a non destructive way. 
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Figure 3: Intensity of integrated 
SANS signal as a function of Q. 
W e can see that the differences are 
relevant for different degrees of 
deterioration even if the sample 
comes from the same sheet of 
paper. There is a t rend w ith the 
degree of det erioration and a 
weak structuring appears around 
0.04 A1• In t he inset the fu ll meas­
ured range is represented in log­
log scale, the slope of the linear 
part is - 3.5. 



materials 

Evolution with water 
content of the structure 
of water in the interlayer 
space of synthetic saponite 
clay minerals 
The interaction of water with synthetic saponite clay samples was investigated 
by following, along water adsorption and desorption, (i) the adsorbed amount 
by gravimetric and near-infrared techniques (ii) the molecular structure and 
interaction of adsorbed water molecules by near infrared (NIR) and Raman 
spectroscopy under controlled water pressure (iii) the interlayer distance 
and arrangement of water molecules in the interlayer by X-ray and neutron 
diffraction under controlled water pressure.The results thus obtained were 
confronted with Grand Canonical Monte Carlo (GCMC) simulations. Using 
such an approach, various well distinct hydration steps can be distinguished 
and the evolution with water content of water structure in the interlayer space 
can then be studied precisely. In particular, combining neutron diffraction 
experiments using D 20 and H 20 with GCMC simulations provides detailed 
information about the status and location of interlayer water molecules. 

Swelling clay minerals are formed 

with two tetrahedral layers (silica) sandwich­

ing an octahedral layer (dioctahedral alu­

minium hydroxide or trioctahedral magne­

sium hydroxide) (figure 1). The chemical 

composition of the sheets includes iso­

morphic substitutions by less charged 

cations (e.g. Al'' for Si" or Mg'' for Al3· ). This 

generates a net negative layer charge com­

pensated by interlayer exchangeable cations 

Tetrahedral layer Si, Al 

Octahedral layer Al, Mg ... 

whose hydration provokes a swelling of 

the structure. 

Due to their exchange capacity and water 

retention properties. these minerals are 

being increasingly used as sealing materials 

in the design of disposal facilities for 

hazardous wastes where their main role is 

to inhibit the migration of contaminants 

from the waste to the surrounding environ-

o Oxygen 

• Hydroxyl 

• Interlayer 
cat,on 

ment. In that context, 

understanding the struc-

Figure I: Schematic representation of the structure of a 
swelling clay mineral. 

ture and dynamics of 

water molecu les in the 

interlayer spaces of 

swelling clay minerals with 

increasing water chemi­

cal potential is of prime 

importance. Up to now, 

most experimental work 

has focused on natura l 

forty-two I forty-three 

E. Rinnert. C. Carteret and 
B. Humbert (UHP-CNRS, Villers-les-Nancy) 

I. Bihannic, M. Pelletier and L.J . 
Michot {I.NPL-ENSG-CNRS, VandCJ:'uvre) 

G. Fragneto {ILL) 

J.D.F. Ramsay (University of Montpellier) 

A. Delville (University of Orleans) 

J.-L. Robert (/STD, Orleans) 

clays with octahedral charge deficit, i.e., 

montmorillonite and hectorite and has 

shown that cation hydration is the main 

parameter controlling water uptake and 

swelling for water act ivities 

~ 0.98, in the so-cal led crysta lline swelling 

regime. This general picture is basica lly 

confirmed by numerous simulation studies 

that ea n be used to study both the struc­

tural and dynamical properties of confined 

water molecules. In order to overcome the 

various problems linked with the use of 

natural heterogeneous samples, we recently 

carried out a comprehensive study of the 

status of water in a series of synthetic 

saponites of general formula (Si8_,AI,) Mg6 

020 (OH), Na, with 0.70 ~ x ~ 2. This was 

achieved by combining gravimetric water 

adsorption experiments, Near lnfrared and 

Raman spectroscopic measurements under 

controlled water relative pressure, Grand 

Canonical Monte Carlo simulations and 

X-ray and neutron diffraction experiments 

under control led water relative pressure 

[ 1 ]. These latter experiments were carried 

out at the ILL on the instrument 016 

taking advantage of the recently devel­

oped control led humidity chamber. 

Diffraction patterns were acquired along the 

water desorption isotherm in reflection on 

a large q range on oriented clay films using 

either H,0 or 0,0 to vary the contrast 

between clay layer and interlayer water. 

Figure 2A presents in the case of the 

sample with a layer charge of 1.0 the water 
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Figure 2: Water adsorption-desorption isotherm (A), H,O neutron diffraction patterns (B) 
D O neutron diffraction patterns (C) obtained on a synthetic saponite clay (layer charge 1.0). 

adsorption-desorption isotherms where 

blue dots correspond to the neutron diffrac­

tion patterns recorded with H,O (figure 2B) 

and red dots to those recorded with D,O 

(figure 2C). 

The use of either isotopes leads to very 

different diffraction signals. In the case of 

H,O (figure 2B), the 001 line is always the 

highest one and very limited changes in 

re lative intensity are observed with 

changing relative pressure at constant spac­

ing in agreement with data obta ined by 

X-ray diffraction. In contrast, in the case of 

D,O, changes in the amount of adsorbed 

water provoke strong modifications of the 

diagrams. The most stri ki ng feature is 

observed for a relative pressure of 0.38 

where the (ooe) diffraction line is com­

pletely extinct. The data obta ined by 

neutron diffraction can be confronted to the 

amount and positions of water molecules 

in the interlayer obtained by GCMC simu­

lations. At the extinction point, the inter­

layer is fi lled with a well -organised network 

of water molecules with significa nt 

Figure 3: GCMC simulat ion of the organisation of water in the interlayer of a saponite clay 
with a layer charge of 1.0 at a relative pressure of 0.40 in desorption. Light grey: Hydrogen, 
Red: Oxygen, Blue: Sodium, Brown: Silicon, Dark grey:Aluminium, Green: Magnesium.A) view 
of water in the ab plane ; B) view of water perpendicularly to the c axis; C) and D) with the 

clay layer. 

interactions with the clay layer (figure 3, left) . 

The atomic posi tions derived from GCMC 

simulations can then be used directly to 

simulate the neutron diffraction spectra 

(figure 3, right). It then appears that the 

extinction of the 001 line is perfectly repro­

duced. Smal l di fferences in the rela tive 

intensities of the various peaks can be 

further exploited to refi ne the orientation 

of water molecules. 

The same experimental strategy was used 

all along the water adsorption-desorption 

isotherm and in combination with results 

from vibrationa l spectroscopic stud ies 

provides us with a very detailed 

knowledge of the status and location of 

water molecules in the interlayer spaces of 

saponite clays as a function of water con ­

tent. Modifications in the charge of the 

samples lea d to a shift towards lower 

relative pressure of all the steps previously 

defi ned [2]. 

All these studies can be used as a sound basis 

to study the dynamical properties of water 

confined in those materials. Up to now, most 

dynamical experiments on swelling clay 

minerals have been carried out considering 

either the one-layer hydrate or the two layer 

hydrate whereas our experi ments strong ly 

suggest that even at constant spacing very 

distinct structural arrangements can be 

obtained. The experimental strategy we 

would li ke to apply consists in combining 

low-frequency Raman experiments, 

quasi-elastic neutron scattering at beam line 

IN 5, neutron backscattering at beaml ine 

IN16and 'H NMR relaxometryexperiments 

to probe water dynamics between a few 

femtoseconds and a microsecond. In para l­

lel, molecular dynamics will be performed to 

explore time scales between the femto­

second and around 50 ns. 



materials 

Non classical metal••·H3C-C 
agostic interactions in 
a 14-electron ruthenium(II) 
system 
A neutron diffraction study has established the precise nature of the o agostic 
interactions in the complex RuCl 2[PPhi(2,6-Me,C6H,)]2 ( I). By contrast to 
classical agostic bonding, it is shown chat two ortho-methyl groups of the xylyl 
substituencs interact with the unsaturated metal center through two C-H 
bonds each.The result is also substantiated by NMR data in solution. 
Re-examination of all X-ray structures with p, y, o and £ M--·H,C-C moieties 
as well as OFT calculations on models of I shows that the agostic interactions 
span the range between the classical (M--•f! ' HC) and the non-classical 
(M-- ·1fH2C) types, depending on the number of acorns between the metal 
and the methyl group. 

The coordination of inert C-H 

bonds to a transition metal is of funda ­

mental interest for sto ich iometric and 

cata lytic reactions, with particular regard 

to the problem of alkane functional isation 

via C-H bond activation [1] . Unfortunately, 

information on the nature of the primary 

adduct is still very scarce, since saturated 

hydrocarbons are notoriously unreactive 

and are very poor ligands [ 1 d]. From OFT 

ca lculations a somewhat asymmetric 

M .. ·T\ ' -H,C bonding mode has emerged 

for adducts between an unsaturated metal 

center and a methane molecu le [2]. Th is 

result is in apparent disagreement with the 

extensive experimenta l and theoretical 

information available for agostic com­

plexes that is usually interpreted in terms 

of dihapto M--·1]2-HC bonding between 

the unsaturated metal ion and a dangling 

C-H bond of the same molecular 

fragment [3]. 

A neutron diffraction study on the ILL sin­

gle-crystal diffractometer 019 at 100 K of 

the 14-electron complex RuCl,[PPh,(2,6-

forty-four I forty-five-

Figure I: (a) Birds-eye view of the com­
plex I in t he solid state. Colour code: vio­
let=Ru, red=P. green=CI, grey=C. white=H 
(b) View down the pseudo C, axis (hydro­
gen atoms are omitted except those of 
agostic CH, groups). 

W. Baratta, P. Rigo (Univers,tyofUdine) 

C. Mealli, A. Ienco (ICCOM -CNR, 
Florence) 

E. Herdtweck (TU Munich) 

S.A. Mason (ILL) 

Me,C6H3)] , (1). precisely defines the 

geometric features of the o agostic 

interaction between the unsaturated metal 

center and two ortho-methyl groups of the 

xylyl substituents [4] (see different views 

in figure 1 ). 

Two CH 3 carbon atoms lie in the RuP, 

equatorial plane with relatively short non 

bonding Ru -- ·C distances (2.637(7) and 

2.668(6) A) . The correct and accurate 

location of the ortho-methyl hydrogen 

atoms clearly indicates a double agostic 

arrangement for each methyl group. In 

fact, two hydrogen atoms lie closer to the 

metal and are off the mean plane 

Ru,P1 ,P2,C10,C40 (figure 1 b), whereas the 

third hydrogen atom is approximately in 

the mean plane but away from the metal. 

For each methyl group the two shorter 

Ru --· H distances are clearly asymmetric 

(Ru-- ·H101 = 2.507(11). Ru --· H102 = 

2.113(10) A and Ru --· H401 = 2.137(12), 

Ru .. ·H402 = 2.399(14) A). Moreover, idea l 

M--·113-H2C coordination is not achieved 

because the metal atom does not lie 

exactly in the CH, plane. In spite of the non 

negligible standard deviations, the geom­

etry of the CH 3 groups is much more 

reliably determined by neutrons than by 

X-rays and confirms the perturbing effects 

of the agostic interaction. The two C-H 

bonds closest to the meta l are slightly 

longer than the others and particularly 

significant is the opening of the H-C-H 

angles subtended by the meta l atom. Thus 

the values of 112.0(8)0 and 110.4(10) for 

H101-C10-H102 and H401-C40-H402 are 

definitely larger than all the other H-C-H 

angles at the interacting methyl groups (in 



the range 103.8( 10) - 104.8(10)0) indicat­

ing that the interaction with the metal 

affects sign ificantly the geometry of the 

methyl group. 

In order to com pare the experimental 

results with those in the literatu re, we 

made a survey of all X-ray structures (no 

neutron data have been previously 

IC 
1 ~30' 

164(1)·~ _H, 

/ :' -....jH 

30° for the o ones) but, even at the 60° 

limit, the connectivity between the metal 

and the agostic methyl group does not 

allow the metal to attain ideal M···TJ 3-H2C 

coordination. 

As shown in figure 3, a linear correlation 

is found between the angle at the methyl 

carbon atom and the CH3 torsion itself 

related to the different types 

of metal···methyl connectivity, 

and the agostic interactions 

span the range between the 

classical (M···ri 2-HC) and the 

non-classical (M···TJ3-H2C) types. 

A solution study of 1 shows 

intramolecular rearrangement 

of each xylyl substituent that 

equilibrates the environments 
H : ;, ' 

1 \\I/ inter-}1 molecular 

of its two ortho CH, groups. 

Activation parameters, evalu­

ated from the analysis of 'H 

NMR line shape as a function of 

temperature, are ~H 1 = 9.6 ± 

0.2 kcal mol·' with M 1 = - 15.4 

± 0.7 eu (CDCI,) and are consis-

Figure 2: Variation of the methyl torsion about the C I -
C2 bond in agostic complexes (P through E) and in one 
documented intermolecular case. 

reported), deposited in the CSD, which 

feature ~. y, o and £ M .. ·H3C-C agostic 

interactions, as well as a unique case of 

intermolecular interaction (figure 2). 

tent with a relatively strong 

agostic interaction. 

Theoretical calcu lations reproduce well 

the non classica l Ru···TJ3-H,C agostic mode 

60 

so 

:i;:- 40 
l!-
l!- 30 
L 
C: 
Q 
t'.' 20 
~ 

10 

0 
40 

SAKWUV OIVHEY 

• • 
• • • -... 

60 80 
Angle M-C,C, 

for the model complex RuCl ,[PH 2(2,6-

Me,C6H,)] 2 (la). and significantly, the clas­

sical Ru···ri 2-HC 

agostic geometry features an optimized 

transition state (for the rotation of the CH3 

group about the external C-C bond) and 

implies an energy barrier of 3.4 kcal mol·'. 

Finally, the MO analysis addresses the intrin­

sic stability of the isolated 14-electron 

complex RuCl2(PH,lr Calculations of the 

adduct between the latter and two CH, 

molecules highlight the appreciable involve­

ment ofone carbon p orbital in each inter­

action wh ich is of the ideal non-classical 

M···TJ3-H2C agostic type. 

In summary, these studies have led to the 

following important conclusions. A non­

classical agostic interaction, where a whole 

CH2 group acts as a donor in place of the 

single C-H bond (M···TJ3-H2C vs. M···ri2-HC 

coordination), has been definitely estab­

lished, through a neutron diffraction study 

of 1. For agostic complexes, which have 

links between the CH3 group and the metal 

center, the interaction type depends on the 

length of the joining chain. For short chains, 

only the M-··ri '-HC coordination mode is 

allowed but the M···TJ 3-H,C type becomes 

favored for long 
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In the ~ agostic complexes, the sp3 

character of the al kylic carbon atom is 

fully consistent with the metal lying in the 

C,,C,.H, plane and this arrangement 

represents the most classical form of 

M· ··ri ' -HC interaction. When the angle 

M···C,-C, is larger than 55° (y through £ 

cases), rotation of the methyl group about 

the C,-C, bond is forced so that the hydro­

gen atom closest to the metal sli ps off the 

M,Cl ,C2 plane. Such a rotation is progres­

sively larger ( < 30° for the ycomplexes, > 

Figure 3: Scatter plot showing the essentially linear relationship 
between the opening of the M···C,-C, angle and the torsion of the 
CH 3 group about the C -C! bond 

chains or intermole­

cular adducts. The 

present results will 

be helpful for design­

ing new coordina­

tively unsaturated 

complexes as well as 

for elucidating the 

key steps in the 

metal-promoted C-H 

bond activation of sat­

urated hydrocarbons. 



materials 

FaME38 
A leap into the Void 
FaME38, the Faci lity for Materials Engineering at the ILL-ESRF, is continuing 
the development and support of materials engineering research using neutron 
and synchrotron radiation. Most of t his year, 2004, has seen the installation 
of the Support Laboratory and User Centre, and FaME38 is now in full swing, 
supporting academic users on- and off-site, providing expertise and experience, 
and promoting industrial collaboration, with several commercial projects 
completed. FaME38 opened its doors twice this year, once an open day for staff 
on-site and once internationally for a successful workshop on Engineering 
Applications of Neutron and Synchrotron Radiation. FaME38 is well-prepared 
for the continuation and exploitation stage starting 2005, for which a 
continuation proposal has been submitted to the EPSRC, UK. Exciting times 
are ahead : SALSA is going to be commissioned in 2005, (see page x in this 
report) and the tomography beam line NEUTROGRAPH is showing very 
promising engineering results.Advanced software tools are being developed 
for data analysis and visualisation. Some highlights are presen ted below. 
For current information consult the website on http://www.ill .fr/fame38 . 

FaME38 Laboratory User 
Support Developments 
The ful l suite of laboratory eq uipm ent, 

including a co-ordinate measuring 

machine (CMM] to determine the precise 

shape and position of samples, a high­

specification microscope, a metallographic 

sample preparation system, and an auto­

mated hardness tester, are now in place 

and operating. The Laboratory and User 

Centre have already supported a number 

of ILL users most of whom now mount and 

pre-position their samples using the CMM 

and a range of newly-designed Fa ME38 

holders on VAMAS-standard' base-plates. 

The suite of instruments will soon be 

enhanced when three thermo-mechani ­

cal testing machines from lnstron arrive 

and are commissioned. These rigs will 

allow in-situ testing from the micro-scale 

on an ESRF X-ray tomography beam-line 

to macro-scale testing of bulk materials on 

ILL neutron beam -l ines. As with the User 

forty-six I forty-seven 

Centre and the Laboratory, these facilities 

will be available to ILL and ESRF Users 

upon request. Additiona lly, FaME38 has 

successfully carried out feasibility studies 

on D20 to establish its suitability for fast 

and stroboscopic eng ineering measure­

ments. 

SALSA 
The staff at FaME38 are looking forward 

to the commission ing of the new, dedi­

cated. strain scanning instrument SALSA 

at the ILL in the next year. This instru­

ment, developed jointly by the ILL and the 

University of Manchester, wi ll, with the ILL 

reactor's high neutron flux, allow the rapid 

determination of stresses and strains in 

bulk engineering components and mate­

rials. FaME38 has been working with the 

SALSA team on developing software tools 

for the optimization of beam time. This 

includes the development of a virtual 

beam- line representation. 

A. Steuwer, P.J. Webster, 
Z. Chen, D.J. Hughes, N. Roche, 
B. Malard, N. Ratel and M. Peel 
(FaME38 at the ILL) 

that will allow users to prepare, simulate 

and optimise their experiments via the 

web prior to arriving at the ILL 

Neutron Tomography 
FaME38 is assisting and collaborating with 

the team of Heidelberg University that is 

developing the NEUTROGRAPH beam-l ine 

faci lity at ILL to establ ish novel ways of 

employing neutron tomography and radi­

ography for materials engineering resea rch. 

They can now provide, non -destructively, 

reconstructed images of industrial com­

ponents for eng ineers that are the equiv­

alent of those available routinely to med­

icine from medical X-ray uni ts and body­

scanners. Because of the high flux at the 

ILL, it is possible to investigate dynamic 

processes with a time resolution of less 

than one millisecond in bulk samples (see 

figure 1 ]. New avenues of research include: 

dynamics of water distributions, two­

phase flows, precipitation densities in age­

hardening materials, damage and defor-

I) 

IT) 

I ll) 

Figure I : Comparison of the neutron 

tomography reconstruction of a friction stir 

weld in an age-hardening aluminium alloy with 
an optical micrograph in the weld zone. 

I) Volume rendered tomograph: 11) A 2D slice 
of I): Ill) A n optical micrograph of a similar FSW 
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Figure 2: A screen shot of the LAMP environment configured for peak fitting of a series 
of diffraction peaks. 

mations, fuel cells, heat-exchangers, fuel 

injectors, internal combustion engines, 

archaeolog ical artifacts, fossils, historical 

weapons and tools. 

Software 
An important aspect of FaME38 work is 

continuously developing a variety of soft­

ware tools that are user-friendly for mate­

rials engineers, with the aim of making 

strain-scanning experiments simpler, faster, 

and more efficient. A lightweight, cross­

platform, application is being developed 

which will be able to fit peaks and allow 

strain analysis, as soon as the data are col­

lected, from all the various instruments on 

the joint ILL-ESRF site, bridging the gap 

between control software and real results. 

The 40-month EPSRC-funded start-up 

phase of Fa ME38 is due to finish at Easter 

2005 when it is intended that the facil ity 

will be final ly commissioned and be fu lly 

available to users. The ILL has been 

involved with engineering studies for many 

years, for example strain scanning since the 

early 1980s, and has many unique 

resources, and expertise, that could be 

exploited by engineers. Unfortunately 

conventionally-trained eng ineers have, 

until recently, generally been slow to rec­

ognize and to use these resources, and 

those of most other neu tron and syn­

chrotron X-ray central facilities. This is 

largely because the facilities were never 

originally intended, nor designed, for engi­

neering research. In particu lar, the equip­

ment has usually had to be substantially 

adapted; the hardware to scan large com­

ponents in real space rather than small 

sa mples in recip rocal space for example; 

and the software, though flexible, has not 

been engineer-user-friendly or capable of 

on-line data analysis. 

FaME38 was set up specifically to address 

these limitations so that engineers would 

be able to conduct experiments routinely, 

accurately and efficiently without having 

to have an expert knowledge of neutron 

science. This has largely been achieved 

with ~ 100-fold improvements in many 

critical areas such as positioning accu­

racy, set-up times, counting efficiency and 

data visual ization, processing and ana ly­

sis. Faci lities and expertise for materials 

engineering research are now available 

on-site and we look forward to their rap­

idly increasing exploitation by both aca­

demic and industria l engineers. 
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liquids and glasses 

Gabriel Cuello, College 6 Secretary - httpJ/www.ill.fr-/Col1eges/C6/ 

Much of the intense research interest in amorphous solids is driven by their technological importance. Examples include the use 

of ultra transparent optical fibres for telecommunications, amorphous semiconductors in xerography and solar cells. and the 

ubiquitous everyday uses of organic glasses as structural materials.The molecules in a liquid or amorphous system are arranged 

tighter and are more orderly than in a gas, but less orderly than in a crystal. In crystalline solids, such as table salt or sugar. the atoms 

are stacked in a precise three-dimensional order that repeats throughout the crystal, and we say these substances have long-range 

order. In gases. the atoms or molecules have no order at all but move freely. allowing gases to expand and fill a container. 

Amorphous solids have no long-range order. but their molecules have some order with respect to the nearest neighbou1·s. 

Every molecule in an amorphous solid has the same number of nearest neighbours, and each of these neighbouring molecules is 

roughly the same distance from one other. But the position of molecules that are further away from a particular one becomes 

more and more random with increasing distance, showing that amorphous solids have just short- or inte,mediate-range order. 
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The detenmination of the structural and dynamical properties of a liquid or an amo1·-

phous solid is a ditncult task because any scientific insight must be achieved without the 

help of the mathematical amenities useful in the crystalline solid state. Special experi­

mental techniques need to be employed and among them, neutron scattering 1s one of 

the most powerful. In the case of local structural studies, only a limited amount of infor­

mation is generally obtainable, and the construction of structural models is the most use­

ful route to a further understanding. A good example is the article by Cuello et al., where 

a combination of neutron diffraction experiments and numerical simulations is required 

in order to search for some kind of clustering in molten metallic alloys which present an anomaly 1n the sound propagation. 

More and more experiments 1n our College have applications in Earth and Environmental Sciences. 

The absence of a periodic lattice has several effects: there is no reciprocal lattice and so the wave vector is no longer a good quan­

tum number for the excitations in the system.Thus, the phonon states cannot be described in tenms of dispersion curves: instead 

the only quantity which is a valid description of excitations in a non-crystalline material is the density of states. Neutrons are a 

direct probe of the density of vibrational states. In many respects the v1brat1onal behaviour of amorphous solids is very similar to 

that of the corresponding crystalline fonms. with the exception that selectJon rules for tiransitions are relaxed and sharp features 

of vibrational modes are smeared out due to the lack of periodicity. Where the amorphous materials do differ markedly from 

their crystalline counterparts is in the realm of vibrational properties at very low temperatures, the heat capacity. thenmal conduc­

tivity and other vibrationally dependent properties being singularly anomalous for the amorphous state.This 1s the case for the 

solutions of alpha-cyclodextrine, water and 4-methytpindine that were studied by Plazanet et al. These solutions are homogeneous 

and transparent at ambient temperature and solidify when heated, 1.e .. the solutions freeze on heating. The authors postulate a 

reanrangement of hydrogen bonds as responsible for this striking phenomenon. Another variety of randomness is spin disorder, 

in which the underlying perfect crystalline lattice 1s preserved. but each atomic site possesses a spin or magnetic moment. and this 

1s randomly oriented: these materials are tenmed spin glasses. Pickup et al. have perfonmed a neutron spin-echo expenment on a 

rather unconventional spin glass. Co,.,., Ga_,_.They found that a model to explain the universal dielectnc response can be used to 

explain the complex spin relaxation above the glass transition temperature. 

The highest number of proposals is still in the field of non-polymenc glasses and amorphous mateiials. Issues to be addressed 

here include the effect of confinement. ionicity vs. covalency, and manifestations of 1ntenme­

diate-range order.We also observe a shy return to the issue "excess" of low frequency modes 

- the so-called • 'Boson peak'·. A wide range of interesting proposals appear under the head­

ing of molecular liquids and gases: from the magnetic and structural correlations in liquid oxy­

gen, to biologically relevant solvation in watei: In tenms of industrial applications, we note sig­

nificant interest from those involved in nuclear waste containment and separation. Finally. just 

a mention that the two most highly demanded instruments in our College (D4 and IN I ) returned 

to operation this year for the happiness of our users. 



liquids and glasses 

Are there clusters 
in Fe-Ni-S molten alloys? 
We have performed a neutron d1ffract1on study on molten alloys of Fe-N1 
and Fe-Ni-S systems searching for evidence of clustering in these liquids, 
which are supposed to be constituents of the Earth's outer core.The presence 
of clusters could explain the observed anomaly in sound propagation . 
Although we have found large structural differences on adding sulphur 
to Fe-N1 alloys, we have not found any evidence of clustering, and the question 
about the origin of the anomaly in the sound velocity remains open . 

This kind of result is relevant also to stud­

ies of solar system formation and compar­

ative planetology. The Earth, lo, Ganymede 

and Mars seem to be the only bodies in the 

solar system for which a metallic core has 

been directly detected either by means of 

seismic waves or by measurements of the 

gravitational field. Given their relative 

locations in the solar system, this remark­

able similarity must be accounted for in 

theories of the solar system's origin and 

evolution. 

A highly anomalous behaviour has been 

recently reported [2] on the 
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plausible explanation for the observed 

acoustic anomaly [2] . In fact, some elec­

tronic properties of the pure liquid com­

ponents are shown to be deeply affected 

by the presence of elements such as Si or 

S [4]. something that is expected to lead 

to substantial changes of structure. If such 

"molecular" units exist in the liquid as a 

consequence of some sort of S-induced 

rearrangements, then the break-up of 

these units with increasing temperature 

could explain the increase in sound veloc­

ity as well as the anomalous behaviour of 

its attenuation. 

We have performed on D4 (the liquid and 

amorphous diffractometer at the ILL) a 

neutron diffraction study of the liqu id 

mixtures referred to above with in the tem­

perature range 1700 - 2000 K aiming to 

T he present understanding 
of the nature of the inner core of planets 

identifies light alloying elements as nec­

essary ingredients to explain a wealth of 

seismic data. The outer liquid core of the 

Earth is less dense than bulk iron [1]; sev­

eral light elements (e.g., 0, S, Si and C) have 

been suggested as possible alloying ele­

ments, which upon dissolving in liquid Fe 

in the outer core can account for its lower 

density. Special attention was paid to the 

characterisation of thermal and mechan­

ical properties of mixtures such as Fe-Ni 

sulphide alloys, since their accurate knowl ­

edge is required as input for thermo­

mechanical models of the planetary cores. 
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Figure I :ArtistJc view of the Earth's intenor. 
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ultrasonic sound velocity and 

attenuation in the mixture 

850/oFe-50/oNi- 100/oS for tem­

peratures above the melting 

point up to 2000 K under its 

saturated vapour pressure. In 

fact, and contrary to data for 

the pure liquid-metal compo­

nents [3]. the acoustic velocity 

for such a sample increases 

with temperature, whereas in 

molten Fe, Ni and S it 

decreases. The existence of 

some form of microscopic 

aggregation is postulated as a 
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Figure 2: Pair correlation functions and density functions 
(inset) for the three samples. 



detect significant differences of structure 

at scales of a few tens of A·s. The obtained 

pair distribution functions show the pres­

ence of significant osci llations that reveal 

rather long-ranged density correlations 

extending up to distances as long as 15 A 

(figure 2). The most remarkable feature 

here is the closeness of the phases of all 

three weighted pair distribution functions 

for distances smaller than 6 A, as well as 

the notable differences exhibited by the 

Fe.sNisS., samples with respect to the two 

binary alloys above such a cut-off value. 

The radial distribution functions, the inte­

gral of which measures the number of 

particles within a volume element defined 

by a sphere of a given radius, show signif­

icant differences between all three samples. 

In fact, a rough estimate of the differ­

ences in microscopic densities is provided 

by integrals of such functions using as 

upper limits their local minima that are 

located at about 3.3 A and 5.6 A. The par­

ticle numbers obtained are 13.7, 12.6 and 

12.2 corresponding to the first peak of 

Fe,,,1Ni 10, Fe" Ni " and Fe.sNi,Sw respectively. 

To understand in greater detai l the 

observed trends in terms of particle con­

figurations, we have carried out a set of 

Reverse Monte Carlo simulations [5]. For 

such a purpose we have constructed sim­

ulation cells containing 20000 atoms with 

proportions corresponding to the three 

compositions. Several starting configu­

rations were chosen. First we chose a ran­

dom configuration of all the atomic species 

with the only imposed constraint being 

that the distance between all atoms can-

Fe-Fe 

Fe Ni Fe N1 S 

Figure 3: Two snapshots of the Fe environment as obtained from Reverse Monte Carlo s1m­

ulat1ons. 

not be less than 1.8 A. A second set of sim­

ulations was carried out for the Fe-Ni-5 

sample where the initial configuration 

consisted of all su lphur atoms arranged in 

5-5 pairs and 5-5- 5 triplets. In all cases 

the initial configurations were later mod­

ified following a Monte Carlo strategy [5] 

so that the calculated structure functions 

fitted the experimenta l neutron diffraction 

patterns. This algorithm adequately repro­

duces the experimental observations in 

terms of particle configurations which 

give plausible atomic structures compat­

ible with the observed structure factors. 

No significant 5-5 correlations were found 

in Fe8sNisS,0 after extensive searches over 

many particle configurations and initial 

conditions. Our present data, and the sub­

sequent analysis on the basis of Reverse 

Monte Carlo results, are consistent with a 

fully randomised distribution of S atoms 

over the whole meta ll ic Fe-Ni matrix. 

Moreover, no clear signature of a well 

defined 5-5 bond is seen, either as a 

molecular form-factor contributing to 

5(0) at large Ovalues, or as an identifiable 

peak appearing at about 2 A in the static 

correlation function . Th is finding is in 

apparent contrast with the conjecture of 

formation of long aggregates of "molec­

ular" Sand their break down with increas­

ing temperature as a main mechanism to 

explain ultrasound data [2] . On the other 

hand, our results are in line with first ­

principles calcu lations [6], where no ten ­

dency to polymerisation of S was found. 

Our data show that relevant structural 

details of alloys suspected to be present 

within the Earth's outer core can be derived 

by means of neutron diffraction. This 

opens the way for future experiments 

using isotopic substitution in order to 

derive first hand experimental information 

on the partial pair correlation functions. 

The present data suggests rather well 

defined Fe-5 bonds, possibly of a cova­

lent character, although the binding 

strength does not seem to be high enough 

to consider such units as "molecu les''. 
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Excitations of metastable 
supetfluid 4He 

J. Bossy (CRTBT. CNRS) 

L1qu1d 'He confined tn porous media is an ideal system in which to reveal 
onset temperature of BEC, of well defined 

phonon-roton excitations, and of 

superflu idity, T,, is the same at all pres­

sures. In porous media, the superfluid­

normal phase transition temperature T, 

is suppressed to temperatures below the 

bulk value T,. [6] (e.g. T,.= 2.17 K and 

T, = 1.92 K in 44 A pore diameter gelsil 

at SVP). In addition, both T, in porous 

media and T, in the bulk are further 

lowered if pressure P is applied 

(see figure 1). Bul k liquid ' He freezes at 

P = 25.3 bars. In porous media, however, 

as a result of confinement, the liquid 

the interdependence of supe1iluid1ty, well -defined excitations and Bose-Einstein 

condensation in quantum liquids. In porous media, liquid ' He can be taken 

to higher pressure, to negative pressures. and can be perturbed in a controlled 

way by the disordered environment. These changes affect the excitations, 

Bose-Einstein condensation. and superflu,dity differently. Our recent neutron 

scattering measurements at pressures up to 40 bars show that, for example, 

superfluid1ty can exist without well defined phonon excitations, previously 

thought impossible. 

Liquid •He displays spectacular prop­

erties including Bose-Einstein condensa­

tion (BEC), superfluidity and characteris­

tic phonon-roton excitations that have 

remarkably narrow widths (long life­

times). For example, at a temperature of 

1 K, the width of a phonon -roton mode 

in superfluid 'He is less than one thou­

sandth that of a longitudinal phonon in 

solid ' He. Superfluidity of liquid ' He 

confined in porous media such as 

aerogel and Vycor has been extensively 

investigated for more than 50 years. 

Indeed, the demonstration of superflow 

through capillaries and channels has 

been an integral part of characterising 

superfluidity since its initial discovery in 

1938 [1] . In sharp contrast, 

measurements of excitations and BEC in 

porous media using neutron scattering 

began only recently [2] and have now 

revealed the basic nature of the 

excitations and new layer modes in 

confinement. 

excitations to which a moving superfluid 

could excite and lose energy, i.e. there 

must be an energy gap [4]. In an 

alternate theory, superfluidity follows 
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Figure I: Phase diagram of 'He confined in 44 A porous 
gelsil. Dashed line 1s bulk system, dotted line is 'He in Vycor 
from ref. [6]. and bold solid line 1s 'He in the current gel­
s1I. measured using ultrasound [8). Freezing occurs over a 
P range of - 5.5 bars. reflecting the dlstnbut,on of pore sizes. 
The filled circle 1s the temperature at which the roton dis­
appears at 38.5 bars. Crosses show the superflu1d po1n s 
measured with neutrons. 

phase exists up to higher 

pressures before freezing (up 

to 35-45 bars depending on 

the pore diameter and struc­

ture of the confinement). 

Yamamoto et al. have recently 

reported that T, goes to zero at 

P ~ 35 bars in 25 A gelsil glass 

[7]. Importantly, this means 

there is a normal liquid phase 

between the superfluid and 

the solid phase at low Tin 25 

A gelsil, suggesting that there 

is a "quantum" superfluid-nor­

mal phase transition or 

quantum phase transit ion 

(OPT) . It is not clear how 

Landau's theory applies to a 

normal phase at T = O K. In 

addition, the condensate frac­

tion, n,,, is predicted to drop 

from 7.2~/oatSVP to 20/oat 40bar. 

In his pioneering theory of superfluidity, 

Landau [3] proposed that superflow 

follows because superflu id 'He supports 

well defined phonon-roton excitations. 

Particularly, there could be no low-energy 

from phase coherence created by BEC 

(4,5] even if only a finite fract ion of the 

fluid is condensed. In bulk liquid 'He the 

We have investigated phonon-roton 

excitations in 44 A gelsil, where T, lies sub­

stant ially below T, (T ~ 1.3 K at 35-

fifty-two I fifty-three 



40 bars) [8]. using the IN6 time-of-fl ight 

spectrometer at ILL. We have measured 

the dynamic structure factor S(Q,w) with 

IN6 (see figure 2). and the dependence of 

T, of this system using ultrasound. 

At pressures above P = 24.7 bars, the 

intensity in the phonon mode disappears. 

At wave vectors Q < 1.0 A- 1 there is no 

well-defined mode. Sharp phonon-roton 

modes are observed at higher wave 

vectors only (Q > 1.6 A' at P = 38.5 bars). 

Figure 3 shows the dispersion of the 

observable excitations. Essentially, the 

phonon and maxon mode energies 

increase with pressure while the roton 

energy, £1., decreases. When the mode 

energy reaches the two-roton energy 

2£1., the mode can decay to two rotons 

resulting in substantial broadening and 

a broad resonance in place of a well 

defined mode (see figure 4). 

In summary, we have made the first 

neutron scatter ing measurements of 

metastable superfluid 'He at pressures 

above 25.3 bar, and find that the 

phonon-roton dispersion curve of 

su perflu id ''He in 44 A gelsi l disappears 

from S(O,w) as a well defined mode in the 

phonon-maxonregion,0.4 <0 < l.6A1, while 

the roton is observed at all 

pressures up to solidification. No roton 

is observed in the solid phase. 
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Figure 2: P dependence of S(Q. w) of ·He confined 1n gels1I. at 
a phonon Q (left) and the roton Q (right). Open symbols: P < 25.3 
bars. shaded symbols: P > 25.3 bars. 
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Figure 3: P dependence of the dispersion of the exc1tat1ons. Open 
symbols: liquid 'He at P < 25.3 bars. shaded symbols: metastable liq­
uid ''He. Data at each P 1s offset by 0.2 meV for clarity. 
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liquids and glasses 

Freezing on heating 
of liquid solutions 
Solutions composed of alpha•cyclodextrine, water. and 4-methylpyridine 

are homogeneous and transparent at ambient temperature and solidify when 

heated to temperatures between 45 C and 75°C. Quasi elastic and elastic neu­

tron scattering show that molecular motions are slowed down in the sol"d and 

that crystalline order Is established.The solution "freezes on heating" 

TlllS process Is fully reversib le, on cooling the solid melts.A rearrangement of 

hydrogen bonds is postulated to be responsible for the observed phenomenon . 

O'.-Cyclodextrine (aCD) is a cyclic, 

oligosaccharide capable of trapping 

guest molecules having the size of one 

benzene ring, to form crystal line inclu­

sion complexes. In preparing the inclusion 

com plex of 4-methylpyridine (4MP) in 

aCD (figure 1) we have discovered an 

unusual phase behaviour. At room temper­

ature, so lutions containing up to 300 g/I 

of 4MP in aCD are homogeneous and 

transparent. When heated to between 50°( 

and 80°(. these solutions, which also con-

tain the crysta llisation water of a.CD, solid­

ify. After cooling the solution to room 

temperature, the solid melts and the orig­

inal solution is recovered. A first note [1] 

on this serendipitous discovery has stirred 

considerable interest under the title "Law­

breaking liquid defies the rules" [2] 

In order to characterise and to understand 

changes of structure and molecular dynam­

ics associated with th is transi-
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characterizes the decay in time of the sin­

gle particle fluctuations. The broadening 

of the energy distri bution of the scattered 

neutrons is thus proportional to the decay 

of the particle-particle correlation func­

tion. This way molecular dynamics is mon­

itored. Instruments of different resolu­

tion explore different time scales ranging 

from ps (IN S) tons (IN 10) and longer. The 

angular distribution of the scattered inten­

sity is determined by the amplitude and 

geometry of the motion of the particles. 

Measurements with IN 10 and IN 16 (energy 

resolution ~ 1 µeV), show that at room 

temperature, when the sample is liquid, all 

com ponents diffuse on time scales faster 

than the upper limit of about 10 9 s set by 

the energy resolut ion window of these 

instruments. As the sample is heated, one 

320 340 360 

Temperature. [K] 

tion, elastic and quasi elastic 

neutron scattering experiments 

and molecular dynamics simu­

lations have been carried out 

at the ILL Quasi elastic neutron 

scattering (QEN S) measures 

the scattered intensity as a 

function of momentum trans­

fer, Q = k, - k, and of energy 

transfer, M = E, - E,. The spec­

trum of scattered neutrons, 

S( O,w = L't.E/fv, is the Fourier 

transform of the intermediate 

scattering function, ~O. d: 

Figure 2: Intensity of scattered neutrons in an energy win­
dow of I µeV around t.E = 0, recorded at IN I Oas a func­
tion of heating and cool ing the sample at a rate of 6 ° /hour. 

Figure I : Inclusion complex of 4MP in 
aCD. 
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S( O,w) = tt [t(O,t) exp(iwt)dt, with 

I( 0, rl=(exp(iQr( t+-t)) -exp(-iO· r( t))) 

I( 0, t) is a correlation function , which 

involves the particle position, r(t). and 

of the components in the system slows 

down, making the sample solid. This slow­

ing down upon heating results in a net 

increase of intensity of scattered neu­

trons in an energy window of 1 µeVaround 

M = 0, as shown in figure 2, which pres-



ents curves recorded when heating and 

cooling the sample at a rate of 6°/hour. 

From the intensities, it is however clear that 

only part of the molecules are immo­

bilised. Even at high temperature, in the 

solid phase, a mobility is still observed on 

the time scale of 10 11 s set by the resolu­

tion window of 100 µeVof INS. Only aCD 

is immobilised on these time scales, but the 

4MP solvent remains liquid. 

These observations raise the question 

about the structure of the so lid phase: Is 

the solid ordered or disordered? Which 

length scales are involved? Do sizable clus­

ters of aCD exist already at room temper­

ature 7 These issues were addressed by 

neutron diffraction on D 11 and D 16. At 

lower temperatures, diffraction typical for 

a normal liquid is observed, while sharp dif­

fraction rings emerge in the high temper­

ature, solid phase. Figure 3 shows the dif­

fraction pattern observed on D 16 for the 

solid phase. The first 5 prominent diffrac­

tion peaks correspond to lattice spacings 

of 44.8, 22.5, 20.4, 15.0, and 11.9 A. While 

the space group could not be assigned 

unambiguously, based on this data, all 

possible structures have un it cells of about 

15000 A1 and correspond to a probable 

composition: 4x[aCD + 6xH20 + ea. 

15x4MP]. At still higher temperatures, 

above ea. l00°C, the normal melting of the 

solid phase is observed. 

How can these surprising observations be 

rat ional ised? 

At first sight, it seems difficult to recon­

cile our observations with the require­

ment that entropy must increase with 

I 
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Figure 3: Di ffractogram, recorded with DI 6, of the solid phase at 
70°C. 

increasing temperature, since crystalline 

order is established and molecular motions 

are slowed down. The critical influence of 

small quantities of water and of H/D 

replacement suggest a rearrangement of 

hydrogen bonds as possible mechanism of 

the solidification. MD calculations indicate 

indeed that a structure of aCD with all 

intra-molecular hydrogen-bonds estab­

lished is most stable. The opening of H­

bonds with increasing temperature pro­

vides the possibility for inter-molecular H­

bonds via the water molecules and the 

establishment of long-range order. How 

the ordering of the aCD molecules affects 

the entropy of the liquid phase remains a 

matter of exploration. What our meas­

urements do seem to indicate is that the 

diffusion of the 4MP solvent is increased 

in the ordered structure. 

The observations reported here open many 

avenues for future work. An obvious first 

objective is the determination of the crys­

tal structure of the solid. Based on this 

structure, accurate MD calculations over 

long times should be made in order to 

understand this solidification phenome­

non and the critical role of the small 

amounts of water and the H-bonds that 

they form with aCD and 4MP. In this way, 

this relatively simple molecular system 

will be a very useful benchmark system to 

test the va lidity of force fie lds and of 

molecu lar mechanics/dynamics calcu la­

tions, calculations that can not be tested 

in such detail for more complex biologi­

cal systems. Precise calorimetric meas­

urements must also be made to follow 

enthalpy changes of the phase transition. 

In view of possible exploitations of this 

solidification phenomenon in various con­

ceivable applications, other systems should 

be explored. The observation of this phe­

nomenon in a number of cyclodextrine/ 

pyridine systems suggests that more solu ­

tions cou ld be found with analogous 

behaviour. In a search for such systems, the 

solubility, the ability to establish intra and 

intermolecular hydrogen bonds, and the 

competition between these wi ll be crucia l 

factors. 



liquids and glasses 

A universal dynamic 
relaxation function 
for glassy systems? 
Neutron spin-echo has been used to follow the evolution of the spin dynamics 

as the glass temperature of the unusual spin glass system Co ,Ga . is 

approached from above. Although the observed spin relaxation spectra are 

not consistent with conventional relaxation functions, a model originally 

formu lated by Weron to explain the universal dielectric response law describes 

the Co .. Ga O • data extremely well. The Weron model is based upon the 
assumption that individual dipoles and their environments do not remain 

independent during the relaxation process, and in this respect it may provide 

a more appropriate, and generally applicable. model for spin glass relaxation 

Spin glass phenomenology is an 

extremely rich and rewarding field of study. 

Random or frustrated exchange arising 

either from a frustrated topology of con­

centrated magnetic spins or oscillatory 

exchange mechan isms between dilute 

spins can result in spin freezing processes 

that are in many ways analogous to the 

freezing processes in more conventional 

structural, molecu lar and polymer glasses. 

Indeed spin glasses, despite thei r own 

intrinsic complexities. are often used as re l­

atively simple model systems with wh ich 

to develop our understanding of the 

generic glassy state. 

structural glasses with exponential, 

stretched exponential (Kohlrausch) and 

power law relaxation all be ing reported. 

As part of a wider study of spin relax­

ation phenomena in spin glasses we have 

recently carried out NSE measurements on 

the Co!i,,,Ga~" system. Coso.,Ga~, is a rather 

unconventional spin glass. The compound 

crystallises with the B2 (CsCI) structure. but 

even at stoichiometry (x=O) thermal vacan­

cies occur on the Co sublattice, with the 

associated Co atoms migrating to the Ga 

sublattice. Excu rsions to the Co-rich side 

of stoich iometry further 

increase the number of such Co 
1.0 

0.8 

0.2 
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(Universi ty of Leeds) 

C. Pappas /HMI, 81:rlin} 

B. Farago {ILL} 

beyond x=5 is therefore extremely rapid. 

The NSE measurements reported here were 

made on the Co,,Ga,, compound, for which 

the glass temperature, T,, is close to 17K. 

Both above and below T, the magnetic 

response is dominated by long range spin 

correlations or clusters [3]. At first sight, 

the relaxation spectra above T9 appear to 

follow a stretched exponential or perhaps 

power law time dependence, as might be 

expected for spin glasses (figure 1 ). How­

ever neither function represents the data 

well: the temperature dependences of the 

parameters resulting from a fit of the 

stretched exponentia I form to the data 

are not physically meaningful, whilst a fit 

of a simple power law to the data provides 

values for the t=O correlations well in 

excess of 1 (figure 2). 

This is, perhaps, not too surprising, as 

most relaxation models are based upon the 

conventional Debye mechanism with a 

7 
n 

t (ns) 

The best known feature of a spin glass is 

the sharp cusp-like peak in the low field 

susceptibi li ty at the glass temperature, T,. 

Less wel l known is the persistence of com­

plex spin relaxation in the pa ramagnetic 

state of spin glass systems to temperatures 

approaching 4\ [1,2]. Despite often quite 

severe count-rate limitations, neutron 

spin-echo (NSE) has proved usefu l in prob­

ing such relaxation in a number of spin 

glass systems. It is generally found that 

above T, the relaxation spectra follow sim­

ilar functional forms to those observed for 

"antistructure" atoms. Whi lst 

the Co!.)Gar,., matrix is itself Pauli 

paramagnetic, clusters of anti­

structure atoms do appear to 

possess localised magnetic 

moments, wh ich in turn 

polarise the neighbouring 

structura l Co atoms [3]. Pro­

gression from Paul i paramag­

netism at x=O, spin- then clus­

ter-glass phases through to 

perco lative ferromag netism 

Figure I: Neutron spin-echo spectra from Co Ga,, over 
a range of temperatures above T = I 7K.The solid lines rep­
r·esent a fit of the Weron relaxation model to the data. 
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ation processes constrained by 

strong intra-cluster interac­

tions and weak, long range, 

inter-cluster interactions, 

might be more appropriate. 

Just such a model has been 

suggested by Weron to explain 

the universal dielectric 

response law [4] . Weron intro­

duces the concept of a "wait­

ing time", with the time scale 

for any individual relaxation 

to equilibrium being stochas­

tically dependent upon the sum 

0.8 
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Figure 2: Neutron spin-echo spectra obtained from 
Co,,,Ga ,, at a temperature ofT=34.SK.The lines represent 
fits of the stretched exponential, power law and Weron 
relaxation functions to the data. 

single, local relaxation time, t, assigned to 

the relaxing entities, giving S(t)~exp(-t/1:). 

The frequently observed Kohlrausch form, 

S(t)~exp(-(t/'r)1'. is then considered to be a 

consequence of a distribution of parallel 

but independent relaxation processes, each 

with its own local 1:. For pre-percolative 

Co,,,Ga,,, however, it seems likely that the 

relaxation processes of the concentrated 

spins are not entirely independent. A hier­

archical model of spin relaxation, requir­

ing a serial summation of individual relax-

02 

0O0~~1~0~~2~0~~30~~40-~so~~Gtj 

T (k) I 

Figure 3: The temperature dependence 
of the relaxation rate, 1:, obtained from the 
fit of the Weron function to the NSE spec­
tra of Co Ga . Note that 1: diverges at low 
temperatures following an Arrhenius law 
(solid line). 

of the waiting time and the relaxation 

time. The resu lt is a universal, but simple, 

generalised power law relaxation func­

tion S(t)oc[1 +k(t/t)"] 11• which includes the 

exponential and stretched exponential 

forms as special cases. In the Weron func­

tion k is related to the strength of inter­

action and tends to zero in the absence of 

such interactions, and a is associated with 

the exponent~ in the stretched exponen­

tial form, taking the value 1 in the Debye 

limit. 

The Weron function fits the Co Ga,, NSE 

spectra extremely well as can be seen in 

(figure 1) and (figure 2). We find that a 

maintains the Debye value of 1 at all tem­

peratures, whilst t diverges at low temper­

atures, as expected (figure 3). The dimen­

sionless interaction parameter k increases 

dramatically as T is approached, and is 

found to scale remarkably well with the ac 

susceptibility of Co,5Ga" (figure 4). Unfor­

tunately, the physical significance and ori­

gin of k remains somewhat obscure at 

this stage, and neither the Weron theory 

nor our data offer any real clues. Further 

NSE measurements on a range of spin 

glasses are clearly needed. 

To our knowledge this is the first time 

that the Weron model has been applied to 

the phenomenon of complex magnetic 

spin relaxation processes, although 

Weron's incorporation of macroscopic 

interactions appears to be both logical 

and appropriate for many spin glass and 

cluster glass systems. Indeed, our prelim­

inary survey of NSE spectra obtained over 

the last 25 years from spin glasses above 

T9 suggest that the Weron model may well 

provide a better description of the exist­

ing data than that offered by more con­

ventional relaxation models derived from 

the perspective of parallel rather than 

hierarchical relaxation processes. It remains 

to be seen whether the Weron model is 

more generally applicable to the relax­

ation processes in conventional structural 

glasses above T,, but early indica tions sug­

gest that this might also be the case. 

10 
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Figure 4: The interaction parameter k 
scaled with the real component of the ac sus­
ceptibility of Co,1Ga,, .The inset shows the 
real and 1mag1nary components of the ac sus­
ceptibility of Co, Ga,, as a function of tem­
perature. 
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This year again, scientific highlights in biology illustrate well the growing impact and the diversrty of studies dealing 

with model and biological membranes. Two contributions deal with specular reflectivity studies on solid supported 

bilayers. One is a study of the neural cell adhesion molecule where neutrons and X-rays were used to determine 

the physical dimensions of the natural and modified membrane-bound ectodomains of neural cell adhesion mole­

cules. The other reflectivity study is aimed at localising hydrolysis products resulting from the enzymatic activrty of 

phospholipase A , from snake venom. It reports how, in a selectively deuterated phospholipid bilayer. the compo­

srtion of the bilayer evolves while phospholipids are broken down during hydrolysis by phospholipase A :. A mem­

brane diffraction study on novel synthetic glycolipids shows how the "cylindrical" or"bent'' shape of the headgroups 

affects the swelling properties upon hydration and the stiffness of the bilayers. that is their abilrty, in a regular stack 

to fluctuate around their mean position. The fourth contribution using model membranes gives a first high energy­

resolution wave vector-resolved insight into collective lipid membrane dynamics. It 

is an investigation of molecular motions in model membranes using inelastic scat­

tering on a backscattenng spectrometer. Finally. a last contribution reports on a solu­

tion structure study of the nucleocapsid-binding domain of the Sendai virus phos­

phoprotein, a virus from the family that contains important human and animal 

pathogens like influenza, measles. rabies and Ebola Viruses. The study describes struc­

tural properties of the phosphoprotein, an extremely flexible and long molecule, 

using a combination of crystallography, NMR and SANS. 

Talking about SANS, it 1s worth mentioning the completion of the fast SANS-detector (2MHz) Millennium project 

on D22. After installation during the 2003-2004 winter shutdown, the instrument has been operating during the 

3 reactor cycles in 2004, reaching routinely count rates one order of magnitude higher than before with the previ­

ous detecto1: 

2004 has been an important year for the Partnership for Structural Biology (PSB). The PSB is a strong collabora­

tion between EMBL ESRF, IBS and ILL It was set up in November 2002, and this year. it entered a very concrete 

phase with the start of the PSB-IVMS building construction.Together: the PSB and the IVMS (lnstitut de Virologie 

Moleculaire et Structurale) will form the Centre for Integrated Structural Biology (CISB). Started in June 2004. com­

pletion of the CISB building is expected for September 2005. At that date the deuteration-laboratory will move 

from its current location in ILL20 to the new building. This laboratory for the deuteration of biological molecules 

was set up jointly with the EMBL as part of the ILL strategy for the expansion of the life sciences program in neu­

tron scattering. The laboratory provides support to scientists wishing to make their own deuterated materials for 

neutron scattering experiments. The laboratory has received to date fourteen proposals (among them four for the 

year 2004) for deuterating proteins and nucleic acids. It will become one of the platforms of the PSB which will push 
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this effort further by creating a unique centre of modem techniques to tackle 

fundamental problems related to human health. The deuteration facil ity. as 

well as the other platforms available through the PSB, will continue helping 

ILL users to carry out their neutron scattering experiments in structural biol­

ogy and biophysics using increasingly sophisticated samples. 

The meeting Neutrons in biology.to be held at the ILL (4-7 September 2005) as a satellite meeting of the IUPAB/EBSA 

Biophysics congress, will be a good opportunity to present recent achievements and to get an overview of the resuh:s 

obtained during the last years. 
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In-plane and out-of-plane 
fluctuation of synthetic 
glycolipid lamellae 
The in-plane and out of plane cooperativity in artificial models of cell glycocalix 
under controlled osmotic pressure and temperature was studied using the D 16 

membrane diffractometer coupled with a humidity chamber [I]. Rocking curves 
of oriented multilamellar stacks using the 2D detector allow for the analysis of 
the scattering along different orientations referring to in-plane and out-of-plane 

contributions independently. In-plane membrane fluctuations produce diffuse 
scattering along q , while fluctuations of the periodicity affect the sharpness of the 
Bragg peaks along q, (specular reflectivity).The analysis of the measured lamellar 
periodicities yields quantitative force-distance relationships, which clearly reveal 
the competitive interplay between repulsive hydration forces and attractive "zip­
per" forces depending on the conformation of carbohydrate head groups. 

The surface of plasma membranes is 

rendered with glycocalix, oligo- and poly­

saccharide chains adjacent to glycolipids, 

peptidoglycans, and glycoproteins. They 

serve as stabilisers to retain plasma mem­

brane structures as well as "repellers" to a 

certain distance between neighbouring 

cells via relatively weak (generic) forces, like 

electrostatic interaction, hydrogen bond­

ing, and long-range van 

X-ray scattering (SAXS/WAXS) [2], we 

carried out SANS measurements below 

and above the chain melting temperature. 

In figure 1 a and b our experimental setup 

is described and the chemical structures 

of three glycolipids are presented. In nature 

gentiobiose is claimed to be responsible for 

the toxicity of lipoteichoic acid in Gram 

positive bacteria (similar to the function 

der Waals interaction. As 

simple and well-defined 

glycocalix models, we 

have chosen lamellar 

stacks of glycolipids (syn­

thesised by R.R. Schmidt, 

Univ. Konstanz) . Planar 

multilamellae were pre-

(a) (c) 

out-of-plane t 
fluctuation 
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0 ~ 

r::f 
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of lipid A in Gram negative bacteria). Fig­

ure 1c presents a typical reciprocal space 

map of a lamellar stack of a lipid with 

"bent' gentiobiose head groups with 

deuterated lipid anchors (Gent-D) swollen 

in an H,O atmosphere (at T = 80 •c and a 

relative humidity of 99 O/o.), which exhibits 

clear Bragg peaks up to the fourth order. 

Furthermore, we carried out contrast vari­

ation experiments with Gent-H in a D,O 

atmosphere. The reciprocal space maps 

obtained also exhibit clear peaks up to 

the fourth order, which are complemen­

tary to the results obtained with Gent-0 

in an H,O atmosphere. 

From the reciprocal maps recorded with 

the 20 detector, the specular reflections 

from Gent-D lamellae in an H,O atmos­

phere can be extracted as functions of 

temperature and osmotic pressure. As can 

be seen in figure 2a, the increase in rela­

tive humidity at 30°C (T < Tm) leads to a 

change in the lamellar periodicity from 

64.1 A to 66.4 A, accompanied with a 

0.72 

0.53 

0.35 

ipid solutions on a silicon 

wafer, and were subjected 

to diffraction measure­

ments in a D,O atmos­

phere. Following our pre­

vious studies using 

calorimetry (DSC) and 

Figure I : (a) Experimental setup, (b) chemical structu,-e of glycolipids and (c) reciprocal space map (q,, vs. q,) of 
Gent-D lamellae in H,O atmosphere.The line going through the Bragg peak maxima corresponds to the specu­
lar reflectivit y or q orientation (q" = q,). 

sixty I sixty-one 



ll 14 A 
(b)T = BO' C 

Q 

fv,rrn 55 IC A 

~ ~ 
c c ::, ::, 

-e -e 
~ ~ 

-~ ~ 
C C 
Q) ~ 
~ ~ 
Ol) Ol) 

.9 .9 

0.1 0.2 0.3 0. 1 0.2 0.3 

q,[A l q,[A l 

Figure 2: Intensity extracted from reciprocal space maps along the q, orientation showing 
specular profiles for Gent-D in H,O measured at (a) T <Tm, and (b) T> Tm· 

slight decrease in the out-of-plane order­

ing. On the other hand, at 80' C (T > TJ 

Gent-0 lamellae show a significant 

increase in the lamellar periodicity from 

44.0 A to 50.3 A according to the increas­

ing relative humidity (figure 2b). Similar 

tendencies were observed for the other 

glycolipids with protonated alkyl chains, 

Gent-Hand Lac7-Hlipids, i.e.changesin 

lamellar spacing are more prominent at 

T > Tm (data not shown). This can be attrib­

uted to the larger area per molecule at 

T > Tm 2, which provides larger free voids for 

hydrating water molecules. 

The analysis of the lamellar periodicities 

obtained from the Bragg peak positions 

enables us to plot quantitative force-dis-
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tance [osmotic pressure P vs. saccharide 

layer thickness d) relationships at differ­

ent temperatures. Figure 3 shows the 

force-distance relations of two fully pro­

tonated glycolipids with almost identical 

monosaccharide components and lipid 

anchors: (a) Gent-H with "bent" gentio­

biose head (red). and [b) Lac 1-H with 

"cylindrical' lactose head (blue) swollen in 

a D,O atmosphere. The saccharide layer 

thickness of Gent-H is smaller than that 

of Lac1-H at all pressure conditions, which 

can be attributed to the bending of the 

saccharide junction to the molecular axis. 

The force distance curves of both glycol­

ipids follow an exponential decay, P = P0 

exp(-0/A), where A is the characteristic 

decay length and Dis the thickness of sac­

B 
D 

charide layer [3]. The 

characteristic decay 

length of A ~ 5 A can 

10" ~-.---.....---..----r'-□--~--..---

be calculated for both 

lipids. Interestingly, the 

obtained pressure-dis­

ta nce relationships 

exhibit a clear devia­

tion from the expected 

exponential decay in 

the low pressure 

20 22 24 26 28 30 
Carbohydrate layer thickness [ A] 

Figure 3: Influence of saccharide conformation on the force-dis­
tance relationships. 

regime, 11 < 4 • 10' Pa, suggesting the 

existence of an additional attractive force 

contribution, such as a "zipper" interaction 

from the hydrogen bonding between 

apposing sugar head groups. 

In contrast to the out-of-plane fluctuation 

of the periodicity that influences the sharp­

ness of the specular peaks, the in-plane 

fluctuation of the membrane can be 

detected from the diffuse scattering sig­

nals. As presented in figure 1 c, the Bragg 

peaks observed for highly swollen Gent 

lipid (both Gent-0 and Gent-HJ lamellae 

are accompanied with strong diffuse scat­

tering at T > Tm. On the other hand, the 

scattering peaks from Lac 1-H lamellae 

exhibit very small diffuse scattering [data 

not shown). A significant difference in in­

plane fluctuation strongly suggests that 

"cylindrical" lactose head groups form 

tighter lateral hydrogen bonding networks 

than those formed between "bent" gen­

tiobiose head groups. Such steric (entropic) 

effects of saccharide head group confor­

mation on the lateral hydrogen bonding 

show very good agreement with our pre­

vious interface rheology experiments that 

demonstrate a strong influence of the 

length and conformation of saccharide 

head groups on the viscous and elastic 

modulus of glycolipid monolayers at the 

air/water interface [4]. 

Our experimental strategy is thus promis­

ing to study the in-plane hydrogen bond­

ing network and out-of-plane hydration 

forces in synthetic and natural glycolipids 

and lipopolysaccharides under well-defined 

temperature and pressure conditions. 
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Structural studies 
of the neural cell 
adhesion molecule 
The structures of adhesion proteins play an important role in the formation 
of intercellular complexes and the control of intermembrane spacing. 
We investigated with neutron and X-ray specular reflectivity the structure 
of the ectodomain of the neutral cell adhesion molecules (NCAM). 
The measurements with unmodified NCAM indicate the presence of a bend 
in the extracelullar region C-terminal to the fifth immunoglobulin domain. 
Measurements with the polysialic acid-modified form of NCAM reveal that, 
at physiological ionic strength, the carbohydrate chains extend beyond the 
range of the unmodified protein. The excluded volume of the polymer is also 
ionic strength-dependent, as expected for a polyelectrolyte. These results 
provide structural insights into the configuration of the NCAM ectodomain 
and the regulation of NCAM function by post-translational modification [I). 

Expressed in both developing and 

adult vertebrate organisms, the neural cell 

adhesion molecule (NCAM) is a cell surface 

glycoprotein, which mediates cell adhesion, 

signaling, migration, and plasticity in the 

central nervous system. NCAM binds 

homophilically to other NCAM molecules 

on opposing cell surfaces. All expressed iso­

forms possess an extracellular region corn-

posed of five tandem immunoglobulin (lg) 

domains followed by two, membrane-prox­

imal fibronectin (FNIII) domains. 

In the early stages of development, NCAM 

is post-translationally modified with up-to­

two linear a, 2,8-polysialic acid chains N­

linked at distinct sites on the fifth lg domain. 

This polysialic acid (PSA) modification alters 

the function of NCAM. In contrast to the 
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Figure I: (a) Schematic of the lipid monolayer and trough used in X-ray reflec­

tivity measurements. (b) Schematic of the supported lipid bilayer and sample 

holder for neutron reflectvity studies. The protein is immobilized to the lipid 

bilayer. which 1s supported on an oxidised silicon block The si licon proximal 

lipid layer is gel phase DPPC. and the distal lipid film is fluid NTA-TRIG-DLGE. 
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unmodified protein, the 

PSA-NCAM exhibits 

anti-adhesive proper­

ties. The post-transla­

tional modification of 

NCAM enhances cell 

motility, increases inter­

cellular space, and 

increases neural plas­

ticity. The lengths of the 

carbohydrate chains 

vary widely, ranging 

from 25-100 monomers, 

and they are polydis­

perse. The sialic acid 

monomers are nega-
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tively charged, and inter-segment repulsion 

increases the excluded volume of the chains. 

Adhesion between PSA-NCAM expressing 

cells also depends on the ionic strength. At 

physiological ionic strength, the cells do not 

adhere, but cell adhesion is recovered at 

high (3M) salt concentrations. 

X-ray and neutron reflectivity complement 

each other to determine the physical dimen­

sions of the membrane-bound NCAM 

ectodomain and of PSA-NCAM monolayers 

supported on lipid membranes. A better 

contrast between the different layers is 

obtained with the neutrons while a higher 

spatial resolution is reached with the X-rays. 

Here, NCAM and PSA-NCAM were engi­

neered with C-terminal polyhistidine tails. 

These were in turn immobilized and 

oriented on Ni-NTA-lipid monolayers. 

Figure 1 shows the different sample sys­

tems for X-ray (I010B, ESRF) and neutron 

studies (017, ILL). 

The neutron measurements were performed 

in time-of-fl ight mode with a spread of 

wavelength from 0.2 to 2 nm and with 2 

buffer solutions of different scattering length 

density (SLD) : op solutions with a SLD of 

6.4x10-s A-2 and "Silicon matched water" 

(SMW), a blend of H20/Dp with a SLD of 

2.1x10-s A·2. The constraints imposed by the 

simultaneous (global) fitting of both sol­

vent contrasts yielded a unique model that 

agrees closely with that obtained from the 

X-ray reflectivity data. 

To determine the thickness of the NCAM-His0 

bound to the lipid bilayer, we carried out 

reflectivity measurements of the protein 

monolayer. PSA-NCAM-His0 was also inves­

tigated, in order to determine the steric 

dimensions of the carbohydrate at low 
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Figure 2: Specular Neutron Reflectivity 
Profiles of NCAM and Lipid Monolayers. 
The solid lines are the best model fits to the 
data. (a) Lipid bilayer (black circles) and immo­
bil ized NCAM-His,0 (open circles) monolay­
ers on the lipid bilayer. (b) PSA-NCAM-His,0 

immobilized on a supported lipid bilayer in 
IM NaCl (black circles) and I 00mM NaCl 
(open circles). (c) scattering length density pro­
files ofNCAM and PSA-NCAM on the lipid 
bilayer: NCAM in I 00mM NaCl (dotted line), 
PSA-NCAM in I 00mM NaCl (solid line), 
and PSA-NCAM in IM NaCl (dashed line). 

(100mM) and high (1M) NaCl concentra­

tions. The X-ray and neutron reflectivity 

analyses of the unmodified NCAM 

ectodomain indicate that the protein adopts 

a bent configuration. In both analyses, the 

single box describing the full NCAM 

ectodomain was much smaller than the 280 

A end-to-end length that would be expected 

for the fully extended, i.e. straight protein. This 

indicates that the seven domains do not 

adopt a rigid, linear structure oriented per­

pendicular to the membrane. However, since 

electron microscopy (EM) images and pre­

vious force measurements indicate that the 

lg 1-5 segment is relatively rigid, the bend in 

the ectodomains seen in the EM images can 

account for the fitted thickness of the 

NCAM-His0 layer. The location of the bend or 

hinge was postulated to lie between the fifth 

lg domains and first FNIII domain. These 

reflectivity results, together with previous 

force measurements support this model for 

the bent ectodomain configuration. 

The large increase in the thickness of the 

PSA-NCAM-His10 re lative to that of the 

NCAM-His,0 suggests the mechanism by 

which PSA inhibits cell adhesion. The struc­

tural interpretations of the X-ray and neu­

tron reflectivity spectra of NCAM-His0 mono­

layers in 100mM and 1 M NaCl solutions are 

shown in figure 2. In both the X-ray and 

neutron reflectivity data, the best-fit 

models of the overal l thickness of the PSA­

NCAM layer in 100 mM NaCl agree within 5 

A, and both models exhibit high roughness 

values for the glycoprotein layers. The glyco­

protein thickness from both models further 

shows a large increase in the overall thick­

ness relative to that of the unmodified NCAM. 

These data therefore quantitatively show 

that the PSA chains extend beyond the 

unmodified protein at near-physiological 

NaCl, and would thereby generate an elec­

trosteric repulsive barrier that prevents the 

close approach of opposed cells. 

These measurements provide a structural 

interpretation of the ionic strength depend­

ence of adhesion between cells expressing 

PSA-NCAM. The fitted model for PSA-NCAM­

His0 in 1 M NaCl shows a significant shift in 

both the electron density and the SLD. With 

both X-ray and neutron reflectivity models, 

the overall thickness descreases, and the seg­

ment density near the base of the protein 

increases. The interpretation of these model 

results is shown in figure 3. These results 

support previous evidence for the reduction 

in the excluded volume of PSA at high ionic 

strength. They show further that, in 1 M NaCl, 

the PSA does not extend the entire length of 

the glycoprotein, since the density of the 

outer layer matches that of the unmodified 

NCAM. The polymer segment density clearly 

shifts at high ionic strength, such that the N­

terminal lg domains could lie outside the 

excluded volume occupied by the carbohy­

drate. These results explain the onset of adhe­

sion between PSA-NCAM expressing cells in 

3M NaCl. The chain collapse reported in this 

study would reduce the osmotic repulsion 

between cells, and expose the adhesive lg 

domains. Both effects would enable NCAM 

from adjacent cells to adhere. 

These structural analyses support the hypoth­

esis that PSA regulates NCAM function, and 

cell adhesion in general, by increasing the 

excluded volume of NCAM, and hence the 

range and magnitude of the repulsive 

pressure between adjacent cells. Despite the 

independent fitting of both the neutron and 

X-ray reflectivity data, the resultant models 

agree qualitatively for every sample in which 

a comparison can be made. The added 

constraints placed on the global neutron 

reflectivity fits and the use of multiple con­

trasts eliminated many models that would be 

considered degenerate with only one solvent 

contrast. 
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Figure 3: Mocel interpretations of the density pro­
files from X-ray and neutron data The box mod­
els describing the X-ray reflectivity profiles are 
shown in (a). The black figure in (b) and (c) indi­
cates the NCAM ectodomain configuration 
compatible with the measured thickness and pro­
posed bend in the structure. The structure in (b) 
shows the proposed excluded volume of the PSA 
in I OOm M NaC I, and (c) indicates the excluded 
volume of PSA in I M NaC I . 
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Distribution of reaction 
products in phospholipase 
~ hydrolysis 
We have used specular neutron reflection, measured on D 17, to determine 
the structure of a selectively deuterium labelled phospholipid bilayer, and report 
how its composition evolves while the phospholipids are broken down during 
hydrolysis by phospholipase A2 (PLA2) from the venom of the snake Naja 
mossambica mossambica. There is a significant asymmetry in the distribution 
of the reaction products between the membrane and the aqueous environment 
which suggests that the lipid substrate undergoes dramatic physical changes 
during the hydrolytic reaction.The concomitant increase in PLA2 affinity for 
the bilayer also suggests a membrane-composition-related regulation process 
of the activity of this class of enzymes. 

PhospholipaseA2 (PLA) selectively 

cleaves the sn-2 ester bonds in 3-sn-phos­

phoglyceride lipids, the main lipid compo­

nent of mammalian cell membranes. PLA, 

is present in a wide range of biological 

environments from invertebrate and insect 

venoms to the mammalian immune system 

[1], and performs a large number of differ­

ent physiological functions although the 

chemistry at its catalytic site is preserved 

across species and class. The atomic reso­

lution structures of many PLA,s have led 

to an established understanding of the cat­

alytic mechanism, but it only catalyses 

hydrolysis in the presence of an aggre­

gated lipid interface, and is therefore an 

interfacially activated enzyme. The complex 

reaction kinetics of PLA, have been previ­

ously analysed assuming that the lipid 

membrane retains its structure during 

hydrolysis [2], and so called "interface qua l­

ity" effects, such as membrane curvature or 

microheterogeneity, have been invoked to 

account for the diverse behaviour of PLA, 

in phospholipid membranes. 

The vast majority of PLA,s do not act in 

response to a specific activating receptor, 

sixty-four I sixty-five 

and readily hydrolyse simple phospholipid 

model membranes. In the hydrolysis of 

long-chain membrane phospholipids, the 

reaction progress is found to be depend­

ent on the type of phospholipid, with some 

enzymes exhibiting a long dormant phase 

before the onset of rapid hydrolysis. The 

extent of reaction also varies, although the 

enzyme itself is still found to be catalyti­

cally active if fresh phospholipid material 

is presented. In viva, the activation and 

regulation of this group of enzymes is still 

poorly understood, although there are some 

indications of a link between molecular 

specificity and biological function. Although 

the reaction kinetics have been investi­

gated for decades, the experimental tech­

niques used have not allowed the determi­

nation of the amount or the location of the 

enzyme at a lipid interface, or the compo­

sition of the membranes during hydrolysis. 

Neutron reflectivity of supported phos­

phocholine bilayers recorded during Najo 

mossambica mossambica PLA, hydrolysis 

has shown that the enzymatic breakdown 

of the lipids leads to the destruction of the 

supported bilayer by solubilisation of up to 

H.P. Vacklin and R.K. Thomas 
(University of Oxford) 

F. Ti berg (Camurus, Lund} 

G. Fragneto {ILL) 

900/o of the lipid material [3] . The enzyme 

was found to reside in a 21 ± 1A thick layer 

at the lipid-water interface with partial 

penetration into the outer membrane leaflet 

increasing with lipid chain saturation. The 

extent of the reaction decreased with chain 

saturation, indicating that the hydropho­

bic region exerts a regulating force on the 

enzyme, which is also supported by the 

strong and irreversible binding of PLA, to 

a hydrophobic self-assembled monolayer. 

We have now monitored the surface com­

position of a bilayer of d31 -POPC, which 

has a perdeuterated sn-1 palmitoyl (Cl 6:0) 

chain and an unmodified sn-2 oleyl (Cl 8:1) 

chain. A reaction scheme with the scatter­

ing length densities that formed the basis 

of our data analysis of the phosphocholine 

components can be found in [3]. 

The reflectivity profiles, collected on D17 

at the ILL in the time-of-flight mode, of 

d
3
,-POPC before, after 70 minutes and after 

10 hours of PLA, hydrolysis are shown in fig­

ure 2. The bilayer initially has a lipid volume 

fraction of 0.82±0.05 in the hydrocarbon 

core region, and a thickness of 44±2A, with 

the scattering length density of the chain 

region found to be 3.17±0.15 x 10-6 A-2_ 

During the first 70 minutes of the reaction 

the membrane thickness decreases to 

31±2A, but most remarkably, the scatter­

ing length density of the lipid chain region 

decreases to 1.4±0.15 x 10-6 A-2, which cor­

responds to 1 :3 ratio of deuterated palmi­

toyl chains and oleyl chains_ This ind icated 

that 500/o of the lipid molecules have been 

hydrolysed and that al l the re leased d31-

lyso-palmitoylphosphocholine has left the 

interface. At this stage of the reaction, a 

22±1 A thick layer of the enzyme was 

found at the membrane-water interface, 
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Figure 2: N eutron reflectivity profiles of d3 -PO PC before and 
during PLA, hydrolysis.The black lines indicate data fits from optical 
matrix simulations of reflectivity and statistical error bars are given 
for each data point. The red and blue lines are the calculated 
reflectivities at 70 min. and 610 min. assuming that the scattering length 
density of the hydrocarbon chains remains 3. 17 x I o·• A-2 and both 
reaction products leave the interface at the same rate. 

at3.17±0.15 x 10'6 A-2. 

The solid red and blue 

lines in figure 2. rep­

resent these reflec­

tivities at the same 

areas per molecule 

as the black lines for 

70 and 610 minutes 

after the start of the 

reaction and demon­

strate the sensitivity 

of neutron reflection 

to the layer compo­

sition. Figure 3 shows 

a schematic model of 

PLA, interaction with 

the phospholipid 

bilayer. This is the first 

occupying 40±5vol0/o of the outer lipid 

headgroup region. After 10 hours the reac­

tion had gone to near completion, with a 

23± 1 A layer of oleic acid (p = -0.2±0.1 5 

x 10-s A-2) remaining on the surface at a vol­

ume fraction of 0.55±0.05 and a 21 ± 1A 

thick layer of PLA, with an increased volume 

fraction of 0.5±0.05. The errors in bilayer 

structural parameters were derived from 

the maximum acceptable variation in the fit-

direct measurement 

of the distribution of the reaction products 

in PLA, hydrolysis and it confirms that the 

interaction of the enzyme increases with 

increasing fatty acid content of the layer. 

The solution partitioning of lyso-lipid and 

the accumulation of fatty acid in the mem­

brane are consistent with their solubilities, 

with the lyso-lipid having a large zwitteri­

onic headgroup and the fatty acid a long 

.--------------------:::::-7 ted parameters, in other o, O> 

words the thickness, "' o, O> 

volume fraction and 

scattering length den­

sity of each part of the 

lipid layer. 

The reflectivity profiles 

were also calculated for 

the situation where 

both reaction products 

leave the interface at 

equal rates and the 

chain region scattering 

length density remains 

"' 

Figure 3: Model of PLA, interaction with a phosphol ipid bilayer. 
The enzyme resides at the lipid-water interface and penetrates SA 
into the hydrocarbon chain region. Fatty acid accumulates in the 
bilayer as the lyso-phospholipid partitions into the solution. 

saturated hydrocarbon chain. The increas­

ing membrane association of the enzyme 

with increasing fatty acid con tent can be 

understood as an increased electrostatic 

interaction arising from the presence of 

negatively charged fatty acid, but our ear­

lier results on DOPC, POPC and DPPC [3] 

showed that enzyme penetration into the 

bilayer increases with lipid chain saturation, 

wh ich suggest that the interaction is also 

favoured by hydrophobicity_ The increased 

binding of PLA2 to the d31-POPC bilayer 

with accumulating pa lmitic acid now con­

firms that even a long chain lyso-lipid can 

be lost from the membrane as a result of 

hydrolysis. 

Our results cha llenge the view that the 

enzyme operates independently of the 

membrane lipid composition, and cal l for 

the development of kinetic analyses to 

describe the effects of changing composi­

tion. The biological functions of PLA, are 

diverse, and it is likely that its regu lation is 

re lated to the lipid composition in each 

environment. Since PLA, plays a major role 

in inflammatory response, it is a good can­

didate for drug development aimed at its 

selective inhibition, but advance is hampered 

by a lack of understanding about the sub­

tleties of PLA, regulation. We have shown 

that neutron reflection gives unique infor­

mation about the composition of phos­

pholipid membranes, and offers itself as a 

valuable tool to study the regulation of 

PLA, and indeed any membrane binding 

protein. 
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Structure and dynamics 
of the nucleocapsid-binding 
domain of the Sendai virus 
phosphoprotein in solution 
Negative strand RNA viruses contain RNA that is not in the sense of that 
of mRNA (+ sense), which can be directly translated into viral proteins, but in 
the opposite sense.This implies that, upon entry of the infected cell, the viral 
RNA has to be transcribed into mRNA before proteins can be produced. This 
group of viruses contains important human and animal pathogens like influenza, 
measles, rabies and Ebola viruses. The viral RNA is never naked when replicated 
or transcribed but always covered by a nucleoprotein, forming the nucleocapsid 
(NC).The viral RNA-dependent RNA polymerase is bound to this matrix 
through another viral protein, the phosphoprotein (P). Here we describe 
structural studies on P using a combination of crystallography, Nuclear Magnetic 
Resonance (NMR) and Small-Angle Neutron Scattering (SANS). P is an 
extremely flexible and long molecule. The combination of techniques that we 
used gives a view on the structure and function of the protein that any of the 
techniques alone cannot give. 

We study the replication 
mechan ism of this group of viruses 

because this mechanism needs specific 

interactions between many viral proteins 

(unique to these viruses and not found 

in humans) that may form targets for 

antiviral treatment. Much of our recent 

work was done on proteins and com­

plexes from two viruses in this group, 

measles virus and Sendai virus, a parain ­

fluenza-like virus (para influenza viruses 

cause serious resp iratory disease in 

human children and adults) 

The new Carl-lvar Br-anden building that 
will house t he PSB Laboratory 

(Partner-ship of Structural Biology) and 
t he IVMS (Laboratory 

for Mo lecular and Structural Virology) 
on t he ILL-ESRF site . 
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For traditi ona l structura l biology, the 

phosphoprotein of Sendai virus is a very 

difficult protein. Intact P has a tendency 

to aggregate. Therefore, our studies have 

concentrated on the C-terminal region of 

the protein that, by itself, can support 

transcription by the viral polymerase. The 

N-terminal half of P, amino acids (aa) 

1-344, is only very poorly conserved 

between different viruses in this group 

L. Blanchard, M. Blackledge 
and D. Marion (JBS, Grenoble) 

N. Tarbouriech {EMBL. Grenoble) 

W. Burmeister and R. Ruigrok 
{EMBL and UJF, Grenoble) 

P. Timmins (ILL) 

and is not predicted to have regular sec­

ondary structure (no presence of a­

helices or (3-sheets) but to be natively dis­

ordered [1] . By limited protease digestion 

and various expression techniques, we 

were able to define at least two ordered 

domains in the C-terminal half of P, the 

oligomerisation domain (aa . 344-455) 

and the NC-binding domain (aa. 479-

568) [2]. 



The oligomerisation domain could be 

crystallised and its structure was solved 

by scientists at the ESRF in Grenoble [3] . 

This domain consists of a tetrameric 

coiled coil of a-helices. The polymerase 

binds to aa. 411-455 in this domain, 

which is at the same time its most flex­

ible part, ind icated by high temperature 

factors. The NC-binding domain was too 

flexible to crystallise and its structure 

was solved by NMR by scientists at the 

IBS in Grenoble. It appeared that the N­

terminal part of this domain (aa. 479-516) 

was also not regularly structured but 

that aa. 517-568 formed a three-helix 

bundle. The dynamical properties of aa . 

479-516 were neither those of an ordered 

nor of a non-structured domain, but 

somehow in between, as if the structure 

consists of rapidly exchanging structural 

intermediates. 

In order to have an estimate of the 

dimensions of the C-terminal half of P, 

we performed SANS on D22 on the entire 

domain and on the domain formed by aa. 

479-568. Combining all the data from X­

ray crystallography, NMR and SANS we 

were able to derive the model shown in 

figure 1. The C-terminal part of P is a 

tetrameric molecule with a length of 16.0 

nm and a width of 4.1 nm. The two 

ordered helical domains are connected by 

sequences that seem to allow for flexi­

bility but that are not disordered, other­

wise the width of the domain would have 

been larger. Even the coiled coi l structure 

O ligomerisation NC binding 

.___ _____ ............ __ ffl ___ _ 
455 517 568 

'\ M 

N Binding polymerase 
0.06 

0 ••2 

4.1 nm 

t •··· ......................................................... ····• 
16 nm 

Figure I: Structure of the phosphoprotein of Sendai virus. 
Top: Linear representation of P with indication of the oligomerisation and the NC binding domain. 
Middle: Experimental data on the structure of P; electron density map of the oligomerisation 
domain (left), Guinier plot of SAN S data for the NC-binding domain (479-568) (centre) and 
superposed backbones of the 20 NMR structures with the lowest overall energy of the N C 
binding domain (right). 
Bottom: Model of the entire C-terminal domain based on the data from crystallography, NMR 
and SANS. 

is relatively flexible in the area where the 

polymerase binds. The triple helical bun­

dles at the C-terminal end are only small 

and have exposed hydrophobic amino 

acid side-chains. Stabilisation of this 

domain may come from its interaction 

with the nucleocapsid. This molecule is 

made to be flexible in order to continu­

ously make and break contacts with its 

partners; the polymerase and the nucle­

ocapsid. The combination of techn iques 

as used here was necessary to start to elu-

cidate its structure and function. 

This work is described in reference 4 and 

is a long-standing collaboration between 

the EMBL, ESRF, IBS and the ILL (the "PSB 

partners"), the Laboratory for Molecular 

and Structural Virology, FRE2854 CNRS­

Un iversite Joseph Fourier, Grenoble, 

together with Dan Ko lakofsky, Depart­

ment of Microbiology, Geneva Univer­

sity Medical School and Fabian Wild, 

INSERM Un ite 404, CERVI, IFR 128, Lyon. 
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Probing dynamics 
at interfaces: molecular 
motions in lipid bilayers 
studied by neutron 
backscattering 
Lipid membranes in a physiological context cannot be understood without 
taking into account their mobile environment. Here, we report on a high 
energy-resolution neutron backscattering study to investigate slow motions 
on nanosecond time scales in highly oriented solid supported phospholipid 
bilayers of the model system DMPC -d54 (deuterated 1,2-dimyristoyl-sn­
glycero-3-phoshatidylcholine). This technique allows discriminating the 
Q-dependent onset of mobility and provides a benchmark test regarding the 
feasibility of dynamical neutron scattering investigations on these sample 
systems.Apart from freezing of the lipid acyl-chains, we could observe a second 
freezing temperature that we attribute to the hydration water in between 
the membrane stacks. The freezing is lowered several degrees as compared 
to (heavy) bulk water. 

on nanosecond time scales in highly ori­

ented solid supported phospholipid bilay­

ers of the model system DMPC -d54 

(deuterated 1,2-dimyristoyl-sn-glycero-3-

phoshatidylcholine), hydrated with heavy 

water [2]. The scattering volume restric­

tion resulting from the low scattering vol­

ume of quasi-two 

dimensional planar 

membranes and the 

small inelastic signal 
Neutron guide : 1 

j / 

M.C. Rheinstadter and T. Seydel (ILL) 

T. Salditt (University of G6ttingen) 

corresponding to an incident and analysed 

neutron energy of 2.08 meV (A.=6.27 A). Two 

types of measurements have been per­

formed. With fixed energy-window scans 

centred at zero energy transfer (FEW-scans), 

the scattered intensity arising from the 

sample, which is elastic within the instru­

mental resolution, was recorded as a func­

tion of the sample temperature. From FEW­

scans, information on the onset and type 

of molecular mobility in the sample can be 

inferred. Thus, glass or melting transitions 

can be clearly identified and assigned to cor­

responding length scales by analysing the 

corresponding Q-dependence. The second 

type of measurement was performed by 

Doppler-sh ifting the incident neutron 

energy through an adequate movement 

of the monochromator crystal. 

The IN 10 analysers cover an angular range 

of approximately 20° each, resulting in a 

rather poor O-resolution, but enhanced 

sensitivity for even very small inelastic sig­

nals. We used six discrete detector tubes of 

IN 10. The broad lipid acyl-chain correlation 

peak that occurs at 0,-=1 .4A·1 was (mainly) 

detected in one detector tube ('lipid detec­

tor'), as depicted in figure 1. A O-range of 

Lipid membranes as model sys­

tems for more complex biological mem­

branes [1] cannot be understood without 

taking into account the structure and 

dynamics of their aqueous environment. The 

structure and dynamical properties of the 

bound water layers next to the bilayer as 

well as the 'free' (bulk) water further away 

from the water/lipid interface are of great 

importance in understanding the thermal, 

elastic and transport properties of the mem­

brane. While most spectroscopic techniques 

such as nuclear magnetic resonance or 

dielectric spectroscopy, are limited to the 

centre of the Brillouin zone at O=0 and 

probe the macroscopic response, neutrons 

and within some restrictions also X-rays give 

unique access to microscopic dynamics at 

length scales of e.g. intermolecular dis­

tances. Here, we report on a high energy­

resolution (µeV) neutron backscattering 

study to investigate slow molecular motions 

was overcome by stack­

ing several thousand 

highly aligned mem­

brane bilayers [3]. 

: I ! Si (1 11 ) 
i \ '-O, I analyser 
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The experiment was 

carried out at the cold 

neutron backscattering 

spectrometer INl0 in 

its standard setup with 

Si(111) monochroma­

tor and analyser crystals 
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Figure I: Schematic of the scattering geometry. The inter-acyl­
chain correlation peak in the plane of the membranes is located 
at 1.4 Ai (the heavy water correlation peak occurs at 2 A '). Spa­
tially arranged analysers al low to separately but simultaneously probe 
the molecular dynamics at different length scales. 



0.3 A '<Ck 1 .9 A' was simultaneously meas­

ured in this set-up to investigate and dis­

criminate molecular dynamics on the dif­

ferent length scales of about 3 to 20 A. 
We performed FEW scans in a temperature 

range of 100-315 K to map out the tran­

sition of the lipids from immobile to mobile 

as a function of temperature for (a) the scat­

tering vector O placed in the plane of the 

membranes and (b) perpendicular to the 

bilayers. While the in-plane component (Q,) 

in the 'lipid-detector' shows a pronounced 

freezing transition, there is no distinct T­

dependence in the perpendicular direction 

(Cl,). We interpret this in terms of correlated 

motions, which take place mainly in the 

plane of the lipid bilayers (in the time and 

length scales observed). Figure 2 shows the 

in-plane component of the elastic scatter­

ing with the measurement in O, subtracted 

as background. In excellent accordance 

with other experiments, we attribute the 

pronounced freezing step ('immobile' within 

the resolution window) at 294 K (Ocentred 

at 1.42 A') to the main transition of the 

(deuterated) lipid acyl-chains from the rigid 

gel phase at low-T into the fluid phase at 

higher temperatures. When analysing all 

detectors we find a second transition at 

about 271 K, mainly in the detector centred 

at O= 1 .85 A', which can be attributed to the 

hydration water of the membrane stacks, 

i.e. water molecules in between the stacked 

bilayers. Even though the detector is not 

perfectly centred to the maximum of the 

static structure factor of water at 0=2 A' 
(which is not accessible on IN 10), it is posi­

tioned to detect a reasonable pa rt of the 

broad heavy water correlation peak. Within 

this interpretation, freezing of the hydration 

water is lowered by about six degrees as 

compared to (heavy) bulk water at 277 K. 

Q 8 ,\ 
T 27 if 

240 260 280 

T (K) 

Q= 142 A 
T, = 294 K 

Figure 2: In-plane component of the elas­
tic scattering signal. The mobile-immobile 
transition (within the resolution window) 1s 
clearly different for t he lipid acyl-chains 
(T =294 K) and the posltlon of the water cor­
relat ion peak (T =27 I K) . Solid lines are 
guides to the eye (counting is normalised to 
monitor). 

Figure 3 displays corresponding energy 

transfer scans. The data have been taken at 

three different temperatures, for T =250, 

290 and 300 K with a typical counting time 

of about 9 hours per temperature. An elas­

tic peak in the inelastic spectra points to 

static order at the corresponding length 

scales, where a fluid system has no order 

at infinitely long time scales. Even within 

the very limited statistics, the different 

dynamics is clearly visible: While the lipid 

acyl-chains melt between 290 and 300 K, 

melting at the water position already occurs 

between 250 and 290 K. 

Our experiment gives a first high energy­

resolution wave vector-resolved insight 

into collective lipid membrane dynamics. The 

dynamical properties of hydration water 

may be different from those of bulk water 

because hydrogen bonding to the lipid 

head groups at the lipid-water interface of 

the membrane might slow down water 

rotation and translation [4]. A scenario with 

gradual freezing of the water molecules, 

depending on the distance to the water-lipid 

interface, is under discussion. Only recently, 

Tarek and Tobias got access to the single­

particle and collective dynamics of hydra­

tion water of a protein [5] by Molecular 

Dynamics (MD) simulations and pointed 

out the importance of 

0.GI 
cT-2S0K,Q 142A 
• T 290K,Q-142A 
Q T 300K,Q IA2A ' 

a T 250 K, Q = 1.85 A 
• T 290 K. Q 1.85 A 
o T 300 K, Q - 1.85 A 

water dynamics for the 

understanding of the 

dynamical transition of 

the protein. The mem­

brane-water dynamics 

must play a crucial role 

for the understanding 

of fluctuations in 

stacked membrane sys­

tems as the hydration 

water e.g. med iates the 

';- 0.008 

"O 

~ 
1 0.004 
6 z 

0.002 

D 

Figure 3: Energy scans at temperaturesT=2S0 K, 290 Kand 300 interactions between 
K for the Q-values 1.42 A' (lipid acyl-chain correlation peak) and two bilayers [6]. 
Q= 1.85 A . At 290 K, the water signal is already "mobile"within the 
experimental energy resolution whereas the lipid acyl-chain are still 
frozen (counting is normalised to monitor). 
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so~ matter 
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The year 2004 has been a particularly beneficial year for soft matter at the ILL Among the events to cite is the 

inclusion in the Millennium Programme of the project for the construction of a new instrument dedicated to soft 

matter and biology, a reflectometer for the study of free liquid surfaces, and the upgrades of the DI I detector and 

tank. The new reflectometer will be optimised for the study of air/liquid and liquid/liquid interfaces, important areas 

of study will be adsorption of surfactants and polymers as well as lipid/protein interactions.The high flux will allow 

the study of kinetics of processes at those interfaces and performances will be competitive with both existing instru­

ments and those to be built at new sources. It wi ll become available to users in 2007. The upgrade of DI I will allow 

the measurement, on t his highly used instrument in soft matter areas, of a wider dynamic range and performances 

wi ll become closer to those of D22. 

The y evr.r 2 o o 4 Ms /Jee1-1, During the year talks have started between the ILL and ESRF for the creation of a 

Partnership for Soft Condensed Matter. A meeting with external experts has taken 

place in December and a report on the outcome will soon be available with indi­

cations for the next eps to be undertaken for a successful start of the project. 

vr. pvr.~,Jy /Jert£{u;iA(_'jtvr.r 
for srrf-t h'Vrtttr vr.-t tlte ILL 

An internal meeting took place also in December where ILL scientists involved in soft matter research could express 

their views. Although opinions were different, most ILL scientists welcomed the idea as a possibility for enhancing 

the development of soft matter science on site. Finally; the new ILL topical brochure is being edited and is fully ded­

icated to soft matter 

This year has also witnessed a noticeable increase in the number of proposal submitted to College 9, particularly 

for SANS and reflectometry. The highlights in the following pages are a few examples of the activity in the field. 

The two contributions from reflectometry represent examples of how fundamental studies on polymer films can 

lead to important technological applications.The contribution by Cooper et al. is on electro-polymerised films of 

conducting polymers bearing activated ester groups. Neutron reflectometry and infra-red measurements where 

performed simultaneously to identify changes in bonding occurring during the nucleophilic substitution reaction. For 

the first time fast time-resolved 1--eflectivity profiles (2 '0 s) were collected on D 17. The contribution by Mitchell et 

al. is on organic light emitting diodes (LED) used in flat panel displays. Simultaneous reflectivity and photolumines­

cence measurements were performed on the polymers deposited on an ITO (indium tin oxide) layer and the rela­

tionship between the 171m structure perpendicular to the interface and light emission was investigated. A small ( 1.5 

nm) thermally stable layer of negligible scattering length density was found between the ITO and the polymer lay­

ers. It could contain air and therefore influence the performances of the light emitting devices. 

The report by J. Eastoe et al. includes SANS results col lected on D22 from photo-sensitive surfactants mixed in 

water-in-oil droplet dispersion with an inert surfactant The irradiation with UV light selectively destroys the photo­

surfactant inducing t he shrinkage of t he water nanodroplets. The photo-surfactants studied here represent a new 

generation of surfactants offering new possibilities for control ling surface tensions, molecular aggregation and bulk 
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fluid properties. 

J.-F. Berret et al. report on the formation of colloidal complexes result ing from 

the electrostatic self-assembly of polyelectrolite-neutral block copolymers and 

oppositely charged surfactants. A core-shell microstnucture is revealed by a plethora 

of techniques including SANS. This is a new self-assembly mechanism interest­

ing as it allows for the association of components of different nature such as organic 

and inorganic or synthetic and biological. 
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Seeing dynamic changes in 
electroactive polymer films 
with neutron reflectivity 
Studies of thin electroactive polymer films deposited on surfaces are integral 
to many applications drawn from diverse fields in analytical and materials sci­
ence and technology. In this report we describe two methods we have devel­
oped so that Neutron Reflectivity (NR) measurements can be used to probe, 
in real-time, the structural changes that occur when polymer films interact with 
external chemical species or electrochemical driving forces . 

Thin e lectropolymerised films 

of conducting polymers bearing activated 

ester groups, such as the pentafluorophenyl 

activated ester of pyrrole-N-propionic acid 

(poly(PFP)), are particularly versatile in fab­

ricating interfaces tailored to perform spe­

cific functions. After deposition, reaction 

with solution based molecules containing 

suitable nucleophilic groups (amines, for 

example) can generate specifically func­

tionalised thin films and interfaces. 

nucleophiles within the film, can all influ­

ence the reaction profile. 

NR is one of the few techniques that can 'see 

inside' polymers with a spatial resolution on 

the nanometer scale. This makes it highly 

suitable to study the spatial progression of 

these polymer modification reactions. How­

ever, the NR profile gives information about 

the atomic composition and salvation of thin 

polymer films, but not about the chemical 

structure or nature of the molecular species 

present. This makes interpreting measure­

ments of multicomponent films difficult. 

We have developed a methodology combin­

ing NR measurements with a chemical 

species assay from infra-red (IR) measure­

ments to identify changes in bonding that 

occur during nucleophil ic substitution [1] . 

Th is global assay can then be used to con­

strain model profiles and interpret them in 

the context of different chemical species. To 

J.M. Cooper, N. Gadegaard and 
A. Glidle (Un1vers1tyof G/asgow) 

A.R. Hillman and K.S. Ryder 
(University of Leicester) 

E.L. Smith (University of Loughborough) 

illustrate this technique we have probed 

the reaction profile of amine terminated 

poly(propylene glycol)s (PPGs) with poly(PFP). 

This particular surface modification has 

applications as both an anti-biofouling coat­

ing [2] and a model for the immobilisation 

of macromolecular biological species such 

as oligonucleotides and microenzymes. 

In early experiments [1] to monitor the 

progress of polymer modification reactions, 

we made a series of discrete NR and FTIR 

measurements after halting the reaction at 

specific periods of time. Thus we could 

only determine the spatial reaction profile 

at a few time points. Recently, however, as 

a consequence of the high flux available on 

Dl 7, we have made insitu kinetic NR meas­

urements whilst concurrently collecting 

reflectance IR data. Our combined NR/IR 

reflectance cell (see figure 1) was mounted 

on the D 17 reflectometer. 

Using the combined NR/IR reflectance cell, 

we have collected NR profiles and IR spec­

tra every 15 minutes during the course of 

the reaction between poly(PFP) and amine 

terminated PPGs of different molecular 

weights. The upper panel of figu re 2 shows 

selected NR profiles collected during the 

course of the reaction between PPG800 

and a poly(PFP) film. Read ily discernable 

changes in the fringe pattern can be seen 

as the reaction proceeds and are associated 

with changes in the IR spectrum (loss of 

In many applications it is desirable to know 

the distribution of the functional species 

within the polymer film. Different scenar­

ios can be envisaged for the progression of 

a reaction 'front' inside a thin film. These 

vary from gradual spatial progression in a 

direction perpendicular to the film/solution 

interface (z-direction), to homogeneous 

modification that occurs at a similar rate at 

all 'z' distances within the film i.e. the reac­

tion proceeds via percolation of reactant 

species from fissures or channels within 

the polymer matrix. Which scenario, or vari­

ant, best approximates the actual situation 

depends on factors that can be externally 

controlled. For example, the reaction time, 

the internal polymer microstructure and the 

size-dependent diffusion of solution-based 

Reflected neutron beam Incident neutron beam 
~-r---==----------::=.,.◄~ Quartz block with 

seventy-two I seventy-three 

Thin layer 
reaction solution Infra-red 

beam-in 

polymer film next 
to reaction solution 

Infra-red Glass face with IR transparent 
detector CaF2 window mounted in 

centre 

Figure I: Schematic of combined cell showing neutron and IR optical paths. 



pentafluorophenyl ring and ester group 

vibrations and gain in amide group signals). 

Quantification of the IR spectra constrains 

the model fits to the NR data by ensuring that 

spatial integration of the polymer scattering 

length density (Nb) is consistent with the IR 

determined composition. The lower panel of 

figure 2 shows a set of constrained scatter-

ing length density (Nb) profiles corresponding 

to different extents of reaction. The evolv­

ing shape of these profiles, most obviously 

of the film in d60MSO, indicates both that 

the region of the fi lm closest to the solution 

interface is the first to react with solution 

based PPG800 molecules and that the reac­

tion front gradually proceeds in the z-direc­

tion. Th is contrasts with the N R/I R resu Its we 
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Figure 2: Top: NR profiles for unreacted polymer (black) 
and after reaction w ith increasing amounts of PPG-800 
(red t hrough yel low) in h•- and d' -DMSO. 
Middle: Reflectance FTIR profiles collected simultaneously 
with NR profiles, every 15 m1n during reaction. Positive 
changes in absorbance corresponds to formation of bonds, 
negative changes to bond breaking. 
Bottom: Frtted Nb profiles for unreacted polymer (black) and 
after reaction with increasing amounts of PPG-800 (red 
through ye llow) . Electrode interface is at 250 A. 

have obtained when following 

the reaction of the shorter chain 

PPG130 with poly(PFP). In that 

case, the reaction proceeds 

almost homogeneously 

throughout the thickness of the 

film. This difference accords with 

a size dependence of PPG chain 

diffusion within the polymer. 

Whilst this result is as expected, 

the NR/I R technique has pro­

vided an experimental tool with 

which to measure this phenom­

enon. 

In a second instrumental devel­

opment, to fol low the salvation 

changes and fi lm swelling dur­

ing redox cycl ing of a polymer 

film, we have written IDL rou ­

tines to link the collection of 

data on D 17 with the control of 

our external instrumentation (a 

potentionstat). This allows us to 

collect a series of short time (ea. 

2- 10 s) NR profiles correspon­

ding to sequential potential win­

dows during the electrochemi­

cal oxidation-reduction cycling of 

poly(vinylferrocene) (f\/F), a redox 

polymer used in sensor applica­

tions (figure 3). To obta in NR 

profi les with sufficiently good 

statistics, we repetitively cycled 

the fi lm for ea. 8 hand used the 

box-car averaging method to 

store reflectivity data corresponding to spe­

cific potential windows in appropriate mem­

ory 'bins'. An example of NR data accumu­

lated in this fashion during the oxidation­

reduction cycling of PvF is shown in figure 

3 [3]. Subsequent analysis revealed that not 

only is there substantial swelling as the fi lm 

is oxidised (see fringe pattern changes in fig­

ure 3), but also that the film salvation changes 

from being almost dry in the neutral, undoped 

state to ea. 250/o solvated when fully doped 

[4] . Significantly, by collecting the time 

resolved data of figure 3, we discovered that 

the majority of this increase in salvation 

occurs during the first 50/o of film oxidation. 

Currently, we are extending these temporal 

studies to see if we can use NR to obseNe 

whether, or no~ neutral analyte molecules (e.g. 

glucose) are transported into the bulk of the 

film with the solvent during the dramatic oxi­

dation induced increase in salvation. 

1.21 1.0 

0.8 

0.6 
E 
-0.4 1 
~0.2 
5o.o 
-0.2 

-0.4 

-0 i.1 0'.2 

le+O f 

le-I 
b-! le-2 1 

-= le-31 
& 

le 

le 

-<1,,. 
Do;, 

-------80 

60 

1
-20 

-40 
06 0.7 

Figure 3: Upper: Voltammogram and inte­
grated current for PVF redox cycle in 0. I M 
N aCIO,. Markers shows limits of potential 
windows between which 'binned' NR pro­
files are collected. Lower: Binned NR pro­
fi les for PVF cycled in 0.1 M NaCIO/D,O. 
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Physical structure and 
optical properties of 
conjugated polymers 
Organic light-emitting diodes (LEDs) based on conjugated polymers are 
set to play an important role in the flat panel displays market. The morphology 
and interfacial interactions of the polymer films control key device properties 
including charge injection and mobility, and luminescence efficiency. 
Neutron reflection (NR) in combination with photoluminescence (PL) 
measurements on partially deuterated light-emitting conjugated polymers 
allows the direct relationship between film structure and light emission 
and the interface with an indium tin oxide anode to be probed. 

W.J. Mitchell, P.L. Burn 
and R.K. Thomas (UniversityofOxford} 

G. Fragneto (ILL) 

J.P.J. Markham and I.D.W. Samuel 
(University of St. Andrews) 

mer-electrode interface can be probed 

simultaneously. We illustrate the tech­

nique with poly[2-(2'-d11-ethylhexyloxy)-

5-methoxy-1,4-phenylenevinylene) (MEH­

PPV) (figure 1) which has a simi lar scat­

tering length density (SLD) to the ITO sub­

strate (4,5] . 

1e+O--..-- ------------, 

Conjugated polymers are an 

important class of organic semi-conduc­

tors, which are being intensively investi­

gated as the light-emitting layer in organic 

light-emitting diodes (LEDs). Cambridge 

Display Technology Ltd, Phi lips, Dupont, 

Covion Organ ic Semiconductors GmbH, 

and Dow Corp all have conjugated poly­

mer programmes. LEDs based on conju­

gated polymers have improved dramati­

cally since their initia l discovery in 1989 

and Philips has now brough t polymer 

based LEDs to a commercial reality with 

a LED based battery indicator in a razor. The 

morphology of the materials plays a crit­

ica l role in controlling the properties of the 

polymers and the performance of the 
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Figure I: Structure of MEHPPV. 
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devices (1,2]. In the context of 

LEDs intermolecular interactions 

between polymer chains are crit­

ical. Strong inter-chain interac­

tions are needed for good charge 

mobility but such interactions 

ca n be bad for light-em ission 

due to excited dimer formation, 

wh ich changes the colour and 

reduces the efficiency of emis­

sion. The interfaces between each 

of the layers in the device and in 

particular the conjugated poly­

mer/electrode interface crit ical ly 

affect the device performance 

[3] . Photoluminescence is a very 

useful technique as it probes the 

1e-9+--- ~--~-~--~-~----i 
0.01 0.02 0.03 0.0 

Momentum transfer A 

Figure 2: Measured NR profiles and fits (solid lines) of 
MEHPPV at: a) r.t.; b) 70 °C; c) 220 °C; d) r.t. after 220 
°C anneal.The reflectivity scale corresponds to the pro­
file for a).The other plots are offset successively. 

light-emitting properties of 

the material. By combining 

NR and PL measurements 

on ind ium tin oxide [ITO] 

using partially deuterated 

polymers the relationship 

between fi lm structure and 

light emission and the poly-

The NR profi les of the polymer/ lTO layers 

(figure 2) at different temperatures were 

col lected on 017 with the in situ PL meas­

urements carried out simultaneously using 

a 408 nm nitride laser for excitation and 

a fibre coupled Ocean Optics CCD spectro­

graph for detection. Whi lst the properties 

of the ITO stayed constant the polymer film 



thickness and SLD was strongly depend­

ent on the thermal history of the film and 

the values are summarised in figure 3 

with the PL spectra at each temperature 

shown in figure 4. A key observation was 

that the NR profiles at each stage of the 

thermal history of the film were more 

complicated than expected for a compos­

ite film comprising individual layers with 

the same scattering length density. The 

complexity in the profiles arises from the 

presence of a small (1.5 nm) therma lly 

stable layer with negligible SLD between 

the bulk polymer and ITO layers. Th is low 

contact layer could be due to a number of 

reasons including the failure of the poly­

mer to wet the ITO surface, the non-uni­

formities of the ITO supporting the fairly 

rigid th ick layer of polymer, or the loss of 

an intervening layer of spreading solvent 

on evaporation under vacuum. The discov­

ery that a low contact layer can be pres­

ent, has important implications for LEDs 

prepared by depositing the polymer directly 

onto the electrode surface. Such a layer will 

be detrimental to charge injection from the 

electrode to the bulk polymer layer lead­

ing to poor device performance and the 

presence of air in the low-contact region 

could also lead to accelerated device degra­

dation. 

Thermal annealing of the polymer layer can 

occur during device production or oper­

ation and hence it important to understand 

the affect of temperature on the proper­

ties of the polymer fi lm. Surprisingly for 

MEHPPV it was found that even modest 

heating (70 °C) caused the film to become 

thinner with a concomitant increase in 
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Figure 3: Summaries of the scattering 
length density (triangles) and film thickness 
(squares) determined from the NR prof11es 
versus temperature. 

SLD (figure 3). Th is change occurs well 

below the glass transition temperature 

( 196 °C) of the polymer and is thought to 

arise from the rearrangement of the poly­

mer chains enabled by the bulky flexible 

2-ethylhexyloxy side groups. Importantly, 

the densification and thinning of the film 

does not cause the PL emission of the 

films to change appreciably (figure 4) 

although the more efficient packing of 

-- (a) 
-- (b) 
-- (c) 
-- (d) 

500 550 600 650 700 750 800 85 
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Figure 4: PL spectra of MEHPPV at: a) R.T: 
b) 70 °C: c) 220 °C; d) R.T after 220 °C 
anneal. 

the polymer cha ins should lead to 

improved charge mobility. The fact that 

MEHPPV anneals significantly at 70 •c is 

important for device manufacturing and 

testing, as it is wel l within the tempera­

ture range at which devices might be pre­

pared and used. Heating the film above the 

Tg simply causes the film to expand and 

the SLD to decrease by the commensurate 

amount {figure 3) . At the elevated temper­

ature the long wavelength side of the PL 

emission is the same as at lower temper­

atures but the peak and blue edge of the 

spectrum has moved to shorter wave­

lengths, which is consistent with more 

disorder in the conjugated backbone asso­

ciated with the expanded film . Finally, 

after cool ing the MEHPPV film was signif­

icantly th inner, denser and better ordered 

when compared with the pre-annea led 

film. The large red-shift of the peak and 

red tail in the PL spectrum {figure 4) of the 

film after the high temperature anneal 

are due to better intra molecular order and 

increased rr-rr interactions. In the device 

context although charge mobility might be 

improved the high temperature anneal is 

detrimental to the films emissive properties. 

In conclusion, these studies show that NR 

in combination with PL measurements is 

a powerful technique for relating 

physical structure to the optical properties 

of conjugated polymer films. 
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Novel core-shell structures 
for colloids made from 
surfactants and polymers 
We report on the formation of colloidal complexes resulting from the 
electrostatic self-assembly of polyelectrolyte-neutral block copolymers and 
oppositely charged surfactants.The copolymers investigated are asymmetric 
and characterised by a large neutral block. Using light, neutron and X-ray 
scattering experiments, we have shown that the colloidal complexes exhibit 
a core-shell microstructure. The core is described as a dense and disordered 
micro-phase of micelles connected by the polyelectrolyte blocks, whereas the 
shell is a diffuse brush made from the neutral chains. Colloidal complexes with 
core-shell structures resemble the well-known amphiphilic block copolymer 
micelles. The self-assembly mechanism is however different here. It is based 
on the complexation between opposite charges.This mechanism has recently 
attracted much interest because it allows the association of components of 
different nature, such as organic and inorganic or synthetic and biological. 

During the last decade, there has 

been a widespread interest for the design 

and synthesis of new polymer-based col­

loidal particles. Among these particles, col­

loidal complexes have emerged as a new 

type of microstructure, with potential appli­

cations in home and personal care, catal­

ysis and drug delivery. Colloidal complexes 

result from a self-assembly mechanism 
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between polyelectrolyte-neutral co-poly­

mers and oppositely charged species. The 

first macromolecules or macro-ions having 

been complexed with these polymers were 

synthetic and biological macromolecules 

[1,2), proteins [3) and surfactant micelles (4). 

In this report, we re-examine the case of 

surfactant micelles using small-angle neu­

tron scattering (SANS) on D22. Two systems 

0.25 0.3 
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are compared. The first ( 1) is a dilute aque­

ous solution containing a polyelectrolyte 

(poly(sodiumacrylate) and a surfactant 

(dodecyl trimethyl/ammonium bromide 

(DTAB)) of opposite charge. The tota l con­

centration of active matter is a few percent 

(by weight) and the charge ratio, Z is 1. Z 

is the ratio between the numbers of surfac­

tant molecules and charged monomers. 

The second system (2) is an aqueous solu­

tion at the same concentration and same 

charge ratio, where the polyelectrolyte is 

replaced by a diblock co-polymer. The first 

block of the co-polymer is the same charged 

chain as in system ( 1) and the second block 

is neutral and water-soluble [5]. Details of 

the structure and molecular weights are 

given in the captions. 

In system (1), the polymer-surfactant solu­

tion undergoes a phase separation result­

ing in two well separated and stable ther­

modynamic phases. The lower phase is a 

white precipitate, whereas the upper phase 

is fluid and transparent. Figure 1 shows 

the X-ray scattering intensity of the precip­

itate. The 10 Bragg reflections observed 

PE 

W;r,,e-vector Q (A ') lattice parameter 
a= 8.61 nm \ 

surfactant 
m,celle 

Figure I: X-ray scattering intensity of the precipitate obtained 
by mixing poly(sodium acrylate) and dodecyltrimethylammonium 
bromide solutions at total concentration c = 2 wt. % and charge 
ratio Z = I .The molecular weight of the polyelectrolyte is 30 000 
g/mol, corresponding to 420 monomers.The succession of Bragg 
peaks is consistent with a cubic structure of symmetry Pm3n.The 
lattice parameter of the elementary cell is 8.61 nm [6]. 
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Figure 2: Schematic representation of the cubic structure asso­
ciated with the space group of symmetry Pm3n.The spheres are 
the surfactant micelles (radius 2 nm) and the polyelectrolytes are 
assumed to wrap around them. For Pm3n cubic structure, each face 
of the lattice cell has two surfactant micelles and the micellar vol­
ume fraction is 0.524. 
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Figure 3: Light and neutron scattering intensities of solutions obtained 
by mixing poly(sodi um acrylate)-b-poly(acrylamide) and dode­
cyltrimethylammonium bromide solutions at total concent ration c = 
I wt.% and at charge ratio Z = I [7).The neutron scattering data were 
collected on the D22 spectrometer at the ILL.The molecular weights 
for both blocks are 5 000 g·mol for the charged segment and 30 000 
g·mol ' for the neut ral one. For this solution, t he solvent is D,O. An 
arrow indicates the position of a structure peak at 0.16 A' .The peak 
corresponds to an interaction distance of - 4 nm, i.e. twice the radius 
of a micelle. Continuous line : calculation of t he form factor of the mixed 
aggregate represented in figure 4 [9). Here, we assume a distribution 
in aggregation numbers, around an average value of I 05 and with a 
standard deviation of 52. 

Figure 4: Representation of a colloidal complex formed 
through the association of oppositely charged block copolymers 
and surfactant micelles. Depending on the molecular weights 
of the copolymers, the radius of the core ranges from I O to 
20 nm and the corona thickness between 25 and 50 nm [6). 

between 0.1 A' and 0.3 A- 1 attest to the exis­

tence of a long-range cubic order, associ ­

ated with the space group Pm3n [6] . The 

cubic symmetry suggests that the surfac­

tants are organised in spherical micelles, 

these micel les being at the nodes of the 

cubic lattice (figure 2). In this arrangement, 

the polyelectrolytes are wrapped around the 

micelles and can connect several of them. 

When the former homopolyelectrolyte chain 

is now part of a diblock co-polymer, the 

phase separation described previously 

ceases to occur [6,7]. For system (2). the 

mixed solutions appear homogeneous and 

transparent. Figure 3 shows the scattering 

cross-section measured by light and small ­

ang le neutron scattering on such solu­

tions. dcr/dQ(q) is dominated by the two 

features: a strong forward scattering (at low 

wave-vectors) and a structure pea k at high 

wave-vectors. In order to interpret the 

spectra of figure 3 quantitatively, we have 

assumed for the surfactant-polymer com­

plexes a core-shell structure similar to that 

shown in figure 4 [6-9]. In this model, the 

core is a dense and disordered assembly of 

surfactant micelles connected by the poly­

electrolyte blocks. The corona is a diffuse 

shell of the neutral chains which is detected 

at much lower wave-vectors. Dynamic light 

scattering experiments actually show rather 

monodisperse hydrodynamic sizes around 

50 nm (radius). which we attribute to the 

overal l dimension of the colloids. The con­

tinuous line in figure 3 has been calcu­

lated by Monte Carlo simulations using a 

hard sphere interaction potential between 

micelles [9]. and an average aggregation 

number of 105 micel les. The agreement 

between experimental data and the model 

is excel lent, especial ly at high q where the 

structure factor is correctly reproduced. 

Co-polymers of different molecular weights 

and of different nature have been stud ied 

in order to demonstrate the universality 

of the electrostatic self-assembly process 

using surfactants. Eight different polymers 

have been investigated and hierarchical 

structures similar to that of figure 4 were 

obseNed [6] . We have found that the size 

of the col loids depends predominantly on 

the degree of polymerisation of the charged 

block. We suggest that the mechanism of 

formation of the colloidal complexes is 

identical to that of the phase transition 

encountered in the polyelectrolyte-surfac­

tant mixtures. With the co-polymers, the 

growth processes are arrested at a stage 

that is controlled by the neutral blocks. The 

polymer brush surrounding the core not 

only prevents the macroscopic phase sep­

aration. It also stabilises the aggregate. 
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Photo-tuneable films 
Surfactants are molecules that adsorb at interfaces, thereby modifying surface 
properties: this is the physical chemistry underlying biological cell membranes, 
lung action, emulsion and foam formation and detergents. For chemically 
inert surfactants used in common commercial products, control over molecular 
aggregation and adsorption states is normally only achieved after significant 
changes in salt concentration, level of acidity or temperature. Deliberate 
destabilisation or resolution of microemulsions and emulsions can be important 
in areas such as pharmaceuticals, organic synthesis, oil recovery, drug delivery, 
cosmetics and nanotechnology. The resulting separation of oil and water 
components gives a route to product recovery or release. Small-angle neutron 
scattering (SANS), coupled with sample contrast variation via selective 
deuteration, is an especially powerful technique for studying surfactant­
containing systems. 

A new approach is to use photo­

sensitive surfactants, such as compound 

1 (figure 1). and now UV light can be used 

as an external stimulus. In the case of pho­

toscission (photolysis) reactions, oil - lov­

ing organic cha ins can be split away from 

the water soluble portion (figure 1 ). Hence 

with photo-degradable surfactants like 1 

it is possible to controllably "switch off' the 

surface activity, by light-driven generation 

of inactive compounds like 2 and 3. In fact 

3 is actually an oily substance with no 

interfacial activity whatsoever. The pho­

tochemica l reactions can be followed, and 

cha racterised by Nuclear Magnetic Reso­

nance (NMR) spectroscopy, prior to neu-

R • ~ 

tron scattering experiments. Analyses of 

these NM R spectra suggest that the reac­

tion is essentially complete, and a photo­

stationary state is reached after typically 

2 hours of irradiation, corresponding to a 

composition of 370/o of 2, 530/o of the 

non-surface active 3 and 100/o residual 

photo-surfactant 1. 

As a good example, consider a water-in­

oil nanodroplet dispersion (microemul­

sion), stabil ised by a mixture of 1 and an 

inert surfactant, which in th is case is com­

mon Aerosol-OT (figure 2 left). Nanome­

ter-sized spher ical water droplets are 

encapsulated by the interfacial surfactant 

hv 
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film, and dispersed in an oily organic sol­

vent (heptane). Application of UV light (hv) 

is expected to selectively destroy the 

photo-surfactant 1, leaving the inert co­

surfactant Aerosol-OT intact. As a result 

of the photo-chemical breakdown of 1 

the composition of the stabilizing layer wi ll 

change in favour of the inert surfactant. 

Th is should then feed through to changes 

in the stability of the microemulsion, and 

also the preferred size of the nanodroplets 

(figure 2 right). 

Figure 3 shows the effect of irradiation 

with UV light: in itia lly the stable 

microemulsion sample is transparent (a) 

since dilute nanometer-sized aqueous 

droplets are present. After a burst of UV 

light larger micron sized drops form (b), 

from which the majority of the water 

phase then separates (cl leaving residua l 

water as smaller microemulsion droplets. 

Hence UV light has caused a partial desta­

bilisation of the dispersion, through loss 

of encapsulated water from the oily 

medium. 

Figure I: The chemist ry behind pho­
todegradable surfactants. 

Figure 2: Concept behind photo-tuneable surfaces comprising a photo-destructible surfac­
tant 
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Figure 3: Shows the effect of irradiat ion wrth UV light: inrtially the stable m icroemul­

sion sample is t ransparent (a) since dilut e nanometer-sized aqueous droplets are 
present. After a burst of UV light (b ) , a m ilky emulsion containiing micron-sized 

droplets begins to form, which eventually resolves into a clear upper microemul­

sion phase and a denser, opaque water-surfactant mixture seen at the bottom of 

the sample (c). Hence UV light has caused a part ial destabilisation of t he disper­
sion, through loss of encapsulated water from the organic medium. 

Figure 4: SANS data from water core(• ) and surfactant shell 
(o )contrasts before ( a) and after (b) irradiation. unes are simul­

taneous frts to botih data sets. to find the water droplet radius 

Rcore, the surface layer thickness t and the polydispersi1y cr/Rcore. 

Sma ll-angle neutron scattering (SANS}. 

coupled with sample contrast variation 

via selective deuteration, is the only viable 

way to study changes of the nanodroplet 

structure. Th is is especial ly powerful since 

the water droplet cores and interfacial 

fi lm can be studied separately in comple­

mentary experiments. 

The SANS instrument 022 was used to 

fol low this UV- induced shrinkage of the 

water nanod roplets. In order to obtain 

deta iled information on the effects of 

irradiation on interfacial and nanodroplet 

structure, SANS experiments with water 

core (Op + h-surfactants + h-oil) and 

surfactant shell contrast (D,O + h-sur-

factants + d-oil) were performed. Th is 

latter arrangement highlights a 

"ho llowshell" of surfactant, with a 

characteristic interference pattern (figure 4). 

These contrast-variation SANS data were fit­

ted simultaneously. After extensive tria ls, 

and based on previous literature, the most 

appropriate model was found to be for 

polydisperse spheres of water with an outer 

surfactant she ll. These detailed analyses 

revea l a shrinkage of the water cores from 

a mean radius of 63 A before to 40 A after 

UV irradiation, corresponding to a decrease 

in nanodroplet volume of about 750/o. 

Therefore UV-driven destruction of photo­

surfactant 1 is equivalent to reducing the 

effective surfactant concentration, thereby 

controll ing the stability and size of the dis­

persed water droplets. 

Chemicals like 1 represen t a new gener­

ation of surfactants wi th added function­

ality and tuneability, and they offer excit­

ing new possibi lities for controll ing, sur­

face tensions, molecular aggregation and 

bulk fluid properties such as visco-elastic­

ity (rheology). Recent research shows this 

to be a general concept, and photo-sur­

factants can be employed to control many 

different properties such as adsorption, 

micellisation and formation of vesicles, 

emu lsion stability and gelation of both 

aqueous and organic phases. 
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nuclear & particle physics 

Paolo Mutti, College 3 Secretary - httpJ/www.ill.fr/nfp/npp/Home.htm 

Four instruments devoted to a variety of topics operate in this College. Two instruments, the high resolution 
gamma-ray spectrometers PN3 (GAMS) and PN I (Lohengrin) the fission product mass spectrometer, cover the 
field of nuclear physics. PF I and PF2 are used mainly in the field of particle physics. 

The year 2004 has been very successful for Lohengrin thanks to the new set 
of very efficient germanium detectors, which have increased the detection effi­
ciency for doubly coincident gamma rays by about an order of magnitude. New 
microsecond isomeric states were measured in m. ,2~ 27• ' 28 ' 30ln and 25Cd. 

These data on the Indium isotopes give valuable information on systematic 
trends close to the doubly magic 132Sn nucleus and allow shell model predic­
tions to be tested. Theoretical interpretations of the structure of these very 
exotic nuclei were made by Covello's group (Napoli). While the energy lev­
els of '29·mln isotopes were reproduced quite well by realistic shell model cal-
culations, the lighter In isotopes were not so well reproduced, probably due 

to changes in theproton-neutron interaction. A new isomeric state was found in 95Kr. For the first time gamma-ray 
spectra of this nucleus, which is nine neutrons away from stability were observed. This isomer allows systematic trends 
in neutron-rich nuclei with 59 neutrons to be studied, since other isomeric states in this mass region had previously 
been measured at Lohengrin. 
The GAMS spectrometers came back in operation after the forced stand-by during 2003 due to exchange of the 
H6/H7 beam tube. After teething problems were solved both instruments performed well, and the background has 
been significantly reduced. Tests indicated the viability of Positron Anihilation Spectroscopy on GAMS. An adequate 
count rate with I 0 times better resolution than classical PAS was obtained. Running the two instruments on 
opposite sides of H6/H7 in coincidence mode promises further improvements including a remarkable 7 orders of 
magnitude gain in background at constant signal. Additionally, a more complete determination of the X and Y 
components of the electron momentum vector might become possible. 
The PF I cold-neutron facility was dedicated to further precision measurements of the A- and 8- asymmetry 
coefficients in the beta-decay of free neutrons (respectively the correlation between the neutron spin and the 
electron momentum; and the correlation between the neutron spin and the neutrino momentum). These meas-
urements were strongly motivated by the current discussion of possible non-unitarity of the Cabibo-Kabayashi-Maskawa 
matrix. This problem arises due to last most precise neutron asymmetry measurements. The realisation of these 
experiments was made possible thanks to recent improvements in the setup of the PF I facility Particularly impor-
tant was the increase in neutron flux due to the new HI 13 neutron guide as well as the almost complete (99.7%) 
neutron polarisation achieved with the newly developed geometry of crossed supermirror polarisers.The treatment 
of the experimental data is still in progress. 
At PF2 the EDM measurement has now nearly been terminated. Detailed studies of systematic effects mainly due 
to the magnetic field were carried out The experiment will give an accuracy on the EDM of the order of I 0 2• ecm. 
A new experiment to observe the neutron quantum states in the gravitational field was performed at the PF2 
ultra-cold neutron beam. For this measurement a neutron detector with very high spatial resolution was developed 
with the aim of detecting directly the neutron density distribution.This method has the advantage of a better statis­
tical sensitivity and a smaller systematic error since the effect of the scatterer/absorber 

does not influence the neutron wave-function. At the PF2/MAM neutron beam a A rte'N {X'.IJ{,rur,..ew- to- alserve tlte, 
new measurement of the neutron life-time was earned out during 2004. ! . 
The experimental setup consisted of a gravitational trap for UCN which allows the rte~ rf.At,f,}'1;(_7,,{W\, Jt//Cf-{,S i)'l.. tfte, 
measurement of the UCN energy spectrum after the ne_utrons are stored in the NfVl;tt:tt/)]11.J{l +t,t{d 'NvtJ 
trap.The new value obtained for the neutron life-time 1s 1n good agreement with J '.; _ 
the prediction of the Standard Model. perfrrrw..ed //C't V'tl PF2 vtltr//C-caU 

rte~ &-e//CM 
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Quantum falling in the 
gravitational field 
If the energy of a massive object is well defined and the domain of its motion 
is restricted by a confining potential, then it should be held in bound 
quantum states - with well pronounced variation of the probability density to 
observe this object in different spatial points. Some time ago we showed for 
the first time that neutron quantum states in the gravitational potential can be 
observed. Now we were able for the first time to directly measure the standing 
wave of the neutron density in the gravitational field above a horizontal mirror. 
This was done by developing a position-sensitive neutron detector of 
extra-high spatial resolution. 

sity in the Earth's gravitational fie ld using 

such a detector. Figure 1 illustrates the cor­

respond ing experiment with neutrons. 

Neutrons move classical ly along the hor­

izontal direction and quantum-mechan­

ically along the vertical direction. The first 

slit between the mirror 1 and the scatterer 

is wide enough to transmit the lowest 

quantum state with small losses while it 

is narrow enough to suppress considerably 

the higher quantum states. A measure­

ment of the spatial density variation at the 

first slit exit would not be very spectacu­

lar as the lowest quantum state wave­

function is too smooth and broad (see 

figure 2). This is why we use the mirror 2 

at a height of 21 µm lower than that of 

the mirror 1 [3]. In such a configuration 

there are no neutrons populating the low­

est quantum state above the mirror 2. The 
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K.V. Protasov (LPSC, Grenoble) 

A.Yu. Voronin 
(Lebedev lnst,tute, Moscow) 

population of the lowest quantum sta te 

above the mirror 1 is transmitted prefer­

ably to the 3'0 quantum state above the 

mirror 2. Admixtu res of other states ca n 

be calcu lated precisely in a model-inde­

pendent way giving the blue curve in fig­

ure 3 [4]. Figure 4 shows the result in an 

artist's view. It shows an apple moving in 

the gravitational field. Its energy is well 

defined at its height before starting to 

fa ll down. Its domain of motion is restricted 

from above by the gravitational fie ld. In 

principle, one could therefore expect to 

observe a manifestation of its quantum 

motion. If one would be able to introduce 

at the bottom a kind of mirror for such an 

apple, then it would be settled in bound 

quantum states because the mirror 

together with the gravitational field pro­

vides a potential well. One can notice in 

Quantum states of neutrons 

in the gravitational field [1] were recently 

observed in the neutron transmission 

measurement through a horizontal slit 

between a mirror and an absorber/scatterer 

[2]. The most convincing "signature" for 

this observation consisted in an abrupt 

change in the neutron transmission at a 

slit size approximately equal to the "height" 

of the lowest quantum state of~ 15 µm. 

We call this approach the "integral" 

method for measuring the neutron den­

sity distribution in quantum states above 

a mirror. A position-sensitive detector with 

a spatial resolu tion of~ 1 µm could allow 

us to measure such a density distribu­

tion, directly using the so-called "differ­

ential" method. This one has the advan­

tage of much better statistical sensitivity. 

Additionally, it introduces smaller system­

atic errors because the influence of the 

absorber/scatterer to the neutron wave­

functions does not need to be taken into 

account any longer. In our first experi­

ment, a neutron detector with such an 

extra-high spatial resolution was not avail­

able and therefore we had to develop it [3] . 

We report here the first measurement of 

the spatial variation of the neutron den-
Figure I : General scheme of the experiment: 1,2 - mirrors. 3 - scatterer; 4 - position-sen­
sitive neutron detector. Arrows indicate the neutron beam. 
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However, the consider­

able variation of the 

neutron density and 

very high spatial reso­

lution of the neutron 

detector allow us to 

clearly identify the phe­

nomenon and to esti­

mate relatively well the 

parameters of the 
Figure 2: Probability density distribution for 4 lowest quantum 
states. 

figure 2 that all quantum states, except 

the first one, show similar behaviour at 

small height and therefore contribute 

"coherently" to the variations of the neu­

tron density. The green curve in figure 3 cor­

responds to the best fit of the experimen­

tal results using a set of precise wave­

functions with free values for the quantum 

states populations; the interference between 

the quantum states is neglected. The dif­

ference between the blue curve and the 

experimental data is probably due to the 

finite (but nevertheless extremely high!) 

efficiency of the scatterer and the finite pre­

cision in the adjustment of the optical ele­

ments of the installation. However, evi­

dently, the theoretica l curves reproduce 

well the essential features of the meas­

ured experimental results. In particular, one 

should note a pronounced narrow lowest 

peak, an indication to the second peak and 

well pronounced third broad peak. The 

decrease of the neutron intensity at large 

heights corresponds well to the known 

asymptotical shape of the Airy-function 

responsible for the neutron wave function. 

Distances between the peaks correspond to 

the expected values. The background level 

is negligible. One should note that an exper­

iment of such a type is statistically limited, 

thus the presented picture corresponds to 

quantum states. Treat­

ment of more experimental data is in 

progress. More experiments are planned 

in the near future. 

The observation of neutron states, besides 

the fundamental importance of as the 

first experimental manifestation of quan­

tum states of matter in a gravitational field, 

provides also a valuable tool for many other 

studies. For example, it can be used to 

search for additional fundamental short­

range forces [SL to study the quantum-

6. 
E 
0.0 ·o:; 

I 

10 20 30 

Figure 4: "Quantum apple": an illustration 
for the quantum motion of an object 1n the 
gravitational field. 

mechanical localisation [6] or surface poten­

tials. It also could serve as a unique method 

to measure long-term interaction of a wave 

with rough and mirror surfaces. 

40 50 60 

Number of counts 

Figure 3: The neutron density distnbution in the gr-av1tational field is measured using a posit1on-sens1-
t1ve neutron detector of extra-high spatial resolution. The red circles 1nd1cate the experimental results. 
The blue solid curve con-esponds to the theoretical expectation under the assumption that all distances 
are installed precisely. the scatterer 1s ideally efficient and there are no trans1t1ons between the quantum 
states; the inte1ierence between the quantum states 1s neglected. The green curve corresponds to the 
best fit using precise wave-functions and free values for the quantum states populations. 
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Measurement of the 
neutron lifetime using 
a gravitational trap and 
a low-temperature 
Fomblin coating 
We present a new value for the neutron lifetime of 878.5 ± 0.7,,.L ± 0.3,,,, 
This result differs from the world average value (885.7 ± 0.8 s) by 6.5 
standard deviations and by 5.6 standard deviations from the previous most 
precise result [I] . However. this new value for the neutron lifetime together 
with a /3-asymmetry in neutron decay, A,. of -0. I 189(7) [2] is in a good 
agreement with the Standard Model. 

A. Serebrov, V. Varlamov, 
A. Kharitonov and A. Fomin 
(PNPI. Gotchino) 

Yu . Pokotilovski (JINR, Dubno) 

P. Geltenbort (ILL} 

The resu lts of measurements of the UCN 

storage time for different energy intervals 

and for different traps (wide and narrow) 

are presented in figure 2 as a function of 

effective frequency of collisions r The 

extrapolation of all data to the neutron life­

time gives a value of 877.60 ± 0.65 s with 

a x' of 0.95. 

The present measurements 
were carried out at the high flux reactor 

at the ILL using the PF2/MAM instrument. 

The experimental set-up is sketched in 

figure 1. It is a gravitationa l trap for UCN 

and at the same time it can be used as a 

differential gravitational spectrometer. 

Therefore, the distinguishing feature of 

this experiment is the ability to measure 

the UCN energy spectrum after its stor­

age in the trap. 

The UCN storage time r,, is calcu lated 

from the measurements of the number of 

neutrons remaining in the trap after 

different holding times: r,. = (t,-

For the size extrapolation method we have 

to connect the va lues for the different 

traps for the same UCN energy interval, 

and then to calculate the average value of 

all determinations of the neutron lifet ime. 

The UCN storage trap 7 is mounted inside 

a cryostat vacuum vessel 2. The trap 7 

has a window that can be rotated about 

a horizontal axis so that UCN are held in 

the trap by gravity when the trap window 

is in its upper position. 

The neutron li fetime is measured with the 

size extrapolation method using two sizes 

of UCN trap. The total probability of UCN 

losses r,; 1 is broken up into two parts: the 

first part is the probability of neutron beta­

decay r ,-1and the second one is the prob­

ability of UCN losses r.:'. : r; 1 = r: 1 + r~ . 

eighty-four I eighty-five 

t,)/ Ln(N,I NJ, where N,and N1are the 

numbers of neutrons rema ining in 

the trap after holding times t , and 

t, respectively. 

As the UCN are held by the trap 

material then r.;,_; conta ins the prob­

ability of losses at the trap walls: r.:. 
1 = rn{EJ, where # l is the effective fre­

quency of coll isions, which depends 

on the UCN energy and the trap size. 

The neutron lifetime value can be 

obtained by a linear extrapolation 

of r,:1 to zero value of y. 

In the experiment, we have used a 

new type of wall coating, a low­

temperature Fombl in (LTF) that can 

be evaporated onto the surface in 

vacuum. This perfluorina ted oil has a 

composition contain ing only C. 0 

and Fand thus a low neutron capture 

cross section. 

2 

3 
4 

6 

5 

Figure I : The Scheme of"Gravitrap", the gravrtat1onal 
UCN storage system. I : UCN storage trap; 2:"high" 
vacuum volume; 3: "rough" vacuum volume; 4: neu­
tron guide from UCN Turbine; 5: UCN detector; 6: 
vacuum pumps. 



The average value of the neutron li fetime 

from the size extrapolation method is 

878.07 ± 0.73 s. To both estimate the 

accuracy of and to check the rel iability of 

the size extrapolation method using the 

ca lculated y- function, we have used a 

Monte Carlo (MC) simulation of the exper­

iment. 

In the present experiment the storage 

time is very close to the neutron lifetime. 

The difference between the best-measured 

storage time and the neutron lifetime is 

about 5 s only. This gives confidence in the 

reliabil ity of the result obtained. The new 

result for the neutron lifetime (878.5 ± 

0.8 s) can be used for the unitarity test of 

Cabibbo-Kobayashi -Maskawa (CKM) 

matrix. Figure 3 shows a plot of V,,, ver­

sus -GJGv from [3] with the new result 

for the neutron lifetime. The authors of 

work [3] favour result A0 = - 0.1189(7) [2] 

for /3-asymmetry in comparison with the 

world average va lue A0= - 0.1173(1 3). (In 

earl ier experiments the large corrections 

had to be made for neutron polarisation, 

electron magnetic mirror effects and back­

ground, which were all in the 150/o to 300/o 

range). We fol low recommendations of 

work [3] but the G.f Gv-value from the 

world average value A0 is shown in figure 

3 also. 

The new lifetime result is different from 

the world average value (885.7 ± 0.8 s) by 

6.5 standard deviations, and by 5.6 stan­

dard deviations from the previous most 

precise result [1]. However, the new result 

for the neutron lifetime together with the 

current value for the /3-asymmetry in neu­

tron decay (A0 = - 0.1189(7) [2]) is in a good 

agreement with the Standard Model. 
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Figure 2: Result of extrapolation to the neutron li fetime using joint ene1·gy and the size extrap­

olation method. Measurements made with a spherical (open circles) and cylindrical (filled ci1·­

cles) traps. 
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Temperature dependence 
of ultracold neutrons 
loss rate 
Ultracold neutrons (UCN) are playing an increasingly important role in 
experiments studying the fundamental properties of the neutron as they can 
be stored and hence observed for long times (several hundreds of seconds). 
This can lead to a significant increase in accuracy compared to experiments 
where cold or thermal neutrons are used. However, in storage type 
experiments, the UCN upscattering to the meV range due to wall interaction, 
which is the main cause of UCN losses over a wide temperature range, has to 
be well understood.To study the low-temperature dependence of UCN losses 
and to find a quantitative model based on available data in surface and solid 
state physics, a dedicated ultra-high vacuum cryostat has been developed. 
UCN loss rates can be studied in a well controlled environment over a wide 
temperature range. In this report the results of our first experiment are 
summarised. 

The so-called "UCN anomaly", i.e. the 

discrepancy between measured ultracold neu­

tron loss rates and those theoretically pre­

dicted for pure materials has been the sub­

ject of study for over 30 years. Such investi­

gations are of great interest and necessary for 

fundamental particle physics experiments 

with UCN, where their trapping due to the 

nuclear Fermi-potential and production at 

low temperatures is involved (e.g. the life time 

of the free neutron, its electric dipole moment) 

as well as for certain solid state physics exper­

iments. Nevertheless the available data about 

the upscattering of UCN to the meV range, 

which is the main cause of UCN losses in 

storage experiments, are contradictory and 

rather poor especially at low temperatures. 

UCN losses were intensively studied experi­

mentally at room temperature in the 1970's-

80's but no theoretical model explaining the 

available UCN upscattering data could be 

established as yet The only well -established 

fact is that UCN losses are caused by hydro­

gen contamination in the surface layer. Regret-

eighty-six I eighty-seven 

tably, there has not been a rigorous theoret­

ical studyofUCN upscattering in the past The 

earlier theoretical works were trying to describe 

experiments at the level of loss probabilities 

of 10"' -10"' per collision, while in modern 

experiments loss probabilities down to 10-s_ 

10 6 per UCN bounce on the surface are 

achieved. 

The low-temperature behaviour of the upscat­

tering loss rate is crucial for distinguishing 

between different models. However, it is rather 

difficult to study experimentally because sta­

ble and well controlled surface conditions 

have to be provided over a wide temperature 

range. In 2001 a dedicated ultra high vacuum 

cryostat has been commissioned at one of the 

beam positions of the ultracold neutron facil­

ity PF2. 

Copper was chosen as a first sample for sur­

face investigations because this material is 

well studied not only in UCN storage at room 

temperature but also in surface physics and 

in neutron scattering. In our specially designed 

set-up in addition to a high efficiency oil-free 

E. Korobkina and R. Golub 
(HMI Berlin) 

J. Butterworth and P. Geltenbort 
(ILL) 

S. Arzumanov 
(Kurchatav Institute, Moscow} 

pumping system large area cryopumping 

surfaces at both 77K and 4K were used to 

avoid the cryo-adsorption on the surface of 

the sample. Under those experimental con­

ditions no temperature hysteresis in the UCN 

loss rate was measured. Comparison of the 

data at 300K before and after heating to 

450K showed that cleaning and oxidation 

treatment made the surface of the sample 

hydrophobic. Therefore, the measured data can 

be explained by inelastic scattering of UCN by 

Hydrogen atoms which are chemically bound 

to atoms of the Copper surface but not to any 

physisorbed contaminations. Next, questions 

such as which atoms were responsible for the 

observed upscattering and why this upscat-

Peter Geltenbort and Thomas Brenner 
on PF2. 

tering becomes "frozen" only wel l below 77K 

were addressed. For this reason the chemical 

content and the profile of the surfaces of the 

Copper samples were studied using elastic 

recoil detection analysis at the Ion Beam Lab­

oratory [4] of the Hahn-Meitner-Institute, 

Berlin, after the UCN measurements done at 

the ILL It turned out that the Hydrogen con­

tent in the bulk of Copper (deeper than 2 µm 

from surface) was 0.10/o compared to 80/o in 



the surface layer (7.2 10" at/cm', 100A) ; the 

rest was Cu (550/o), C(lCJl/o), and 0(250/o). For 

such a quan ti ty of Hydrogen two different 

models of the Hydrogen distribution in the sur­

face layer can be considered. One is a homo­

geneous dilute solution, while the second is 

a hydrogenated film or clusters. In both cases 

the shape of the temperature dependence 

arises from the temperature behaviour of the 

inelastic upscattering cross section, while the 

actual loss ra te depends also on the ratio 

between the Fermi potential of the layer, VF and 

the neutron energy, E,.o, For the homogeneous 

dilute solution VF > Eu:,, holds. The neutrons 

I I I 
3.0 -

cross section which follows the 1/v law. For 

the same Hydrogen concentration the two 

models differ significantly in the predicted loss 

rate and its dependence on the neutron 

energy. These calculations are in good agree­

ment with prompt (n;'fi studies of UCN [2]. This 

experiment yielded an estimate for the inelas­

tic upscattering cross section at room tem­

perature of cr.{300K) == Sb (for 25 meV neu­

trons). 

The information about the atomic surface 

density allowed to rule out reliably the model 

of subbarrier interaction where the loss ra te 

is negligible. In turn, the analysis of the low 
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Figure I: UCN loss probabi lity per collision: purple - calculated with the upscattering cross 
section of ice: green - derived from experiment using the film model. 

are then total ly reflected and their losses are 

due to the quantum effect of subbarrier (neu­

tron energy is below the potential barrier pro­

duced by the bu lk material) penetration. For 

the hydrogenated film or clusters one has V, 

< EWJ, because of the negative neutron scat­

tering length of Hydrogen atoms which are 

more local ised in this model. The losses can 

then be ca lculated using the upscattering 

temperature shape of the temperature 

dependence of the loss rate and its compar­

ison with (n,)1 data at 300 K have led to the 

conclusion that the UCN are not being scat­

tered by a H-Cu compound. The only way to 

explain the experimental data is to assume that 

Hydrogen is bound to a light mass in a mol­

ecule with a strong low energy vibration peak 

with E::; 8 meV. Oscillation frequencies below 

10 meVare rather unusual for metal hydrides 

but typical for intermolecular vibrations of mol­

ecu les weakly bound to a crysta l. A literature 

search of phonon spectra for different Hydro­

gen compounds revealed that ordinary ice has 

a remarkably strong translational branch with 

a low energy peak at 7 meV. Such a molecule 

is light, has a negative Fermi potential, is com­

monly present on surfaces and tends to adsorb 

preferably in the form of clusters. Calculations 

of the UCN upscattering cross section using 

the phonon spectrum of ordinary ice and the 

loss probabil ity in the fi lm model, are in very 

good agreement with the experimental data 

as shown in figure 1 [1]. 

Thus, the presence of ice clusters embedded 

into the surface oxide layer could explain rea­

sonably well both the shape of the temper­

ature dependence and the absolute value of 

the loss rate. A similar behaviour was observed 

for UCN absorption in stainless steel samples 

where about 10/oofTitanium gave rise to the 

same loss rate as SCJJ/o of Iron due to the 

presence ofTi-C clusters on the surface with 

V, < ~ [2]. At present, the subbarrier model 

of UCN upscattering is only consistent with 

the experimentally determined loss rate for 

vapour deposited heavy water ice [3]. For 

metals, however, the film or cluster model 

describes much better the experimental results. 

Finally, at low temperatures the loss rate is also 

extremely sensitive to the lowest frequen­

cies of Hydrogen oscillations, which are com­

mon, for instance, in ice and glassy states of 

amorphous materials. Therefore, the upscat­

tering of neutrons will dominate the losses 

even below liquid nitrogen temperatures 

{77K). While being so troublesome for UCN 

storage for so many years, these losses open 

a challenging opportunity to use UCN to 

study ultra-low energy excitations in surface 

nanolayers. 
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In parallel with instrument developments at the ILL, modell ing and theory continue to progress, helping t o analyse 

and understand in more detail the ever more precise data obtained on our instruments. The scope of modelling 

activities depends significantly on the performance of computational codes and the hardware on which they run. 

ILL currently has two I6-processor clusters and with the many Linux machines on instruments and elsewhere in 

the lnstitut, considerable computational power is available to our scientists and visitors. On the theory side, signifi­

cant advances based, for example, on advances in statistical mechanics, are leading to more reliable models. 
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The three papers in this section illustrate the progress being made in mod­

elling and theory and also t he benefit of combining these research meth­

ods with experiment. In particular, the articles of Poehlmann and Bichara 

describe work based on ab initio molecular dynamics simulations on model 

amorphous and liquid systems of hundreds of atoms running up to nearly 

50 ps. In this work, neutmn diffraction measurements of the static structure 

factor serve to validate the simulations which are then investigated in atom­

istic detail in order to extract structural detai ls.The scale of such ab initio calculations is increasing to the point t hat 

the investigation of base-pair opening in DNA, treated theoret ically here, w il l soon be tackled by these computa­

t ional methods, constituting a topical example o f a combined approach to research by experiment, modelling and 

theory 

The work presented by M.Poehlmann et al., concerns the role of wateI· in silicates. Such is the ubiquitous nature of 

silicates that the states of dissolved wateI· revealed by simulations and experiment are relevant to fields as dive1·se 

as semiconductors and volcanism. The presence of water gives rise to electronic 

states in the band gap, enhancing electronic conductivity, and possible mechanisms 

for proton conduction, which w ill be the subject of future exper iments w hen 

appropriate condit ions of high temperature and pressure can be achieved on our 

instruments. A simi lar computational approach is employed by Bichara and John­

son to study liquid germanium telluride over the tempe1·ature range in which vol­

ume cont1·action on heating gives rise to a maximum density Technological appli­

cations of these materials, for example in phase change recording devices, requi1·e 

the interplay between electmnic and atomic structure and the resuh:ing densrty anom­

alies to be understood. 
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Bicout and Kats from the ILL theory group have looked at t he dynamics of base pair opening in double stranded 

D N A.The fundamental biological processes, such as replication and transcription, require that t he highly stable dou­

ble helical structure of DNA must locally open to expose the bases. Recent experimental studies conducted by the 

group of A. Libchaber have attempted to interrogate the significance and properties of such bubble states with a 

special fluorescence correlation spectroscopy technique.The authors propose and investigate a model which char­

acterises some physical features of base pair opening.When pmperly interpreted and treated the model yields quite 

reasonable values for a variety of measured quantities such as bubble survival probability life time and characteris­

tic size distribution. 



modelling & theory 

From explosive volcanism 
to semiconductors: 
structural and dynamical 
properties of hydrous 
silica(tes) 
The presence of water drastically alters the physical properties of silica and 
silicates. For example, the decrease in viscosity plays a decisive role in explosive 
volcanic eruptions [I]. Water is also used to passivate defects in Si02 in semi­
conductor devices [2]. In silicates, water can dissolve to form SiOH groups but 
molecular water may also be present. To date the water-induced microscopic 
mechanisms leading to the modification of the macroscopic properties of 
silicates, like viscosity and electric conductivity, are not well understood. 
We have combined first-principles molecular dynamics computer simulations 
with neutron scattering techniques in order to understand the influence of 
water on mass transport in silica(tes) as well as their electronic properties. 

It is well known that, due to the 

different scattering lengths of hydrogen 

and its isotope deuterium, neutron scatter­

ing is one of the most suitable experimen­

tal techniques for investigating water con­

taining systems. Structural and dynamical 

properties like the static structure factor S(q) 

and the vibrational density of states are 

accessible with this experimental probe. 

On the other hand, exactly these quantities 

can be extracted from molecular dynam­

ics computer simulations. Classical molec­

ular dynamics are not able to give a real­

istic description of hydrous silicate sys­

tems since reliable potentials for water and 

the dissolution products OH and H,O· do 

not exist. Therefore, a quantum-mechani­

cal treatment of the electrons, as in the Car­

Parrinello method, must be used. Since this 

type of ab initio calculation is computation­

ally demanding (CPU time as well as mem­

ory), we have used parallel supercomput­

ers extensively. Our calculations were per-

ninety I ninety-one 

formed using the "CPMD" code, developed 

by Prof. Parrinello's group [3]. 

Exploring mechanisms associated with 

explosive volcanism requires a clear under­

standing of the liquid state. Considerable 

progress was made recently for sodium 

silicate systems [4]. also by combining 

molecular dynamics computer simulations 

and neutron scattering. Due to the chem­

ical similarity of the systems ( 1-x)SiO, +xH,O 

and (1-x)SiO,+xNa,O (0 ~ x ~ 1). it can be 

assumed that both systems have similar 

mechanisms for mass transport. However, 

hydrous silicates are much more challeng­

ing to investigate: 

Experiments are currently limited to 

the glassy state. Pressures of several kbar 

and temperatures in excess of 1000 K are 

required to bring water-silicate mixtures into 

equilibrium. Since such pressure equip­

ment is not currently available on neutron 

scattering instruments, experimental data 

M. Pohlmann {ILL, TU Munich 

and University of Mon tpell,er II) 

H. Schober, G. Cuello, T. Hansen 
and M. Johnson (ILL) 

A. Meyer and A. Muller (TU Munich) 

M. Benoit and W. Kob 
(University of Montpell,er II) 

can only be obtained below temperatures 

where water is released from the silicate. 

Simulations are in principle limited to the 

liquid state. Today's computer power puts 

clear limits on the ab /nitioequi libration of 

viscous liquids. For a system size of about 

one hundred atoms, the time limit is some 

tens of pico-seconds (these are six orders 

of magnitude less than in the classical 

approach used for sodium silicates). The 

lowest temperature at which equilibration 

can be achieved is 3000 K. Information on 

the glass can only be obtained from sam­

ples based on ultra-rapid quenches. 

The set-up and the main results of the 

CPMD simulation for the liquid state of a 

system with the composition 

Si01 + 11.BmolO/oH,O were recently described 

in references (5,6]. Also structural infor­

mation on quenched samples has been 

obtained from experiments [7]. Figure 1 

shows a snapshot of the computer simu­

lation of hydrous silica at a temperature of 

3500 K. 

Apparently all hydrogen atoms are attached 

to the silica matrix in the form of SiOH 

groups. It can be seen that the structure of 

the hydrous liquid exhibits other states 

whose appearance is not a priori evident. 

In particular SiO dangling bonds high­

lighted in yellow and oxygen tri-clusters 

(highlighted in blue) are present. The con­

tribution of these defects to the diffusion 

process of hydrogen was also revealed in 

reference [6]. 

It is remarkable that even at temperatures 

of 3500 Kand 3000 K the silica tetrahedral 



network is preserved. Also during an ultra­

fast quench, with a quench rate of the 

order of 10 ' K/s, the tetrahedral network is 

not destroyed (in agreement with other 

studies [8]) and hence the structure at 

ambient temperature obtained from the 

computer simulation should be realistic. 

Indeed this can be demonstrated for the 

neutron scattering structure factor. Figure 

2 shows the simulated neutron scattering 

structure factor for dry and hydrous silica 

at ambient temperature, compared with 

the same quantity recorded on 020. 

Generally the experimental and simulated 

curves are in rather good agreement. Devi­

ations occur only for very low q and 

between 9 A' and 12 A'. At low q the devi­

ations from the simulation to the experi­

ment can be ascribed to the rapid cooling 

rate in the simulation. The deviations 

between 9 A· and 12 A' most probably arise 

from the corrections made to the experi­

mental data. Experiment and simulation 

therefore clearly demonstrate that water 

does not significantly affect the silica tetra­

hedral network. Comparison with studies of 

sodium silicates, shows that the influence 

of sodium oxide on the structure of silica 

is much greater than the influence of water. 

This effect is predominantly related to the 

different sizes of the hydrogen and the 

sodium atom [6]. 

The neutron scattering structure factor S(q) 

is one of the few ways to calibrate simu­

lation with experiments and thereafter 

microscopic information can be extracted 

with greater confidence from the simula-

tion. Due to the ab initio character of the 

simulations, they are able to reveal electronic 

features of the system [9]. In particular our 

simulations were able to confirm predictions 

made many years ago on states in the elec­

tronic band gap that lead to electronic con­

ductivity [10] and may be responsible for the 

breakdown of semiconductor devices. Pro­

ton conductivity, associated with the dif­

ferent states of hydrogen in the silicate 

network, remains to be investigated by 

quasi-elastic neutron scattering. Finally 

this work demonstrates that the combina­

tion of neutron scattering and ob initio 

molecular dynamics simulations allow prob­

lems to be investigated in detail, which are 

relevant to the semiconductor industry 

and other fields where silica and silicates 

are important. 
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Figure I : Snapshot of S10_ + I 1.8mo1%H Oat 3500 K. 
Silicon (green spheres), oxygen (r--ed spheres). and hydro­
gen (whrte spheres) and the defect states, S10 dangling 
bonds (yellow spheres) and O bridging hydroxyl groups 
(blue spheres). 
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Figure 2: Neutron scattering structure factor of pure and 
hydrous silica at 300 K as obtained from the experiment (bold 
lines) and the simulation (thin lines). 
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Why some liquids contract 
on heating - an ab initio 
molecular dynamics study 
of Germanium Tellurides 
Between 600 and 750 K and in a 20% composition range (0.0<x<0.20) 
Ge,Te 11 _,1 alloys undergo a strong but continuous and reversible structural 
change. As in the case of water, the liquid contracts upon heating.This volume 
contraction is maximal (about 8%) at the eutectic (x = 0.15) composition, the 
maximum density reaching 0.0289 atoms/A '. Other thermodynamic properties 
such as the specific heat and the compressibility display sharp but finite maxima 
[I] and the electrical conductivity of the liquid gains one order of magnitude 
in less than I 00K [2]. Structural changes were probed in X-Ray and neutron 
scattering measurements [3.4], showing a decrease of the second peak of the 
measured total structure factor upon heating. The real space analysis shows a 
gradual increase of the number of first neighbours, but, since partial structure 
factors were not measured, an atomistic picture of the structural changes was 
not obtained. In th is context, ab initio molecular dynamics simulations have 
been performed. 

Concerning the structural used for optical reversible data storage [5] . 

changes in GeJe1,_,1 alloys, a number of Another possibility would be to relate the 

issues are still unresolved. The contribu- structural change to the a <=> ~ second 

tions of Ge and Te atoms to the structural order transition that takes place in the 

change have to be separated and the nature solid compound at about 700 K. A simi-

and driving force for the structural change lar behaviour is observed in pure under-

have to be elucidated. At least two mech- cooled liquid Tellurium. Both have been 

anisms should be considered. Although 

no sp' -bonded stable GeTe2 compound 

exists in the phase diagram, a metastable 

state could exist, analogous to the GeSe2 

compou nd in the parent GeSe system. In 

the low temperature liquid, Ge wou ld be 

sp3 bonded and the observed structural 

change would then correspond to a change 

interpreted in terms of a Peierls distortion 

mechanism that stabilises a distorted phase 

of alternating short and long bonds at low 

temperature. In this second case, the role 

of Ge atoms, that seem to maximise the 

effect at the eutectic composition, must be 

understood. 

of the coordination state of Ge from sp' to In order to shed light on these issues we 

p, with an increase of its coordination 

number from 4 to 6. Such a mechanism has 

recently been suggested to explain the 

structural differences between amorphous 

and crystalline Ge2Sb2Te5 films that are 

ninety-two I ninety-three 

have performed first principles Molecular 

Dynamics simu lations of the time evolu­

tion of a small model system with a mini­

mal number of assumptions. The temper­

ature and density of the system of 56 or 

C. Bichara (CNRS, Marseille} 

M. Johnson (ILL) 

112 atoms with a atomic composition 

corresponding to GeTe6 are fixed follow­

ing the experimental values (633 K -

0.0277 A-3; 673 K - 0.0282 A-3; 733 K -

0.0288 A-3; 943 K - 0.0285 A-']. Earlier sim­

ulations [6] were not conclusive because 

poor statistics did not allow a clear cut dis­

tinction to be made between sp3 or p 

bonding for Ge. Using the VASP code [7] 

we were able to improve the quality of the 

results by performing longer runs (up to 

36 picoseconds] and using a more accu­

rate description of the electronic structure. 

Comparing the calculated total structure 

factors with the experimental ones given 

in [4] shows that the general trends are cor­

rect (figure 2]. In particular the intensity of 

the second peak decreases when the tem­

perature is raised. The analysis of the par­

tial contributions reveals that this change 

is essentially due to the Ge Te partial struc­

ture factor. Because of the low Ge content 

the GeGe contribution to the total struc­

ture factor is less than 40/o and can be 

neglected. The question is therefore to 

understand in which way the local envi­

ronment of Ge is modified. The bond angle 

distribution of the six first neighbours of 

Figure I : An instant aneous configuration 
of I 12 atoms at 633 K and a density of 
0.0277 atoms/A' (Ge = dark blue, Te = 
turquoise). 
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Figure 2: Experimental (left panel) and calculated (nght) total struaure factors. 

each atom are well defi ned and peaked 

below 100 degrees and, more importantly, 

there is no change with temperature, apart 

from the usual thermal damping (see fig­

ure 3, left). Ge and Te clearly remain p-
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bonded so the first mechanism, involving 

a sp3-bonded, metastable state, can be 

ruled out. 

Further information is obtained from the 

temperature dependence of the character-
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Figure 3: Left panel : Bond angle d1stnbut1on around Ge atoms. Right panel : Black curves 
show the nearest neighbour distances around Ge atoms which increase or 1·ema1n constant 
with 1nc1·eas1ng temperature . At bigger inter-atomic separation, these distances decrease 
(red curves).The blue curves show distances to atoms beyond the first neighbour shel l. 

istic distances of atomic shells. Histograms 

of first, second etc. neighbour distances are 

ca lculated and the average (fi rst moments) 

of these histograms are plotted as a func­

tion of the temperature. Figure 3 (right) 

shows tha t between 633 Kand 733 K, in 

the temperature range in wh ich the aver­

age atomic volume contracts, the 3 (or 4) 

shorter bonds around Ge slightly increase 

or remain constant. The volume contrac­

tion affects mainly the longer distances. 

Such a behaviour is commonly observed in 

the high pressure phases of crysta lline p­

bonded materials such as pure Se and Te, 

the structure of wh ich results from a Peierls 

distortion of a simple cubic structure [8] . 

At low temperature, because of the sym­

metry breaking mechanism ana logous to 

the Peierls distortion in a solid that stabi lises 

the energy, Ge atoms occupy an off-cen­

tre position inside the octahedral cage 

formed by its six Te neighbours (no short 

GeGe bonds were observed). At higher 

temperature, en tropy favors a centred, 

average position for Ge atoms and this 

more symmetric situation leads to an over­

all reduction of the atomic volume, before 

thermal expansion and chemica l disorder­

ing wash out these correlations at even 

higher temperatures. 

At the present stage of our investigations 

we can conclude that the driving force for 

the structural changes in Ge Te, lies in this 

Peierls- like mechan ism acting in the low 

temperature liquid but not at higher tem­

perature due to the entropy gain in a more 

symmetric local environment. Further work 

will be devoted to the analysis of the elec­

tron ic structure and to try and understand 

why the structural change is most pro­

nounced at the eutectic composition. 



modelling & theory 

Bubble relaxation dynamics 
in double-stranded DNA 
The paper deals with the two-state (opening-closing of base pairs) model 
used to describe the fluctuation dynamics of a single bubble formation. 
We present an exact solution for the discrete and finite size version 
of the model that includes end effects and derive analytic expressions 
of the correlation function, survival probability and lifetimes for the bubble 
relaxation dynamics. 

The characteristic dynamics of these local 

denaturation zones (bubbles) in the struc­

ture of a ds DNA have been recently probed 

through fluorescence correlation spec­

troscopy (6, 7] This is an essential issue not 

only for physiological processes involving 

ds DNA but also for providing insights on 

the general nature of fluctuations in such 

systems. From a theoretical modelling 

perspective, however, we have just begun 

to understand these experimental results. 

We denote by bJt) the probability density 

of bubbles of size n (0 ~ n ~ N+ 1) of open 

pairs at time tin the system. Assuming that 

all conformations of the ds DNA can be 

described as two states (closed or open). 

the fluctuations dynamics in the number 

n of open base-pairs in the bubble is 

described by the master equation, 

on0:· )=rrr() 

~ 
k ] [ k. 

D. J. Bicout and E. Kats {ILL} 

~ = k.b,, , + k_b,,., - (k,+ k )b. 

where, in addition to the rates k± in [7], 

we have explicitly introduced the opening 

and the closing rates k, and k2, respectively, 

for opening the first (n=0) and closing the 

last (n=N+ 1) pairs since two ends of the 

DNA helix are sealed (see figure 1 ). 

The quantity of interest is the correlation 

function CJd which describes fluctuations 

in the bubble population at equi­

librium. CJd is measured by flu-

Upon heating, a double stranded 

DNA (ds DNA) undergoes a denaturation 

process with the formation of bubbles of 

increasing size and number and, eventu ­

ally, leading to the separation of the two 

strands [1]. On the other hand, many of 

DNA biological activities require the unzip­

ping of the two strands by breaking hydro­

gen bonds between base pairs. Such open 

regions of complex DNA, enclosing up to 

10-30 broken base pairs, represent a first 

step of the transcription processes and 

are called the transcription bubbles. Sev­

eral theoretical models have been pro­

posed to describe the phenomenon of 

bubble formation (for a review see e.g., [2]). 

However, the issue remains unsettled with 

various, and even contradictory, results 

reported in the literature. This is indicative 

of the complexity of the problem which 

involves number of factors (e.g., base pair 

sequences, molecular environment, coun­

terions, and so on) that can influence the 

denaturation process in various ways (see 

e.g., (3 -5]). In addition, as an one or quasi­

one dimensional system, the ds DNA is 

expected to be very sensitive to thermal 

fl uctuations. Therefore, it seems appropri­

ate in a first step to study the fluctuations 

of local breathing or unzipping of ads DNA 

that opens up bubbles of a few tens of base 

pairs. 

>8 :: > 
k, k. 

orescence correlation spec­

troscopy method [7] and can be 

related easily to the bubble sur­

vival probability BJd. Depend­

ing on the bubble size N and 

the parameter O= (k./k) = exp(­

E k8n, (Eis the bubble extension 

energy, and k/ is the thermal 

energy) the discreteness of the 

Closed = Bubble = Open 
k._ k, 

Figure I : Sketch illustrating the opening-closing bubble system is an ingredient which 
reaction kinet ics. might be taken into account to 

ninety-four I ninety-five 



1.0 

0.8 ,,_ 

-g 06 
.D 
e 
Q. 

~ 
0.4 

~ 0.2 :, 
Vl 

0.0 

-0.2 
10 10 ' 

E = 0.25 k,.T 
N= 18 

10 ' 10' 10' 

Rescaled lag time 

10' 
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capture the correct bubble dynamics. Th is 

is illustrated in figure 2 where exact survival 

probabi lity is compared with its N ➔ oo 

limit and the continuous model. Figure 3 

shows the departure in the bubble lifetime 

to the conti nuous limit as a function of 

bubble size. It clearly appears from figu res 

2 and 3 that the continuous lim it [7] 

becomes a fairly good approximation to 

exact resu lt for a" << 1 (where o s; 1 is the 

control parameter for the ds DNA melting). 

As a 5, 1 according to the experimenta l sit­

uation in [7]. the closing of bubbles is the 

fastest process in the bubbles kinetics. 

The parameter a also controls the denat­

uration transition. As a ➔ 1, there is a kind 

of "critica l slowing down" where the fl uc­

tuations of bubbles are described by an 

unbiased diffusion process. For instance, 

the bubble lifetime reduces to 
(N+1)(N+2) 

t N= 12k_ 
in the a ➔ 1 limit, and -rN diverges with 

the bubble size. 

It may be usefu l for practica l purposes to 

have an idea of numerical values of phys­

ica l parameters entering in the problem. 

In the absence of di rect measurement of 

k_, for instance, one can use the experimen­

tal data in [7] in conjunction with theo­

ret ical results to esti mate the closing ra te 

k_. The results of such an estimation are 

E/kJ 0.1 0.5 

Lifetime [µs) k.{'10" 5.·1) . I I t . . 

t ,, 95 G.300 0.0675 0.0263 

~,._:•_>: 9s i!:;: ,, 1.162 /> .o.o68o1ia. o:02i35 
r" ., .• /"~ -t- - _:•_,·-,: ,r-;·,,t ..... • .. ~•:,.1,a 

t 95 1.110 0.0550 0.0180 

Table I : Estimate of k using the express­
ions of the bubble lifetime in t he case of 
k, = k, = 0. In ref. [7] t he experiment al 
bubble lifetime is equal to 95 µs atT = 303K 
for N = 18. 

presented in table I. 

All our results are consistent wi th avail­

able data and amenable for further exper­

imental tests . 

Given the closing and opening rates of 

base pa ir, the model presented above 

allows to study a number of phenomena 

related to the denaturation mechanisms 

of DNA such as heating, chang ing buffer 

surrounding, or applying externa l torques 

of forces. 

Likewise, the model can easily be modified 

to include the intermediate states between 

bond and broken states (see details in our 

paper [8]) 
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N 

Figure 3: Reduced lifetime. as a function of 
bubble size , N (i.e .. the number of open 
pairs). Q uoted numbers represent the bub­
ble extension energy E lk,,T. 
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Leading techniques 

~he IN I I sample area. wth the cryostat, trie sarnple fie!Cl co1,s and the 
7t- flippe1: 

~,chael Koza, check! g the IN6 detector bank. 

Tr-e DI I te .. m (from trie le~: Rcilf Schwein~. Peter L tndner and Dav,d Bowyer) testing the new prototype s.irl"pte ch,inger 

ninety-six I ninety-seven 
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quite a special year for the Millennium Programme 

5'" ersary at the end of the year; the start of n 

methods. 

In this S!h year of the Millennium Programme another sizable part of e origi al set of projects was 

icularly important for the users was the completion of the new s all-angle detector for 22 and e 

first ba of polarising analysers for the diffuse scattering instrument orld of 

exotic ne ron-rich nuclei can now be explored much better thanks to the new detectors purchased in t he 

fram ork of the microball project. 

There was also major progress in the area of neutron delivery: two zircaloy beam tubes were manufactur 

which has already been installed at H9. And there was much activrty around the neutron guides, par­

t icularly H I /H , 

1 h., ·this \ H, 'jtt:tr ef -Hte, W ith tR first series of projects completed or close to completion • as very 

M Jk~ p ryyrt:t~ important at we were able to start 2 of the 8 new instrum projects decided 

t:tf11ltkr .SLZ.gf{e O ___,.._,. __ -k77SrTr;a-'.c;::;ommittees in autumn 2003: the n~bui ld of ( I) the ec-

(Ti"W/)1\Al Jtt ef \'!!)tcts V\lt:f,J t rometer of the t ime-of-flight instrument INS, which wi ll have a vacuum fl ight 

C/ fettd chamber and a much larger solid-angle detector bank. and (2) the backscat-

tenn ·nstrument IN 16B, which is set to incorporate many technologically chal-

lenging olutions. ---------
We were also delighted to learn wards the end of t he year that we have been gi -

~illennium Progra e even more in ns ly in 2005 and beyond. This w ill i 

~rking o il ennium projects. 
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The 5th anniversary of the 
ILL Millennium Programme 

Counci l. ILL-specific 

management tra ining 

was also initiated, wi th 

risk analysis playing a 

more important role in 

the new project plans. 

The users from the dif­

fraction commun ity 

continued to benefit 

considerably from the 

Millennium Programme. 

Following VIVALDI and 

W. Press (ILL} 

You only need to look around the OPT 

design office to realise just how many drafts­

men are working on all kinds of projects. 

Despite a slight increase in staff numbers, 

there were a number of bottlenecks in 2004 

and the three very compact and demand­

ing reactor cycles did not help the situation. 

Once again, in 2004 we can report on both 

the completion of some projects and the 

start of other new projects. There was greater 

involvement than in the past from the 

Instrument Subcommittee [with Dieter 

Richter as new chairman) in the preparation 

of new projects. And as usual there were 

intensive discussions within the Scientific 

the complete renewal The D 19 banana detector 

of the secondary dif-

fractometer of D2B, further options are 

A Fan-blade of an aero-engine (about Im high) mounted on the hexa­

pod sample stage of SALSA. On the le~ the automated vanable slit 
system for beam definition. 

ninety-eight I ninety-nine 

now or will very soon be avail ­

able: D19 was equipped with 

three new 'bidim26' two-dimen­

sional detectors and the strain 

imager SALSA had its very first 

test with neutrons. Intense work 

continued on the big banana 

detector for D19 [with the 

Univ. of Durham) and consider­

able efforts were made to com­

plete the basic version of SALSA 

(with the Univ. of Manchester), 

the aim being to start commis­

sioning SALSA at the restart of 

the reactor, fol lowed shortly 

after by the 019 banana detec­

tor. Discussions and planning 

of a next-generation powder 

diffractometer were also started 

and DRACULA, as its name sug­

gests, should prove to be a very 

ambitious project. 

Major prog ress was also made in small­

angle scattering. The fast small-angle 

detector was installed on D22 and now 

performs to our full satisfaction. Some addi­

tional tuning in the 1st cycle of 2005 should 

secure operation at a data rate of up to 2 

MHz, with plans for a further increase to 10 

MHz. We were less successful with the D11 

collimation, where the new guides were 

delivered but proved to be unsatisfactory. This 

causes considerable delays! On the other 

hand, the idea of allowing D 11 to benefit from 

the fast D22 detector led to a positive deci­

sion. Intense discussions are also under way 

about a 3rd small-angle scattering instru­

ment ILL obviously wishes to enhance its per­

formance in fields where it already excels. 

Here we must mention the remarkable 

progress and results produced by the tomog­

raphy station, whether in the area of kinetic 

processes, Antarctic fossil rock or materia l for 

the aircraft industry. 



The fast small-angle detector on D22. 

Some new instrumentation was also deliv­

ered in the field of three-axis spectroscopy: 

IN20, one of the instruments where polarised 

neutrons have their home, was completed 

in early 2004 and the flat-cone (multi­

analyser) option for three-axis instruments 

is progressing in leaps and bounds. Surely, 

the upgrade of the cold neutron instrument 

IN 14 will soon be on the agenda as well. 

The diffuse scattering instrument D7 is 

now equipped with the first complete bank 

of polarising analysers. There has been a 

tremendous leap forward both in terms of 

intensity, with an increase of more than one 

order of magnitude, and understanding. The 

users are extremely pleased. When the sec­

ond bank will be ready, the performance will 

again be doubled. In parallel, the flight 

chamber of INS is being rebuilt and there 

will be a new detector bank covering a much 

larger solid angle. The backscattering instru­

ment IN16 is also being rebuilt. The latter 

project involves considerable technological 

challenges, e.g. the material stability of the 

rotating disk of the phase space transformer. 

On this behalf we are in constant dialogue 

with our colleagues at NIST and Julich. 

On the nuclear physics side, the microball 

option of Lohengrin, now equipped with 

2 "Clover" detectors, 

is much more sensi­

tive when listening to 

y-transitions of exotic 

neutron-rich nuclei. 

The Ultra-cold neu­

tron (UCN) delivery 

seems to be preparing 

the way for the next 

nuclear physics Mil­

lennium Project. 

"More than simply 

neutrons" is the 

motto of both the deuteration facility, 

which is working very well, and the facility 

for mechanical engineering. The initial invest­

ment in FaME38, which is an interface 

between engineers and scattering tech­

niques, on site as a joint ESRF/ILL initiative, 

is more or less completed. A new applica­

tion to EPSRC was submitted in 2004 and 

we sincerely hope that it will lead to further 

support for the facility (the partnership 

would then be transferred from the Univ. of 

Salford to the Univ. of Bristol). 

The modernisation of our infrastructure 

covers a vast area, ranging from sample 

environment, where efforts in 2004 concen­

trated on the work on a Paris-Edinburgh 

pressure cell which can be operated at low 

temperatures, to instrument control software 

(CASE). Th is latter topic, on which a great deal 

of work has been carried out over the last 

two years, has now acquired the status of 

a Millennium projecl thus securing its finan­

cial basis and further development. Its aim 

is to move from MAD to more modular, 

object-oriented control within the next 2-

3 years. 

Much is to be gained from improving our 

neutron guides, which represent the most 

important projects in infrastructure. Here a 

vast programme centred around the neu-

tron del ivery system for the guide hall lLL7 

is ongoing and has a particularly high pri­

ority. All the guides close to the reactor will 

be renewed, including their mechanics. A 

major step is a transition from Ni to multi­

layer coatings (m=2) as well as an optimi­

sation of cross sections. The H 1 /H2 guide 

renewal, including safety aspects and addi­

tional shielding, is expected to cost around 

2.5 M€ and will require considerable man­

power and effort Its installation must be cor­

related with the replacement of the H 1/H2 

beam tubes during the long shutdown in 

2005/06. Furthermore, we are continuing to 

plan, build and install new guides, opti­

mised for the needs of new instruments, 

such as the quasi-Laue instrument LADl-3 

for biology and the horizontal reflectome­

ter. Once the replacement of H 1 /H2 has 

been completed, we aim to speed up this 

renewal process. Much thought is necessary 

to minimize the "down-times" needed for 

the installation of such new guides (and 

instruments) after the return to full reactor 

operation in the summer of 2006. Both 

zircaloy beam tubes have been delivered -

H9 is installed and H 11 will follow during the 

next long shutdown. 

The Refit programme, reactor operation 

and modernisation are all carried out in 

parallel; this can also cause certain problems. 

Compact reactor cycles early in the year tie 

up a considerable amount of manpower, but 

are also the only time when tests with neu­

trons can be performed. While we are grad­

ually getting more used to dealing with 

this, we were very pleased to learn of the 

Associates' decision to provide the Mil len­

nium Programme with a more dynamic 

budget starting in 2005. In the future this 

will allow us both to complete projects faster 

and start new projects at an increase rate. 



millennium programme 

First neutrons on SALSA 
At the beginning of August 2004 SALSA, the Strain Analyser for Large and Small 
scale engineering Applications, saw its first neutrons.Although provisional , the 
configuration used allowed testing the instrument under real conditions. 
This initial operation of the instrument was the result of more than three years 
of dedicated design, development, manufacture and assembly by many groups, 
both within and outside the ILL.The project is one of the first five of the ILL's 
Millennium Programme, which started in the year 2000 [I]. SALSA enjoyed the 
joint financial and manpower contribution from both, the Manchester Materials 
Science Centre (Prof. P.J.Withers), funded by the EPSRC, and the ILL. 

The idea of the instrument was intro­

duced in 2000, and optimisation studies 

were performed in collaboration with Jan 

$aroun from the Nuclear Physics Insti­

tute, Rei near Prague [2,3) for the neutron 

guide and the monochromator, and with 

J.P.Merlet, INRIA Sophia-Antipolis for the 

hexapod sample stage. The main output 

was i) a monochromator, using bent per­

fect crystals, in combination with a super 

mirror guide of m=2 would give optimum 

performance, ii) a parallel kinematic 

hydraulic robot would meet all the spec­

ifications for sample manipulation. The 

output excavation of the 

Figure I: SALSA as set -up for the fi rst tests. The optics. detector and 

hexapod are linked by the delta-table. An omega rotation and a transla­

tion of the hexapod increase the work space for large samples. The con­

nectJons and the optics support are st,11 prov1s1onal. 

site started in 2001 and 

provided the necessary 

floor to beam axis distance 

to achieve the specified z­

movement range. In 2002, 

the new 9 m long and 30 

x 200 mm' section super 

mirror guide between 

DlA/D1B and SALSA was 

installed. During 2003, a 

newly conceived exit 

assembly was delivered 

and positioned. Finally, in 

2004, the last instrument 

parts were delivered, tested 

and installed: they 

included the monochro­

mator from Missouri Uni­

versity Research Reactor 

(USA), the hexapod sample 

stage from Olhydraulik 

Elemente Hagenbuch, 

Ebikon, Switzerland, the 

motorised slit system from 

one hundred I one hundred and one 

T. Pirling and S. Rowe (ILL) 

G. Bruno (University of Manchester) 

Swiss Neutronics and the base table. 

The list of specifications, assembled with 

international experts, included sample 

weights over 250 kg, sample dimensions 

up to more than 1 meter and positioning 

precision of 50 µm. A further demand was 

the ability to measure big samples of any 

shape, i.e. wing sections from airplanes, 

without the need of special sample prepa­

ration (in particular cutting), to pursue 

the use of a non-destructive technique. 

Variable wavelength was demanded to 

enable measurements in different mate­

rials, such as metals, alloys and compos­

ites. Finally, quick, reproducible and auto­

mated sample alignment and user-friendly 

operation as well as reliable data analysis 

completed the specifications. 

A lot of effort was put into the develop­

ment of the sample stage. This was impor­

tant because a strain imager has to deal 

with a big variety of sample shapes and 

weights. At the same time the orientation 

of the sample in the beam is crucial. The 

scattering vector defines the direction 

in which the strain is being measured. 

Therefore tilt and position of the specimen 

have to be adjusted at the same time. 

A sample stage that allows such flexibil­

ity is a hexapod or Stewart-Platform (see 

figure 1). This is a robot with parallel kine­

matics and six degrees of freedom. The 

advantage of the hexapod conception for 

SALSA's sample stage is the flexibility of 

movements, the high precision and its 

high stiffness. The final design allows a tilt 

range of± 30° and a translation range of 

± 300 mm. The nominal payload is 500 kg 

and the upper limit lies at 1000 kg. 

Translations, tilts or even oscillations of the 

specimen around the gauge volume are 

possible. 
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changing the take-off angle 

and no re-calibration is 

needed. Figure 1 shows all 

these components in an 

instrument overview [4]. 

Similarly, the casemate exit 

assembly is a novel design. 

Control is greatly simplified 

and safety increased. 

motor steps 

Figure 2: Optimisation of the curvature of the monochromator 
crystals. The radius of curvature is decreasing towards positive 
motor sreps (=more bending). The figure of ment shows a flat 
maximum between -500 and - I 00 motor steps. A curvature of 5.4 
m is achieved at -350 motor turns. This is the optimum for 20 = 840. 

The double bent, variable 

horizontal focusing mono­

chromator takes advantage 

Preliminary tests allowed determining 

the repeatability of positioning to 3 µm 

with the smallest displacement width at 

5 µm under the conditions of zero load 

as well as 940 kg. Further tests for the 

determination of the absolute positioning 

accuracy will follow. The mathematical 

model gives a maximum positioning error 

of 50 µm. 

The hexapod is moving freely on a plat­

form, the A table. This is a thick steel plate, 

which links the variable take-off, the hexa­

pod and the detector. It is large enough to 

allow a full 360° rotation around the dif­

fractometer omega axis and an additional 

translation of up to 700 mm. This option 

increases the workspace and allows meas­

urements on the extremities, even of sam­

ples up to 1.4 m in length. 

The rotation around the omega­

axis of the diffractometer 

enables the typical 90° turns for 

the measurement of two per­

pendicular strain components 

with only one set-up. 
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of the divergence of the neutron beam 

providing high intensity, without loss in res­

olution. Unlike common flat perfect crys­

tal or mosaic monochromators, it allows 

finding an optimum resolution at each 20 

angle. 

The MURR monochromatorw - designed 

and built by Mihai Popovici - contains 36 

stacks of 5 mm high slices of Silicon crys­

tals, cut in the (400) plane and arranged 

to have a fixed vertical curvature. The hor­

izontal curvature is variable in order to 

optimise intensity and resolution. Figure 

2 shows the optimisation curve of the 

monochromator during the tests in 

August. The horizontal curvature of the 

crystals was changed while recording 

intensity and peak width of the Fe(211)­

reflection from a powder. The wavelength 
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Moreover, the Mable provides 

the abi lity to vary the take-off 

angle between 55° and 125°. It 

also supports the beam optics. 

This is a key issue, because the 

Figure 3: The time evolution of the error· on the strain follows 
the inverse square root law foreseen by both Webster [5) and 
Wrthers [ 6). The stabilisation occurs after I 0-15 min counting time. 

was 0.16 nm and the scattering angle 84°. 

Figure 2 shows that the flatter the crys­

tals, the higher the resolution, but the 

lower the intensity. With greater curvature 

the diffracted intensity'• increases until it 

reaches a maximum. One way to find the 

optimum settings for an experiment is to 

use a figure of merit f. putting weight on 

resolution cr, defined as the peak width 

(Gaussian standard deviation): f= ~2 

In fact, figure 2 shows a flat maximum of 

the figure of merit between -500 and -100 

motor steps. 

A nose-shaped slit system allows auto­

mated selection of the horizontal and man­

ua I choice of the vertical size of the gauge 

volume. It also allows remote control of the 

sample-slit distance and the reproducible 

mount of oscillating collimators or even 

mixed collimator-slit configurations. 

First test with neutrons 
The same Fe powder peak was measured 

for different counting times. The results 

shown in figure 3 imply that: a) the error 

in strain is about 25 µ£ and b) the conver­

gence of both the lattice parameter value 

and the measurement error occurs after 

10-15 min. 

The final assembly of the instrument was 

completed in 2004. Alignment, optimisa­

tion of hard- and software parameters, and 

testing of all components will take place 

during the first reactor cycle in 2005. The 

second cycle will be used for commis­

sioning experiments, and for the third 

cycle SALSA will finally become a sched­

uled public ILL instrument. 

The SALSA team is confident that the new 

instrument will go beyond the orig inal 

specifications and become a world-class 

instrument. 

ferences: [I] T. Pirling and S. Rowe.A Strain-imager at the ILL, ILL Annual report 2000, 84-85 
[2] J. Saroun and T. Pirling, Optimisation of focusirg monochromator for the neutron strain-scanner at a supermirror guide, inter­

nal report 2000 
[3] J.Saroun,T. Pirling and R.B. Rogge, Optimisation of a focusing monochromator for neutron strain-scanning diffractometer, 

Appl.Phys.A 74 [suppl) (2002) 1489-1491 •' . 
[ 4] G. Bruno, T. Pirling, P. Withers, W. Hutt and S. Rowe, SALSA: Strain Analyser for large and Small Scale engineering Applications, 

J. Neutr. Res. I I (2003) 235--239 - ·, : ~~c ' 

[S] P.J. Webster and W. Kang, J. Neutr. Res. I 0 (2002) l~~- I I 0 
[6] P.J. Withers. M.R. ~Daymond and M.~ .Joh~_sOn,J. Appl._Cryst. 34 (200 I) 737-743 ·f""""" 
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Small-angle spectroscopy 
at thermal energies: 
the BRISP project 
Since the first agreement between Italian and German research teams in 2000. 
the development of BRISP. a time-of-flight spectrometer optimised for 
small-angle inelastic experiments with thermal neutrons. has overcome all 
the addressed technical challenges and is becoming a well-established part of 
CRG activities at the ILL.The spectrometer will soon become operational and 
is entering its final assembling/commissioning phase. During 2004 remarkable 
steps forward have been made, as important as the first extraction of the 
monochromatic beam and its first imaging on the detector. 

The Time-of-Flight (ToF) Brillouin 

Spectrometer BR ISP is designed for neu­

tron inelastic scattering experiments where 

wide (thermal) energy ranges at small 

momentum transfer are desired. The orig­

inal features of BRISP are the use of mono­

chromators delivering thermal energy 

neutrons in combination with a thorough 

collimation in both the horizontal and 

vertical directions and with a very large 

(2 m2) two-dimensional small-angle posi­

tion-sensitive detector (PSD). Depending 

on the incident wavelength, at momentum 

transfers ranging from 0.5 to 0.05 A', 
exchanged energies up to 10-15 meV will 

Figure I: BRISP layout 

Monochromator I Shutter 

Soller collimator 

become accessible with resolutions 

between 2.5 and 50/o [1,2]. and for the 

first time with the great advantage of the 

efficient ToF data acquisition. The new 

perspectives opened by this innovatory 

spectrometer span from the study of col­

lective excitations with velocities up to 

3500 m/s in liquids and glasses, to the 

investigation of spin dynamics in magnetic 

systems, and to biophysics or materials sci­

ence applications. 

So far, the construction of BRISP has 

offered major technical challenges, start­

ing from the early stages of the project 

when the building of a 4 m-high seism-

Monitor I Honeycomb Monrtor 2 I Sample 
(converging colhmdtor) 

D iaphragm Diaphragm 

Background chopper Ferm, chopper 

one hundred and two I one hundred and three 

D. Aisa, E. Babucci, F. Barocchi, 
A. Cunsolo, F. D'Anca, F. Formisano, 
E. Guarini, A. Laloni, A. Orecchini, 
C. Petrillo, F. Sacchetti and 
G. Venturi {INFM, ltatv) 

T. Gahl, S. Jahn, W.C. Pilgrim 
and J.-B. Suck (TU Chemnitz 
and Un,versitv of Marburg) 

H. Mutka (ILL) 

proof steel platform holding the heavy 

instrumental assembly was required. The 

design and development of the main 

shielding and the spectrometer compo­

nents have also proved to be quite 

demanding technical tasks. During 2003 

the shielding was refined, the choppers' 

rotation and control were duly tested, the 

long honeycomb collimators, specifically 

conce ived for BR ISP [3). were constructed 

(figure 1 ). The sample chamber with a 

sample environment equipment composed 

of a Maxi Orange cryostat and a furnace 

were acquired and tested, for experiments 

in the temperature range 1.5 to 2000 K. 

After the final approval of the shielding 

through radiological measurements in 

Spring 2004, the first graphite monochro­

mator - selecting neutrons of 20 and 80 

meV ((002] and [004] reflections) and fully 

developed and aligned by INFM - was 

installed inside the main sh ielding. 

In July 2004 the first monochromatic 

'He Detector Beam stop 

Detector vacuum tube 
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Figure 2: First extraction of the BRISP monochro­

matic beam. On 26 July 2004 an optimised mono­

chromatic beam was extracted and lhe lotal flux 

was measured using a calibrated He monitor. A 

flux of about 2 x I 0 n/s was obtained over a sur­

face of I 3 cm . after a fine tuning of both Soller col­

limator and monochromator. The measured peak 

flux density was 1.5 x I o· n/cm!/s,a value quite close 

to the expectat ion. Subsequent!}'. a CCD camera 

was used to take a 2D-picture of the beam. and 

the resulting image 1s reported 1n this figure. 

beam extraction was achieved. Thanks to 

a fine tuning of both Soller collimator and 

monochromator orientations, the flux was 

optimised up to the measured value of 

2 x 108 n/s from the whole monochroma-
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tor surface. The peak flux density was 

measured to amount to 1.5 x 10' n/s/cm', 

in good agreement with previous simula­

tions [1 ,2]. The results are shown in figure 

2 where a sketch of the transverse section 

of the beam is reported, as detected by a 

CCD camera. The extraction of the mono­

chromatic beam is by itself quite an 

encouraging result and opened the oppor­

tunity for a subsequent check of the BRISP 

detector bank and its acquisition elec­

tronics [4]. To this purpose the BRISP 

detector was equipped with one bank 

composed of 32 individual vertical Reuter 

Stokes PSD tubes. This configuration is 

intended only as preliminary, since an 

array of 96 tubes grouped in 3 banks is 

foreseen for the commissioning phase, 

while 160 tubes arranged in 5 banks will 

be used in the final upgrade. In August 

2004, the detector was placed in front of 

the incident beam, attenuated by a 5-mm 

sheet of absorber (elastobore) to roughly 

101 n/s/cm', and the first images of the 

Figure 3: First image of the monochromatic beam on lhe BRISP detector. 

On 4 August 2004. the detector was set under high voltage for the first time. First 

neutron pulses, due to background neutrons on the BRISP srte. could be recorded 

on the analogue outputs of the detector bank After connecting the detector to 

the data acquisition electronics, a first picture could be obtained, thus proving the 

co1-i-ect functioning of all t he acquis1t1on channels. O n 6 A ugust. afte1· rad io logica l 

tests of t he setup. the shutters were opened and the BRISP detector took its first 

images of the BRISP monochromatic beam with a I 0s acqu1s1t1on time. 

ferences: [I] S. Jahn and J.-B. Suck.Appl. Phys.A 74 (2002) S 1465 

spectrometer monochromatic neutrons 

were successfully acquired. A three-dimen­

sional plot of the intensity profile, corre­

sponding to a 10 s acquisition time, is 

reported in figure 3. 

The two trial tests described above repre­

sent the best achievements of the first era 

of the BR ISP construction and allow the 

present and future efforts of the BRISP 

team to be directed towards other challeng­

ing tasks, such as the mechanical and opti­

ca l alignment of the whole spectrometer 

components and the setup of the data 

acquisition electronics and software, to be 

accomplished by the beginn ing of the first 

cycle in 2005. The other two cycles in 2005 

will then be devoted to the commissioning 

of the instrument. This will allow testing of 

all the components and a fine-tuning of the 

performance of the whole instrument in the 

present basic configuration. The next stage 

will witness further developments and 

upgrades in the near future. Among these, 

the insta llation of copper monochromators 

for higher flexibi lity in the choice of inci ­

dent energies (namely 52 and 138 meV), of 

a new Fermi chopper rotor for higher flux 

on the sample, and of a high-angle detec­

tor bank are already envisaged for the proj­

ect development. 
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technical & computing developments 

A gas proportional 
scintillator counter 
for thermal neutron 
instrumentation 
It has been demonstrated [I] that a micropattern structure, installed in 
a gas volume suitable for neutron detection, can generate a number of photons 
during the avalanche process sufficient for detection via optic readout. 
A gaseous scintillation detector consisting of an 1He+CF. filled micropattern 
detector coupled with an optical readout was then investigated for an 
application for high resolution and high counting rate position sensitive neutron 
detectors. The performances of this detector are comparable to the ones 
of a neutron scintillator with in addition a very good gamma separation . 
The gas mixture was carefully studied and several systematic measurements 
were carried out in order to optimise it for light emission and position 

resolution. The possibility of detecting the primary light (prior to electron 
avalanche multipl ication) makes this device very interesting and promising 

for application to neutron scattering instruments. 

Every avalanche multiplication 

process or charge migration in a gas volume 

is accompanied by photon emission resu lt­

ing from the inelastic coll isions between 

electrons and gas molecules, when the elec­

tron's energy is higher than the radiative 

exci tation threshold. The use of this light 

producing phenomenon, particularly abun­

dant in pure noble gases, has given birth to 

an entire fami ly of detectors called Gas Pro­

portional Scintillation Counters (GPSC). In 

general, gas scintillation counters are very 

similar to charge readout gaseous detec­

tors, but the electronics used for the charge 

readout is replaced by an optical readout 

chain. The gas mixture can be different from 

the ones typically used in gas counters. It is 

chosen in order to maximise the emitted 

light and in such a way that the latter is com­

patible with the spectral sensitivity of the 

optical system used, in general in the visi ­

ble or near UV region. The detectors used for 

ionising particles based on photon emis­

sion by gases rely on the radiative output of 

the medium corresponding either simply to 

an energy input, that is the energy lost by 

the detected particle, or to fu rther energy 

supplied to the med ium by an external elec­

tric field in such a way that the output pho­

ton flux is increased by several orders of 

magnitude. The incoming particle dissipates 

energy through ionisation and excitation 

processes. The radiative de-excitation of the 

medium gives rise to the primary scintilla­

tion; gas scintillation counters are based on 

information from this light pulse. If an elec­

tric field is app lied to a gas scintillation 

counter the drift of primary electrons, and 

eventual ly also secondary electrons near the 

electrodes (if the field is strong enough for 

ava lanches to build up), further excites the 

medium wh ich de-excites by emission of 

the secondary scintillation. The gas scintil­

lation proportiona l counter is based on the 
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secondary scintillation, which can be con­

trolled by appropriate shaping of the elec­

tric field configuration, and uses also the pri­

mary ionisation. Although the photon flux 

carries an important fraction of the energy 

deposited by the particle or supplied by an 

external field, gaseous detectors until now 

have been mainly used as charge collecting 

devices. The development of light gaseous 

detectors has been slow and some poten­

tialities have not been yet fully exploited or 

even considered. The detector used for this 

study was made of an MSGC plate assem­

bled in a gas tight stain less steel box. This gas 

vessel has a diameter of 20 cm and two 

opposite windows: an Aluminium one, 5 

mm thick, in order to allow the neutrons to 

enter the gas volume, and a Quartz (Suprasil) 

one again 5 mm thick, to allow photon read­

out. A special light- tight flange is used to 

position a 1-inch photomultiplier in front of 

the Quartz window. Similarly, it is possible to 

position a CCD camera for imagi ng pur­

poses. The bidimensional MSGC used for the 

tests is of the Bidim-bis type developed at the 

ILL and described in [2). For this application 

the MSGC plate needs to be assembled in the 

gas vessel in a reverse way compared to a nor­

mal neutron detector (i.e. with the cathodes 

facing the Aluminium entra nce window) 

because we need the anodes, where the light 

is produced, to be facing the Quartz window. 

In order to understand the light emission 

process, several measurements with an 3He­

CF, gas mixture were performed, varying 

the amount of CF, in the mixtu re or the 

concentration of the 3He. We can observe that 

the number of emitted photons reaches a 

plateau for a CF, pressure higher than 2,5 bar, 

independent of the 3He concentration. The 
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irradiating the detector with a 

neutron beam through a 

mask. From figure 1 we can 

see that it is possible to 

observe photons emitted in 

the gas volume well before 

the avalanche multiplication 

takes place in the detector, 

even when no high voltage is 

applied to the MSGC. This 

means that the interaction of 

the charged particles gener­

ated by the neutron absorp-

electron multiplication takes place in the 

immediate vicinity of the anode strips and 

this is also the location of the 

maximum light emission (figure 2). 
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The system is clearly able to resolve light 

sources as close as 1 mm apart; this suggests 

that by using a structure with a finer pitch 

it would be possible to obtain a very good 

position resolution. 

- 500 0 500 1000 1500 2000 2~ 
The possibility of observing the primary light 

emitted in the gas, with no amplification on 

the MSGC plate, is an indication of the good 

scintillation properties of the chosen gas 

mixture. Seen as an alternative to charge 

readout, optica l readout of the scintillating 

avalanches simplifies the readout system, lim­

iting the connection problems, and also 

allows a deep study of the detector per­

formances. 

MSGC HVM 

Figure I: Light 1ntens1ty and LSGC charge ga in as a function o f the 

MSGC high voltage. 

fact that the light emission is independent 

of the 3He concentration tells us that only CF, 

molecules contribute to the process. 

Coupling the detector with a CCD camera it 

is possible to visualise or record some images 

tion in the gas volume is suf­

ficient to produce photons in a number high 

enough to be detected by the CCD camera. 

When applying a high voltage to the MSGC, 

the anode structure becomes visible in the 

image, due to the fact that the avalanche 
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Figure 2: Image o f the light emitted by the GSPC irradiated through a I x 2 cm· Cadmium slit with no voltage on the MSGC and with 2700V on the MSGC: 1n 

both cases the horizontal proJect1on o f the image 1s also shown. 

eferences: [I] F.A.F. Fraga, L.M.S. Margato, S.T.G .G . Fetal, M.M.F.R. Fraga, R. Ferreira Marques.A.J.P.L. Policarpo, B. Guerard.A. Oed, 
G. Manzin and T. van Vuure, CCD readout of GEM based neutron detectors, Nucl. lnstr. and Meth., A475 (2002) 357-361 

[2] N. Velletaz, J.E.Assaf and A Oed, Two-dimensional gaseous microstrip detector for thermal neutrons, Nucl. lnstr. and Meth., 
A392 ( 1997) 73-79 



technical & computing developments 

LAMP - I O years on ... 
In 2004 LAMP celebrated its I 0''' birthday.This program, written in IDL, 
was originally developed to inspect ILL data, following the migration from 
VMS to Unix operating systems.Today the program aims to give users 
a common, scriptable and programmable environment in which data can 
be visualised and manipulated for the widest possible range of instruments. 
LAMP runs on Unix/Linux.Windows and Mac operating systems and 
is freely available as a run -time executable (see ftp://ftp.ill.fr/pub/cs/). 
Thi s article describes recent developments in LAMP. 

From interactive use 
to electronic notebooks 
and scripts in LAMP 
The functionality of LAMP in terms of data 

treatment depends on the macros that 

have been written by sc ientists and the 

Computi ng for Sc ien ce Grou p. Many 

macros exist, for exa mple, fo r trea ti ng 

powder diffraction, reflectivity and ti me­

of- fli ght data. The resul t of reading raw 

da ta is a workspace conta ini ng a multi­

dimensiona l array and an associated set 

of attributes (e.g. axes) and parameters (e.g. 

sample temperature - see info/data param­

eters menu). Macros therefore need on ly 

contain the code to manipulate the data 

and its attributes. Al l commands executed 

in an interactive LAMP session are recorded 

in the journal (see info/journal menu). 

They can be cut and pasted into a text file 

to make a scri pt of 

commands which can 

be executed in a DO 

box. Scripts are gener­

ally limited to sequen­

tial execution of com­

mands. Where a large 

number of repititions 

in the data manipula­

ti on is requ ired, a 

script fi le contain ing 

can be executed using the XBU interpreter 

(see Lamp/Layout menu). Script f il es 

amount to a record of a particular exper-

iment. A com pl ementary tool in this 

respect is the electronic log book which has 

recently been added to LAMP. By right-

cl icking in the principle graphics windows, 

images, text fi les and comments ca n be 

added to the electron ic logbook. 

New fitting 
routines in LAMP 
In terms of increased functiona lity, two 

new fitting routines are now ava ilable in 

LAMP (see tools menu). "str_fit" has been 

developed for analysing strain scanning 

measurements in which a Bragg peak is 

measured as a function of the position in 

the sample. The diffraction peak in each 

pattern is fitted with a given theoretica I 

D. Richard, B. Ouladdiaf 
and M. Johnson (ILL) 

S. Rois (UniversityofMontpellier) 

lineshape (e.g. pseudo-voigtl, includ ing 

convo lution with a resolution function, 

and assuming one, two or an unspecified 

number of peaks in each diffraction pro­

fi le. The fitted data and residua ls ca n be 

viewed in different ways. Fit parameters 

ca n be plotted an d written to fil e or 

another workspace. Clearly, "str_fit" is not 

restr icted to strain scann ing data. The 

evolution of any spectra l or diffraction 

profi le can be represented in a LAMP work-

space and ana lysed in th is way. 

The second fitting rou tine is "Oens_fit", 

developed to analyse quasi-elastic spec-

tra. Inelastic excitations can also be treated, 

as in the case of the we ll-known Fortran 

program, Profit. The input for "Oens_fit" 

consists of two workspaces, one contain­

ing the data as a function of Q (or tem­

perature, pressure etc), the other contai n-

FOR or WHILE loops Figure I: Examples of (a) commensurate and (b) ,ncommensurate magnetic structures in MAGDRAW. 
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Figure 2: 3D 1sosurface and 2D contour plot representat ions of electron density, calculated byVASP. for 

L1FePO,. 

ing the corresponding se t of resolution 

functions, and a fitt ing model (typica lly a 

delta function for the elastic peak and 

Lorentzians and Gaussians for the 

quasi/inelastic features) Once one of the 

spectra has been fitted (e.g. for the high­

est O), the remaining spectra can be fit­

ted in one go and parameters can be fixed 

for all spectra. Instead of fitting inde­

pendently each spectrum, a physical model 

can be imposed, for example for diffu­

sion on a sphere. Only simple models are 

currently available and more wi ll be added. 

Atomistic 
representation in LAMP 
A completely new development in IDL is 

the representation of crystal and mag­

netic structures (see figure 1 a Et b). The 

module MAGDRAW is included in LAMP, 

allowing it to be distributed freely. MAG­

DRAW reads the nuclear and magnetic 

structures fo llowing Rietveld refinement 

in standard programs like FULLPR OF. 

The structure is displayed as a 30 object 

that can be easily rotated. Miller planes can 

be shown in the crystallographic ce ll to 

help visua li se local structure. Sta ndard 

representations of atoms and structura l 

units (bal ls, sticks, polyhedra etc) are avail ­

able. High quality images and animations 

of, for example, helical spin structures can 

be saved for publications or presentations. 

Atomisitic representations in LAMP are also 

being explored for visualising the results of 

sol id state, first principles calculations on 

materials. Computational codes like VASP 

(see http://cms.mpi.univie.ac.at/vaspn, based 

on density functional theory (OFT). allow 

electron and spin density to be ca lcu lated 

and these can be displayed with the crys­

ta l structure in LAMP (figure 2). The ani­

mation capabil ities can be used to visualise 

molecular dynamics simulations and calcu­

lated phonons and molecular vibrations. 

Running Unix 
data treatment 
programs on laptops 

The evolution from the unix operating 

system to Windows and Macintosh is 

often synonymous with laptop com­

puters being used for data treatment. 

The technical task of adapting existing 

unix programs is straightforward, but 

users find difficu lties with three 
w 

aspects; the command li ne mode, 

graphics windows and printing graph­

ics and other output. During the past 

two years the Open Source GNU pro­

gramming suite has evolved to offer the 

same tools for PC-Windows and Mac­

intosh OS-X systems. The unix-like 

orig ins of OS-X allows easy porting of 

SGI data treatment programs, though 

the majority reta in their X-window 

characteristics. A native Aqua driver 

has been added to the ILL-PGPLOT 

library for Macintosh. For PC-Win­

dows a tool "Prop" written in Tcl/Tk 

provides easy management to launch 

programs with environment variables 

correctly set, and to use standard Win­

dows printers for output. Integration 

of a new windows graphics server 

allows the plotting window to be 

resized easily, and a copy sent to a 

Windows printer. GUI versions of com­

mon programs can also be used after 

minor alterations to the unix originals. 

A complete package of the SANS pro­

grams has been updated with these 

features. The distribution includes the 

new libraries and tools as an encour­

agement for users to adopt the MinGW 

set of GNU compilers for Windows 

and joi in future developments. 

Ron Ghosh 



new experimental techniques 

With G ISANS towards 
complete reflectometry 
The most exhaustive and detailed information on the 3-dimensional structure 
of layered samples (i .e. lateral and in-depth arrangement) can be gained from 
a complete reflectometry study. This consists of both off-specular and Grazing 
Incidence Small-Angle Scattering (GISANS) and the two together carry 
the depth-information of the sample.A variation of the grazing incident angle 
provides focusing of the neutron wave field onto different structural elements 
across a multilayer stack, and the extracting SANS signal carries a signature 
of the lateral fluctuations of the scattering length density of these high lighted 
elements. Due to specifics of off-specular and GISANS kinematics it accesses 
lateral scales over an enormous range from nano- up to sub-millimetres. 
This allows not only to probe, for example, the distribution of nano-particles 
imbedded into matrix-layers, but also to follow their influence on the 
correlation function and conformity of interfacial roughness. 

ous angles of incidence ex,, i.e. focusing the 

neutron wave field at particular structure 

elements of the multilayer. 

The combination of different lateral scales 

V. La uter-Pasyuk [TU Munich) 
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with the optical effects provides very detailed 

SANS patterns strongly varying with ex,. 

They can readily be understood and quan­

titatively described in terms of the Distorted 

Wave Born Approximation (DWBA). 

The simple scattering process of SANS inside 

a multilayer is explained in figure 1 a which 

shows the sketched experimental set-up 

and the GISANS intensity maps at three 

values of a.,. The specular reflections are 

the red spots in the intensity maps. Map A 

in figure 1 a corresponds to the incidence at 

a., = ex~ the critical angle. Then the wave fields 

of both, incoming and outgoing waves are 

enhanced due to the Yoneda effect and the 

GISANS signal is mostly concentrated around 

the specular reflection spot ex, = ex, = ex,. 

Turning the sample away from the critical 

incident angle results in intensity maps Band 

C in which the Yoneda scattering appears 

Specular reflect ion from multi­

layered systems probes the depth profile of 

the mean scattering length density (SLD) 

averaged over the lateral projection of the 

coherence length. Lateral fluctuations of 

the SLD around its mean value give rise to 

off-specular scattering. At shallow inci­

dence off-specular scattering, measured in 

slit-like coll imation, probes very large lateral 

scales. The use of point-like kinematics in 

GISANS permits to greatly extend the capa­

bility of reflectometry. At the same time 

GISANS is introduced in the much wider 

frame of complete reflectometry. 20 maps 

of the scattered intensity distribution now 

provide complete information about the 

lateral fluctuations: 

a) 
y .....-------~-~~-----,~ 

A : B C 

• the off-specular scattering probes the lat­

eral fluctuations within the reflection plane 

in the micro- to sub-millimeter range; 

• GISANS probes the lateral fl uctuations 

perpendicular to the reflection plane in the 

nano- to micro-millimeter range; 

• a depth profi le of the fluctuation's distri­

bution is deduced, recording the off-spec­

ular scattering conta ining GISANS at vari-

b) z 
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Figure I: a) schematic presentat,on of the G ISAN S set-up on D22. A scheme of G ISANS w ith a = a , 
the critical angle; B and C a > ex ; E 1s the trace of the Ewald sphere 1n the scattenng plane; 

b) reflectrometry intensrty map as a function of exand (ex + cx,)the co-ordinate system on D22.The black lines 

A' and B mark the position of the detector for which the GISANS spectrum 1s shown 1n t,gures 2a and 2b. 

D-direct beam, H-honzon. R reflected beam. Y. Yoneda scattering. SY-super-Yoneda scattering. The sample 1s 

a copolymer-multilayer [ I ]. 
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as a spot concentrated at the critical out­

going angle a, 7 a, and extended in y­

direction. It is now well separated from the 

reflected beam. The obtained intensity dis­

tributions as a function of 0., (see rose lines 

in figure 1 a) and 0., describe the lateral sizes 

of the SLD-fluctuations, responsible for off­

specular scattering and GISANS. O., is directly 

proportional to the scattering angle 'I', while 

the scattering angle a, in z-direction depends 

on both, 0., and 0.,. They can only be sepa­

rated with a measurement as a function of 

a. The SANS intensity varies along z-d irec­

tion due to various factors. The principal one 

is the variation of wave field amplitudes, 

which can be found through the fit of the 

averaged potentials for the specular reflec­

tivity. Then the lateral and transverse struc­

ture of the fluctuations is deduced via 

DWBA, taking into account both the size of 

the SLD-fluctuations in the direction nor­

mal, as well as parallel to the interfacial 

planes. (The latter is usually probed in con­

ventional off-specular scattering, e.g. GISANS 

integrated over y-direction.) 

As a practical example of the above expla­

nations, we can ana lyse the experimental 

intensity maps taken with a copolymer mul­

tilayer [1 ]. In figure 1 b the various features 

of the reflectivity and off-specu lar scatter­

ing are displayed. In order to obtain this 

map al l the GISANS maps are assembled by 

integrating each of them over the y-d irec­

tion (thus over the angle \jf). The presenta­

tion is unusual, but it has been chosen 

because it reflects the experimental set-up 

so that the detector positions for the GISANS 

maps are easily presentable. Black lines in 

figure 1 b mark the detector positions at 

which GISANS pictures were taken. The first 

configuration of interest sketches the fea­

tures at the edge of the tota l reflection (A 

in figures la and 1b). But in figure 2a the 

GISANS map has been chosen marked A' in 

figure 1 b, which is the situation of super­

Yoneda scattering at the first Bragg-peak 

(due to the periodicity in the layer's arrange­

ment). We can clearly see the scattering 

events below the horizon, which are impor­

tant for the complete description of the 

fluctuations creating GISANS and off-spec­

ular scattering. Above the horizon the 

GISANS intensity and the off-specular scat­

tering along 'I'= Oare attributed to belong 

to Yoneda scattering, the super-Yoneda 

scattering around the reflected beam and 

the super-Yoneda scattering above the spec­

ular scattering with its dependence on Qr 

It is evident that the Oz dependence will 

give information about the depth distribu­

tion of the fluctuations inside the multilayer. 

This scattering appears so pronounced 

because the wave field is enhanced by Bragg 

condition. This effect is called super Yoneda 

scattering. 

In figure 2b the GISANS scattering from 

the detector position marked Bin figures 1 a 

and 1 b has been chosen. Here, again above 

the horizon, the crossing of the Yoneda and 

super-Yoneda scattering is highlighted by 

increased GISANS scattering. At higher 

angles a, the reflected beam is met, around 

which the Bragg-sheet scattering gives rise 

to enhanced GISANS in tensity. New infor­

mation is obtained here since the Bragg 

sheet scattering is depth selective. The fit of 

the GISANS pattern above the horizon in fig­

ure 2c shows that already within this lim­

ited range important information about the 

fluctuations giving rise to GISANS, was 

obtained. 

Finally, in figure 2d a GISANS intensity map 

was chosen to highlight an effect encoun­

tered in thick samples in wh ich the reflec-

tivity conditions are running out of the cor­

relation length. Thus here "normal" SANS 

seems to appear in transmission but also 

above the horizon being modified by the 

boundary cond ition of the multilayer film. 

This example illustrates how GISANS cou­

pled to off-specular scattering can give 3D 

complete and detailed information on lay­

ered structures. 
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Figure 2: a) GISANS intensity map as a function of 
ljl (y-direction) and (a + a,) - a (z-direction) for the 
position A' in figure I b; a,= 0 is the horizon; 
b) GISANS intensity map for the position B in 
figure I b with scattering above the horizon; 
c) calculeted GISANS intensity map for the data 1n 
figure 2b, the position B in figure I b; 
d) GISANS 1ntensrty map for a 400nm thick copolymer 
multilayer [I]. (a + a,) = 0 is the direct beam posrtion. 



new experimental techniques 

The new D23 
diffractometer: 
working at high fields 
D 23 is a double-monochromator two-axis single-crystal diffractometer 
with a lifting detector installed on the thermal neutron guide H25. 
Its efficiency w as increased in 2004 by the installation of a completely new 
non-magnetic, compact and versatile secondary spectrometer. Following 
this improvement , D 23 is now ideal for all kinds of diffraction measurements 
that requ ire high magnetic fie lds. 

The CRG diffractometer D23 
is, with IN22, one of the two machines 

transferred from the SILOE reactor (CEA­

Grenoble) to the ILL (in 1995-96). It has 

been available to the neutron community 

since August 1999. It has two different 

configurations: unpolarised and polarised 

neutron modes. D23 is devoted to the 

determination of magnetic structures, 

magnetisation distribution maps and mag­

netic phase diagrams at low temperature, 

high magnetic field and/or under an 

applied pressure. The wave length can be 

changed in the range 0.9-3 A (unpolarised 

neutrons) and 1.2-2.4 A (polarised neu­

trons). D23, as originally built, was suffer­

ing from its old mechanics mainly because 

it was highly magnetic, and therefore it 

was impossible to reach very high fields. 

For th is reason, it was decided to replace 

the secondary spectrometer by a modern 

one more compact, rapid, non-magnetic 

and versatile. 

Al l the studies and drawings were made 

in March 2003 by the company Al-Sys­

temes and the mechanics were built at the 

end of 2003. The new machine (figure 1) 

was installed and successfully tested at the 

beginning of 2004, and was available to 

the community for 2.5 cycles (out of 3) 

during 2004. Several experiments at high 

fields were scheduled with both the CEA-

12 T and the ILL- 15 T cryomagnets, as 

illustrated in the next section. With this lat­

ter device, forces as low as 35 kg (hori-

Figure I : The new D23 secondary spectrome­
ter with the 15 T ILL cryomagnet mounted. 
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zontal) and 40 kg (vertical) were measured 

at 13 Tesla in the worst position [1], 

demonstrating that D23 is now one of 

the very few instruments at the ILL, safely 

supporting al l the cryomagnets avai lab le. 

In addition, particu lar attention was pa id 

to the positioning speed of the different 

movements. Typica lly, speeds as high as 6° 

per second can be reached, making D23 a 

particu lar ly effic ient mach ine, with an 

optimised ratio time actual ly spent count­

ing over the total time of an acquisition 

(this is of particular importance on a dif­

fractometer, when counting times are of 

the order of the second) . Lastly, the 

machine is more compact and allows 

access to a wider angu lar range : roughly 

125° on both sides in 200, and ± 30° in v 

(out of plane angle of the detector). The 

fact that the arc is symmetric perm its 

working with all types of asymmetric mag­

nets avai lable at the ILL. 

What's next? 
The new machine has been drawn to be 

evo lutionary: po larised 3He cel ls are 

thoug ht of as an alternative to the exist­

ing Heusler alloy monochromator, to 

increase the flux in the polarised neutron 

mode. The detector can also be replaced 

for a polarisation analysis option (with 

an 'He cell as a spin ana lyser "DECPOL"). 

All these options are of prime interest to 

provide the users with a three-dimen­

sional polarisation analysis option as 

implemented in the new CRYOPAD device. 

High Field study of URhGe 
One of the first experiments performed at 

high fields on the new D23 diffractome­

ter was devoted to the intermetall ic com­

pound URhGe. This compound is ferro-



magnetic below 9.5 K, and both ferro­

magnetic and superconducting below 

T5 ~ 0.3 K [2]. A similar behaviour is also 

found in the related ferromagnetic mate­

rial UGe, between 11 and 16 kbar [3]. Here, 

the appearance of superconductivity 

occurs together with a first order reduc­

tion in the value of the ordered moment 

at O K [4,5] . A first order transition back 

to the larger moment phase can be 

induced by applying a magnetic field along 

the easy axis. 

In URhGe there is also a field induced 

transition at H, ~ 11 T visible in the high 

field magnetisation. However it differs 

from the metamagnetic transition seen 

in UGe,, since the change now occurs for 

a field applied perpendicular to the ordered 

moment rather than parallel to it. At first 

sight, this transition could simply be a 

banal rotation of the moment towards 

the applied field direction: for d-metal 

ferromagnets such as iron, the magnetic 

moment prefers to lie along certain crys­

tal directions in low fields and an applied 

field of sufficient magnitude can then 

rotate the moment towards the applied 

field direction. This physics is well under­

stood when the anisotropy energy is much 

smaller than the exchange energy, and 

the magnitude of the ordered moment is 

conserved. However other measurements 

reveal that the transition in URhGe is in fact 

much more complicated, enhancing the 

importance of characterising the mag­

netic behaviour carefully. Neutron diffrac­

tion offers a big advantage for this, since 

it allows all the components of the mag­

netisation to be measured simultaneously, 

and can also test for the appearance of 

other orders, such as antiferromagnetism. 

The newly avai lable field of 15 T has allowed 

us to investigate this interesting physics on 

the D23 diffractometer (figure 2). 

In this experiment, the field was applied 

along the b-axis, whereas the zero field 

easy axis is the c-axis. Collecting a large 

series of peaks at H = O and above the crit­

ical field H, ~ 11 T evidenced that the 

effect of the applied field His to suppress 

the ferromagnetic moment along the c­

axis, m,, and to induce a moment parallel 

to H, m b. A field dependence of 2 Bragg 

peaks was performed at T = 2 K up to 15 

T: (i) the (002) peak, not sensitive to m,, 

which therefore measures the induced 

moment parallel to the applied field, its 

field dependent part being proportional to 

m/ (m, =Oat H = O); (ii) the (200) peak, 

whose intensity, after subtraction of the 

nuclear part (measured at H = 0, T = 15 

Kl, is proportional to the square of the 

total moment, m/ + m/ Assuming an 

isotropic form factor, the moment paral-
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lel to the easy axis can be deduced from 

the difference between the normalised 

intensities of these two peaks (correspon­

ding to me'). As seen in figure 2, m, col­

lapses at a meta magnetic field of about 11 

T, with a corresponding increase in the 

induced moment parallel to the applied 

field, m b. However, the measurements also 

show that the total moment does not 

increase monotonically, but has a dip at the 

'meta magnetic' field. Either the form fac­

tors for the two moment directions are 

substantially different, or the total moment 

is reduced in the vicinity of the transition 

field, a reduction which remains to be 

explained. 

0 6 8 10 12 14 

µ0 H[Tesla] 

Figure 2: Field dependence of m; , m,' and of the square of the 
total moment m; + m ' measured on D23 in URhGe at 2 K. 
in an applied field along the b-axis. 
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1Workshops in which ILL 
,was a major player in 2d04 

\ Pos;,;on Measucements w;th slow neutrons ~ NIST 

5-7 April • P Geltenbort (ILL), J. Nico (NIST) 

Joint IN2P3 and ILL workshop on nuclear and particle'physics 

\ 6-7 May • N . Alamanos (CEA Saclay), H. Borner & T Soldner (ILL), J. Col lot 

& JA Pinston (LPSC Grenoble), D. Guerreau & M. Spiro (IN2P3 Paris) 

MILAND workshop 

17-18 June • B. Guerard (ILL) 

French Japanese colloquium on quantum complex systems 

21-24 July • J. FTouquet (CEA-Grenoble), K. Miyake (Osaka University), 

C. Lacroix (CNRS-Grenoble) & H. Mutka (ILL) 

( 

Engineering Applications Workshop at ILL-ESRF 

13- 14 September • FaME38, ILL & ESRF 

Neutrons and Numerical Methods II 

14- I 8 Septembe\ • M. Johnson & M. Gonzalez (ILL), 

I 

Tarek Mounir (Uni. H. Poincare, Nancy), G. J. Kearley (IRI, Delft) / 

Colloquium in honour of Roland Currat C 

15 October • ILL management 

Medium Pressure advances for Neutron Scattering 

20-23 October • M.H. Lemee-Cai lleau (Uni. Renn\ & ILL) 

& N Kernavanois (ILL) 



workshops in 2004 

Position measurements with 
slow neutrons at NIST 
On 5-7 April, the International Con­

ference on Precision Measurements with 

Slow Neutrons was held on the campus of 

the National Institute of Standards and 

Technology in Gaithersburg, MD, USA. The 

conference was the latest in a series that 

began in 1977 in Grenoble. It highlights 

new resu lts and developments in the field 

of fundamental neutron physics utilising 

cold and ultra cold neutrons. Approxi­

mately 125 people from 10 countries par­

ticipated in the meeting that solicited over 

120 abstracts. The conference was spon­

sored and supported by seven institutions, 

including the ILL. 

The meeting comprised three ful l days of 

ora l sessions including poster presenta­

tions. The proceedings of the conference 

will be published in a special edition of the 

NIST Journal of Research, which is avai l­

able online to the public. The participants 

enjoyed a banquet at a restaurant on the 

banks of the Potomac River. After dinner, 

Prof. Norman Ramsey of Harvard Univer­

sity enchanted the audience with notable 

stories of his interactions with great physi­

cists throughout his long and il lustrious 

career. 

The conference opened Monday morning 

with discussions on the current state of the 

neutron electric dipole moment searches 

and emphasized severa l ambitious efforts 

to improve the limit by one to two orders 

of magnitude with in the next few years. 

Over the next two days, the topics covered 

a variety of concentrations with in the 

field, including tests of electroweak the­

ory and the Standard Model, production 

and storage of ultra cold neutrons, neu­

tron interferometry, and new develop­

ments in polarisation and polarimetry. 

There was a fu ll session on neutron facil­

ities around the world with an emphasis 

on the increasing number of new sources 

that are under construction. These facili­

ties demonstrate the growth in field of 

fundamental neutron physics and present 

additiona l opportunities for experiments 

requiring large densities of ultra cold neu­

trons, exploiting higher fluences of pulsed 

Peter Geltenbort andTorsten Soldner. coordinat­

ing the workhops contributions. 

cold neutrons, or training future genera­

tions of neutron scientists. The confer­

ence concluded with a summary by Prof. 

Dirk Dubbers of the University of Heidel­

berg. The general consensus among the 

participants was that, in spite of the 

progress and many achievements that 

were presented, new cha I lenges and 

opportunities in fundamental neutron 

physics continue to present themselves. 

Joint IN2P3 and ILL worl<shop 
on nuclear and article physics 
The mutual collaboration 

between the ILL, the IN2P3 (lnstitut 

Nationa l de Physique Nucleaire et de 

Physique des Particules) and DAPNIA 

(Departement d'Astrophysique, de Physique 

des Particules, de Physique Nucleaire et 

d'lnstrumentation Associee, CEA) in the use 

of neutrons as both a tool and an object 

for subatomic physics investigation, is a 

long tradition which has produced many 

scientific results over the last 30 years. In 

order to strengthen their partnership and 

to establish new collaboration grounds, the 

three institutions have jointly organised a 

one l1umlrcd clncl fourteen I one hundred rnd fifteen 

prospective workshop. Th is workshop took 

place on 6 and 7 May at our neighbour 

institute LPSC (Laboratoire de Physique 

Subatomique et de Cosmologie). 

The workshop was attended by 55 scien ­

tists, half of them from French laborato­

ries. Most of the talks were given by ILL sci-
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Gary Simpson convinced the participants that Lohengrin is the best facilrty to investigate neutron-r ich nuclei. 

entists and prominent users, to present the 

manifo ld activities in nuclear and particle 

physics at the ILL to the French commu­

nity. The other talks presented activities of 

French laboratories at other facil ities. The 

first day was devoted to particle physics 

with cold and ultra-cold neutrons and 

covered such hot topics as the search for 

time reversal invariance beyond the Stan­

dard Model, the test of the unitarity of the 

CKM matrix, and the search for non-New­

tonian interactions. The second day was 

dedicated to nuclear physics, in particu­

lar to nuclear structure and shapes, exper­

iments with nuclei far from stability, and 

fission. The workshop concluded with an 

interesting session on applications: nuclear 

waste transmutation, new reactor con­

cepts, and neutron tomography. 

The comprehensive overview the work­

shop gave on the science done at the NPP 

instruments is an excellent basis for closer 

future collaboration between the three 

organising institutions. 

MILAND worl<shop at the ILL 
Instruments of high-intensity 
neutron sou rces, dedicated to single crys­

tal diffractometry (SXD), reflectometry, 

and smal l-angle neutron scattering (SANS), 

are limited nowadays by the position res­

olution of their detector and/or its maxi­

mum sustained counting rate. Th is situa­

tion resul ts from continuous progress 

made in neutron optics, al lowing increased 

neutron flux on samples, and from an 

increasing demand to use samples of less 

than 1 mm1 volume. 

This situation has triggered the SANS-

2MHz project, with the goal to improve 

the counting rate of the 022 instrument 

by a factor of 20. As a result, a new detec­

tor has been studied in the framework of 

the Mi llenn ium Programme and TECHNI­

FP5 network, and it is now in operation 

on 022. It is based on position sensitive 

proportional counters, a technology we ll 

suited for very hig h counting applica­

tions, but limited in position resolution to 

about 5 mm. 

In order to provide both a high count 

rate and a high position resolution for SXD 

and reflectometry instruments, intense 

development has been engaged in several 

institutes, which has gained a strong 

interest among the future users of the two 

spallation sources under construction 

(SNS in the US, JSNS in Japan); actually, 

the peak count rate of these sources will 

be more than one order of magnitude 

higher than ISIS, the actual most intense 

pulsed source, and progress made in the 

field of neutron detectors during the last 

years do not allow to predict an opti-

mum use of SNS and JSNS at the beg in­

n i ng of their opera tion. 

The MILAND 4-year project, coordinated 

by the ILL has been launched at the beg in­

ning of 2004. It is devoted to the devel­

opment of a new 'He detector for reflec­

tometry neutron instruments, in terms 

of sensitive area, counti ng rate, and posi­

tion reso lution. In order to broad ly ben­

efit to the neutron user community, tech­

niques that can be transferred to the 

industry wi ll be given priority. 

The specifications of the MILAND detec­

tor were defined according to previous 

international detector meetings. Com­

pared to the best-performing 20 neu­

tron gas detectors available today, it will 

improve the spatial resolution by a fac­

tor of 2 (for detectors of equivalent size); 



global as well as local counting rate capa­

bil ity will be increased by a factor of 5; and 

all the other pa ra meters (gamma dis­

crimination, counting stabi lity and unifor­

mity, efficiency) will be maintained at the 

same performance level. 10 physics insti­

tutes, which are strong ly involved in 

detector and electronics deve lopm ent, 

are pa rtners of th is project: BNC, BNL, 

ISIS, ILL, GKSS, LIPP, LLB, SNS, TUM, and 

Tokyo University. More than 35 people 

participated in the second MILAND meet-

French Japanese colloquium 
on quantum complex systems 
A joint meeting between the CNRS 

and the Japanese Society for the Promo­

tion of Science (JSPS ) was organised at the 

ILL in July. Additiona l support was given 

by the CEA/DSM and the ILL. The Japan­

ese delegation [40 members) included 

eminent scien tists (J. Akimitsu , H. 

Fukuyama, K. Miyake, Y Kuramoto, K. Ueda) 

and many young researchers (20 PhD stu­

dents and postdoctorants). 

Altogether about 100 contributions were 

presented and discussed, half of them as 

oral presentations and half as posters or 

clips. The meeting contributed very much 

to reinforce the mutual collaboration 

between France and Japan, with a good 

balance between discoveries of new mate­

ria ls, insights given by the combination of 

microscopic and macroscopic experiments 

and strong feedback with the theory. The 

workshop greatly benefited to both the 

Japanese and European communities. On 

one hand, the choice of the ILL was very 

attractive for our Japanese colleagues, 

ing, held in Grenoble on 17 and 18 June. 

22 presentations were given, followed by 

discussions on several topics like "trans­

fer to industry" and "possible applica­

tions''. These presentations are available on 

the MILAND web page: 

http://www. neu tron-eu .net/j ra 2/i ndex.php 

H.Takahashi. from Tokyo University. presenting the 

latest development of Japanese Electronics for 

Neutron Detectors. 

eager to collaborate in neutron scattering 

experiments or to use the experimental 

results for the simplification of the theo­

retical models in the complex matter bui lt 

from strong ly correlated electronic sys­

tems. The recent progress in inelastic neu­

tron experiments as well as in small-angle 

scattering, were among the highlights. 

On the other hand, for the European par­

ticipants the qual ity of the work made in 

Japan represented an excel lent and stim­

ulating challenge. 

Engineering Applications Worl<shop 
at ILL-ESRF 
A workshop on Engineering Applica­

tions of Neutrons and Synchrotron Rad ia­

tion took place from 13-14 September at 

ILL-ESRF. The workshop brought together 

about 100 leading scientists and engineers 

who discussed the application of neutron 

and synchrotron X-ray central facilities for 

materials science problems. The event was 

organised by the FaME38 materials engi­

neering facility in collaboration with ILL­

ESRF. 

The programme included forma l presenta­

tions, informal workgroup sessions and an 

opportun ity to meet staff at the ILL-ESRF 

materials science beamlines. The formal 

presentations were structured into three 

one l1undred and sixteen I one hundred and seventeen 

sessions entitled Progress, Complementar­

ity and Applications chaired by Giovanni 

Bruno (ILL), Thomas Buslaps (ESRF) and 

Darren Hughes (FaME38). The presenta­

tions showcased the state-of-the-art neu­

tron and synchrotron X-ray facilities now 

ava ilable for engineering analysis and high­

lighted the materials science chal lenges 



Group photo at the ESRF. 

facing industry today. 

The keynote presentation in the Prag ress 

session was given by Peter Webster of 

FaME38. He highlighted the enormous 

potential of synchrotron X-rays and neu­

trons for the investigation of stresses in 

engineering components and showed how 

the recent creation of the FaME38 labora­

tory helps to optimise experimental effi­

ciency. Mike Prime (lANL, USA) presented 

a technique that he has developed for meas­

uring residual stress in the keynote talk for 

the Complementarity session. The 'Contour 

Method' measures deformation in an elec­

tro-machined surface and uses FE analysis 

to calculate the original residual stress field. 

It is particularly useful when used in asso­

ciation with neutron or synchrotron X-ray 

measurements to reveal the full stress field 

in components. In the session on Applica­

tions, Richard Burguete (Airbus, UK) gave an 

entertaining keynote presentation high­

lighting the materials science issues cur­

rently facing the European aerospace indus­

try. He showed that failure analysis may be 

achieved using rigorous mechanical testing 

and non-destructive methods such as neu­

trons and synchrotron X-rays. 

The range of topics of the full programme 

was diverse, reflecting current 'hot' research 

topics; residual stress analysis in aircraft 

wings; near-surface stresses arising from 

machining; imaging of bonded joints in car 

components; biomedical applications. A 

number of new collaborations between on­

site researchers and academic/industrial 

engineering groups were established dur­

ing the workshop and many more are 

expected to develop after the event. 

The workshop committee would like to 

thank everyone who helped with the event 

and making it an exciting forum. The Work­

shop Proceedings, which include abstracts 

of the oral presentations and posters, the 

programme and a list of participants, are 

available on the FaME38 website 

(www.il l.fr/fame38). 

Neutrons and Numerical Methods II 
(N2M2) 
Almost six years on since the first 

Neutrons and Numerical Methods work­

shop (December 1998). N2M2 was held at 

ILL from 14 to 18 September. The aim of 

both workshops was to explore the use of 

total energy calculations to describe the 

evolution of physical systems, predicted 

structures and dynamics being compared 

with neutron scattering data. The meet-

ing was funded by the ILL, NMl3, ISIS and 

TU-Delft. 

The first day took the form of a one-day 

school, with four introductory talks cov­

ering the main types of tota l energy ca l­

culations, based on empirica l force fields 

for large (e.g. macro-molecular) systems 

and on density functional theory for mate­

rials that can be described by a smaller 

number of atoms ( < 1000). About 60 peo­

ple attended th is series of talks. In princi­

ple the following morning was free, but 

about 15 people chose to do tutoria ls on 

molecu lar dynamics simulations or phonon 

calculations. 

The workshop itself started on the Wednes­

day afternoon (September 15) and lasted 

for 3 days, finishing on the Saturday morn-



ing (September 18). Abou t 100 people 

attended the workshop, about one-third 

wanting to give talks, one-third present­

ing posters and the rest just came to learn. 

Finally 24 talks, of which 11 were invited, 

were retained. Since the workshop was 

method-based, a wide range of subjects 

was covered including materia ls, guest­

host systems, liquids and glasses, phonons 

and vibrations, magnetism, polymers, bio­

logical systems and mesoscale systems. 

Whereas in 1998 the density of numeri­

cal results was relatively low due to the 

computational power available at the time, 

extremely thorough numerical studies 

were presented at N2M2. In particular, 

the ability to perform a large number of 

first principles calculations using OFT was 

noticeable. These calculations not only 

allow geometries and forces to be calcu­

lated accurately, but also electronic prop­

erties such as densities of states, elec­

tron-phonon coupling, spin densities and 

exchange interactions. In most cases, 

freely-available computational codes were 

being used for both force field and OFT­

based simulations. In all talks the comple­

mentarity of simulations and experiment, 

and the need for both, was stressed. A 

high level of agreement between simula­

tion and data gave clear insight into the 

behaviour of physical systems, but in one 

notable case, a lack of agreement was 

used to highlight problems with the sam­

ples used in the experiments. Experiments 

involve many effects, not all of which are 

known . Simulations involve a known set 

of physical phenomena, but which may not 

be complete. 

The talks from the school were printed 

and bound and constitute a useful refer­

ence for newcomers to numerical simu­

lations. An abstract booklet was produced 

for the workshop but there were no pro­

ceedings. Instead we plan to collect 

together full research articles in a special 

issue of the journal "Chemical Physics" to 

be published in early 2005. 

The N2M2 event took place almost a year 

after the closely-related Computation Lab 

(C-lab) project was initiated. This project 

aims to improve access to numerical mod­

elling software and know-how for neutron 

users by centralising hardware, software 

and manpower close to the experiments. 

Training and transfer of competence to 

home labs are key goals of the project. The 

manpower will be provided mainly by the 

C-lab partners in the form of thesis stu­

dents and post-docs, the infra-structure 

will be provided by ILL. The success of the 

N2M2 workshop is a strong indication 

that people want to embrace new com­

putational methods to get greater insight 

into physical systems. The C- lab is the 

mechanism being put in place by ILL that 

will help and encourage neutron users to 

make their first steps into the modern 

world of research based on experiments, 

theory and simulations. 

Symposium in honour of Roland Curra 
Impassible as ever, he's taking off, 

having provided a good fraction of a cen­

tury of loya l good service. He has got us 

al l used to his dependable presence, his 

meticulous reading and re-reading of 

texts, his smiling humour and suddenly he's 

up and away. Why now? Well, because 

it's time. 

Time to move on, to leave behind those 

incommensurate little objects, fascinating 

phase transitions, magical three-axis 

devices, time to take stock, and to devote 

time perhaps to the more advanced 

aspects of relaxation, eyes fixed on higher 

peaks. 

A good fraction of a century at ILL? Well, 

yes - Roland joined the ILL over a third of 

a century ago! 

He was amongst those who established 

ILL's instrumentation, and he has made a 

clear contribution to the lnstitut's scien­

tific reputation. Roland was awarded the 

Prix Ancel by the French Physical Society 

in 1989 for his work on the dynamics of 

Roland Currat, one of the ILL Mousquetaires and 

leader of the Three Axis Group. retired ,n March. 

one hundred and eighteen I one hundred and nineteen 



incommensurate phases, and he became 

an acknowledged expert in the dynamics 

of phase transitions. He was able to attract 

a whole community of users to the ILL, 

introducing them to the beauty of reso­

lution functions and the deeper myster­

ies of crystal symmetry - not to speak of 

the finer subtleties of coinchel 

To thank Roland for his many contributions 

to the ILL, a symposium in his honour was 

organ ised on 15 October. The meeting 

included invited presentations and it was 

closed by a dinner at the "Clos du Chateau", 

in Goncelin. 

Roland's path crossed that of many an 

ILL character (too many to mention in th is 

Medium Pressure 

brief tribute!) and throughout his time at 

the ILL he has never lost his genial bon­

homie, nor his calm and even temper. 

Many thanks, Roland, for your talents, 

your good humour, and your constant 

attention. Fortunately for us all you will still 

be around to share in other (scientific) 

adventures. 

advances for Neutron Scatterin MPa4) 
The international workshop 
on Medium Pressure advances for Neutron 

Scattering (MPa4NeutronS) was held at the 

ILL from 20 to 23 October 2004. It was 

attended by about 90 scientists from 

Europe, the USA, Australia and Japan, 

working in scientific and technical fields 

related to neutron scattering in the 

medium pressure range (0-35 kbar). The 

objective of the workshop was to empha­

size the uniqueness of the information 

provided by neutron scattering in a pres­

sure range known to be technically diffi­

cult to explore. During the different ses­

sions, ora l or poster presentations allowed 

to identify the scientific cases related to 

Physics, Materials Science, Geophysics and 

Bioscience under pressure. Technica l 

aspects, particular to medium pressure, 

were also thoroughly discussed. As an 

immediate consequence, new collabora­

tions emerged, related either to the exist-

Gregory Chaboussant (LLB. Saclay France) debat­
ing the pressure effects on magnetism with Lou,s­
P,enre Regnault (CRG CENGrenoble) and Hannu 
Mutka (ILL). 

ing high pressure expertise ava ilable in 

neutron centres or to the development 

of techniques like the new "large volume" 

cells. This event was directly and jointly 

organised by the Universite de Rennes 1, 

the lnstitut Laue Langevin and its Collab­

orating Research Groups of the 

CEA/Grenoble, the La boratoire Leon Bril­

louin, and the Centre National de la 

Recherche Scientifique. It has also received 

the support of NMl3 -the integrated Infra­

structure Initiative for Neutron Scattering 

and Muon Spectroscopy-, of !SIS - the 

UK pulsed neutron Et muon source-, as well 

as of the Region Rh6ne-Alpes and the 

city of Grenoble. 

The detai led programme is available on 

http://www.ill.fr/Events/MPN/. 
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Users and science 

Katia jenkns ,ind Giovanna Cicognani (User Office) dunng the ILL Users 
1..:offee Break 

P1sabeth Black.burn discuss1rg her pi-o thes,s wrt!-- Ted Forgan. 

one hundred and twenty I one hundred and twenty-one 

Nolwern Kemavanois, busy with College SB proposals. 

Valery Nesv1zhevsky and •~oide Harb1ch, shan:"lg a well deserwd 
cup of coffee 
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experimental & user programme 

List of instruments - January 200s 

D1A (500/o) 
D2B 
03• 
D4 (500/o with IN1)* 
D7 
09• 
D1 0 
D11 
D16 
D17 
D19 
D20 
022 
IN1(500/o with D4)* 
IN3 
IN4 
INS 
ING 
INS 
INl0 
INll 
IN14 
IN16 
IN20 
PF1 
PF2 
PNl 
PN3 
SALSA 
VIVALDI 

• hot neutron instruments 

ADAM 
BRISP 
DlA 
D1B 
D15 
D23 
cl/A 
IN12 
IN13 
IN22 
S18 

ILL's instruments 
powder diffractometer 
powder diffractometer 
single-crystal diffractometer 
liquids diffractometer 
diffuse-scattering spect rometer 
single-crystal diffractometer 
single-crystal diffractometer 
small-angle scattering diffractometer 
small momentum-transfer diffractometer 
reflectometer 
single-crystal diffractometer 
powder diffractometer 
small-angle scattering diffractometer 
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 fundamental physics 
ultracold neutron source for fundamental physics 
fission product mass-spectrometer 
gamma-ray spectrometer 
strain analyser for engineering application 
therma I neutron Laue diffractometer 

CRG instruments 
reflectometer 
Brillou in spectrometer 
powder diffractometer 
powder diffractometer 
sing le-crysta l diffractometer 
single-crystal diffractometer 
reflectometer 
three-axis spectrometer 
backscattering spectrometer 
three-axis spectrometer 
interferometer 

Jointly funded instruments 

D821 (500/o) single-crystal diffractometer operational CTl , CT2 
with EMBL S42 

LADI (500/o) Laue diffractometer operational T3 
with EMBL T13A, C 

IN15 spin-echo spectrometer operational T17 
with FZ JOlich and HMI B~rlin 

one hundred and twenty-two I one hundred and twenty-three 

operationa l 
operational 
operationa l 
operational 
operationa l 
operational 
operational 
operational 
operationa l 
operational 
operational 
operational 
operational 
operational 
operational 
operational 
operational 
operational 
operational 
operational 
operationa l 
operational 
operationa l 
operational 
operationa l 
operational 
operationa l 
operational 
under construction 
operational 

CRG-B operational 
CRG-B under development 
potentia l CRG 
CRG-A operational 
CRG-B operational 
CRG-B commissioning 
CRG-C operational 
CRG-B operational 
CRG-A operational 
CRG-B commissioning 
CRG-C operational 

Test beams 
detector test facil ities 
Laue-crystal al ignment facility 
neutron optics test facility 
monochromator test facility 
cold neutron test facility 
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experimental & user programme 

User operation 
within the Visitors Club, which uses 

a web-based interface to the SCO 

Oracle database. 

Extensive information about the 

ILL its facil ities and application for 

beam-time is available on our web­

site (at http://www.ill.frn. 

Proposal submission 

G. Cicognan i (ILL} 

The ILL User Support is there to 

assist all our users. If you are coming to the 

ILL to carry out experiments, the User Office 

is here to give you the organisational and 

administrative support you need for the 

successful operation of your experiments. 

Neutron beams and instrument facilities 

are free of charge for proposers of accepted 

experiments. Scientists affiliated to ILL mem­

ber countries will also, in general, be assisted 

with necessary travel and daily subsistence 

for a limited period. The User Support Team 

makes all arrangements for accommodation 

and will process claims for expenses after 

you have completed your experiment. 

There are three different ways to 

submit a proposal to the ILL: 
Christian Vett1er - Head of the Soence D 1v1sion - discussing wrth 

Jean-Pierre Samama (Chauman of Subcommrttee 8. Biology). 

The ILL Visitors Club 

All administrative tools for our scientific 

visitors are now grouped together and 

directly accessible on the web, thanks to 

the Visitors Club. All information is pre­

sented in a user friendly environment. After 

having logged in with your own personal 

identification', you will access directly all the 

available information which concerns you. 

Users with particular responsibilities have 

privileged access to other tools, according 

to their role. The ILL Visitors Club includes 

the electronic proposal and experimental 

report submission procedures and makes 

available additional services on the web, 

such as acknowledgement of receipt of pro­

posals, subcommittee results, user satisfac­

tion forms and so on. Moreover, we have 

introduced an Electronic Peer Review of the 

proposals submitted, with an appl ication 

1 - If you are not yet registered in the Visitors 

Club and you wish to join it, you can register 
on the ILL web site (www.ill.fr) or directly at 
http:/ /vi tra i II.i I1.fr/cv/. 

• standard submission of a research 

proposal - twice a year (in the first and 

third quarters). 

• Director's Discretion Time (DDT) - no time 

restriction. 

• Special access for proprietary research 

and industrial users. 

Submission of a standard 

research proposal 

Applications for beam time should be sub­

mitted electronically, via our Electronic Pro­

posal Submission system (EPS), available 

on the Visitors Club web-site. Proposals can 

be submitted to the ILL twice a year, usu­

ally in February and September. The web sys­

tem is activated two months before each 

deadline. 

Submitted proposals are divided amongst 

the different col leges, (see indent) accord­

ing to their main subject area. 

Proposals are judged by a Peer Review Com­

mittee of the Subcommittees of the ILL Sci­

entific Council. Subcommittee members are 

special ists in re levant areas of each College 

and they evaluate the proposals for scien­

tific merit, assigning priorities and beam 

time to accepted proposals. 

Before the meeting, the subcommittee 

one hundred and twenty-four I one hundred and twenty-five 

receives a Report on the technical feasibil­

ity and safety of a proposed experiment 

from the appropriate College at the ILL Two 

proposal review rounds are held each year, 

approximately six weeks after the dead­

line for submission of applications. 

There are normally 4.5 reactor cycles a year, 

each of which lasts 50 days. 

The ILL scientific life is organise 
into 10 colleges 
• College 1 - Instrumentation 

• College 2 - Theory 

• College 3 - Nuclear and Particle Physics 

• College 4 - Structural 
and Magnetic Excitations 

• College SA - Crystallography 

• College 58 - Magnetism 

• College 6 - Structure and Dynamics 
of Liquids and Glasses 

• College 7 - Materials Science, Surfaces 
and Spectroscopy 

• College 8 - Structure 
and Dynamics of Biological Systems 

• College 9 - Structure 
and Dynamics 
of Soft-condensed Matter 



industrial 

companies, 

and pro­

vides a spe­

c i a Ii s e d 

staff. The 

ILCGroup is 
One of the Subcommittees of the ILL Scientific Council (College SB) 
evaluating the submitted proposals. 

in fact composed of scien-

Proposals submitted for the February dead­

line and accepted will be attributed beam­

time for the second half of the year; those 

submitted for September and accepted, for 

the first half of the following year. 

More detailed information on application for 

beam-time and dead-l ines are given on our 

web-site at 

http ://www.i11.fr/ pages/ science/User/Li Pro­

posals. htm. 

Submission of a proposal to the 

Director's Discretion Time (DDT) 

This option allows a researcher to obtain 

beam time quickly, without going through 

the peer-review procedure. DDT is normally 

used for hot topics, new ideas, feasibility tests 

and to encourage new users. Applications 

for Director's Discretion Time can be submit­

ted to the Head of the Science Division, Dr. 

Christian Vettier, at any time. 

During the major refit programme of the llrs 

reactor spanning the 2003-2005 period 

(see p. 130) - OTT has been suppressed to 

enable us to offer a larger fraction of the 

avai lable beam time to users, compared to 

what was achieved before. 

Access for proprietary research 

and industrial users 

The llrs mission is to provide neutrons for both 

public and industrial research. Our Industrial 

Liaison and Consultancy Group (ILC) ensures 

rapid access and total confidentiality to 

tists with considerable 

experience and expertise in neutron tech­

niques applied to industrial R&D, and it 

facilitates and co-ordinates all aspects of 

industrial R&D at the ILL: initial enquiries, 

contractual questions, planning, experimen­

tal operations. All industrial research pro­

grammes are confidential and can be organ­

ised at short notice. To apply for propri­

etary beam time, please contact the ILC at 

industry@ill.fr or consult the web site 

under http://www.ill.fr, Industrial Use. Fur­

ther information on industrial use of neu­

trons is given on p. 130. 

Experimental reports 

Users are asked to complete an experimen­

tal report on the outcome of their experi­

ments. Fol lowing a recommendation of the 

ILL Scientific Council, the submission of an 

experimental report is now compu lsory for 

every user who obtained access to ILL beam 

time. Failure in doing so will lead to rejec­

tion in case of application for beam time for 

a continuation proposal. 

All ILL Experimental Reports are now soft­

ware-archived and accessible via the web 

server as PDF files (under http://www.ill.fr, 

Publications). You can search a report by 

experimental number, instrument, college, 

date of experiment, title, experimental team 

or local contact, institute. 

Experimental reports of experiments per­

formed in 2004 are included in 

the attached CD-ROM. 

Out of Hours Support 

We have actively strengthened the level of 

technical support outside of working hours. 

To date Out of Hours Support (OHS) has been 

implemented within the Instrument Control 

Service, the Detector Service and the Sam­

ple Environment Service. 

Deuteration Laboratory 

In 2002, a common ILL)EMBL deuteration 

laboratory has been made available to exter­

nal users. The aim of the laboratory is to pro­

vide a focus for European scientists wish­

ing to make their own deuterated materi­

als for neutron scattering or NMR experi­

ments. Information about the availability of 

this facility to external users is given on the 

ILL web-site (http ://www.ill.fr, Users & Sci­

ence, user Information, Proposal Submission). 

Please contact the Head of the Deuteration 

Facility, Dr Michael Hartlein (haertlein@ill.fr) 

for further details. 

Facility for Materials Engineering 

The joint ILL-ESRF Facility for Materials Engi­

neering (FaME38) is now available to users 

(see also this Annual Report, p.46). A range 

of support is provided by the FaME38 team, 

from advice with experiment proposals to 

advanced sample metrology. In particular, 

FaME38 works with users to optimise the 

experimental methodology before the start 

of an experiment This takes the form of stan­

dardised specimen mounting, digitisation of 

samples, definition of measurement macros 

and liaising with the instrument responsi­

ble. It is recommended that users arrive at 

the ILL a day or two prior to the start of an 

experiment to enable these off-line prepa­

rations to be performed. The extra subsis­

tence costs may be available from SCO if 

requested beforehand. More information 

about this support may be found on the 

Fa ME38 website (www.ill.fr/FaME38). 



Feedback from our Users 
The ILL welcomed 1104 users in 2004. 

Approximately 880/o came from the mem­

ber countries including 281 from France, 198 

from Germany and 239 from the UK (fig ­

ure 1). Many of our visitors were received 

more than once. 

that day are invited to an informal meeting 

with the ILL Directors, the User Support 

Office and Group Leaders of both the Sci­

ence and the Project and Technique Divisions. 

The objective is to obtain important feed­

back on the quality of the instruments and 

services at the ILL 

We value feedback from our users as an 

indicator of how well our facility is fu lfi ll­

ing their needs and to initiate actions when 

this is not the case. Therefore, we regularly 

organise User Forums. Users who are on-site 

We very much appreciate the enthusiasm 

and cooperation of our users in giving their 

views, on such topics as instrument upgrad­

ing and implementation, new 

sample environment and instrumentation, 

quality of the Restaurant and the Guest 

Aut Ch Cz 
2% 4% 

Figure I: National affi liation of ILL users during 2004. 
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Figure 2: User satisfaction survey results (year 2004), 1n %. 
• The source rehab1lrty has been calculated from table 3 (p. I 30). 

60 

one hundred and twenty-six I one hundred and twenty-seven 

80 100 

House, and so on. Every effort will be made 

to implement suggestions. 

Alejandro Sanz (University A. De Henares). a happy 
user at the ILL 

The present system of User Feedback Forms, 

the User Satisfaction Form, now dealt with 

electronically, is another measure of gath­

ering the opinion of our users in order to 

ra ise a mirror up to ourselves. Users who 

have just finished an experiment at the ILL 

are asked to complete the questionnaire 

and to give us their views on different top­

ics. User comments and solutions are entered 

into a database and summarised for the 

ILL Directors, the User Support Office, Group 

Leaders and Instrument Responsibles. 

Levels of satisfaction are in general high. Fig­

ure 2 reports the results of the survey dur­

ing 2004 and shows in most cases very 

high satisfaction (between 80 and 900/o). 



Instruments 
The instrumental facilities at 

the ILL are shown in the schematic diagram 

on p. 123. 

Besides the 25 ILL instruments, there are 

9 CRG-instruments, which are operated by 

external Collaborating Research Groups. 

There are currently three different cate­

gories of CRG instruments. 

CRG-A in which the external group leases 

an instrument owned by ILL They have 

500/o of the beam time at their disposal and 

for the remaining 500/o they support ILL's 

scientific user programme. 

The CRG-B category owns their instrument 

and reta ins 700/o of the available beam 

time, supporting the ILL programme for the 

other 300/o. 

Finally, CRG-C instruments are used full 

time for specific research programmes by 

the external group, which has exclusive use 

of the beam. 

DB21, LADI and IN15 have a special sta­

tus, since they are joint ventures of the ILL 

with other labora tories: in the case of 

DB21 and LADI with EMBL and for IN 15 

with FZ Julich and HMI Berlin. 

The list of instruments as of December 

2004 is summarised below (CRG instru­

ments are marked with an asterisk*): 

• powder diffractometers: 01A, 01 B*, D2B, 

020, SALSA 

• liquids diffractometer: D4 

• polarised neutron diffractometers: D3, 023* 

• single-crystal di ffractometers: D9, 010, 

015* 

• large-scale structures diffractometers: 

019, DB21, LADI, VIVALDI 

• small-angle scattering: D1 1, D22 

• low momentum-transfer diffractometer: D16 

• reflectometers: ADAM*, D 17 

• diffuse scattering and polarisation analy­

sis spectrometer: D7 

• three-axis spectrometers: IN1, IN3, IN8, 

IN12*, IN14, IN20, IN22* 

• time-of-flight spectrometers: IN4, INS, 

IN6 

• backscattering and spin-echo spectrom­

eters: IN10, IN11, IN13*, IN15, IN16 

• nuclear physics instruments: PN 1, PN3 

• fundamental physics instruments: PF1, 

PF2 

The reflectometer EVA and the interferom­

eter S 18 are CRG-C instruments and they 

are normally not available as a 'user' instru­

ment, although some beam time is made 

available for prototype tests of USANS on 

S18. 

Details of the instruments can be found 

on the web under http://www.ill.fr (Users 

& Science/ Instrument groups & Theory). 

Beam-time allocation & utilisation for 2004 
Overall, the Subcommittees of the Sci­

entific Counci l scrutinised 963 proposals 

requesting 7085 days for 2004, out of which 

650 proposals received beam time, allocat­

ing 3707 days of beam time on the differ­

ent instruments. In 2004, the member coun­

tries of the ILL were: France, Germany, UK, 

Spain, Switzerland, Austria, Italy, the Czech 

Republic and Russia. The distribution of 

beam-time requested and allocated amongst 

them is shown in table 1. 

In calculating the statistics of beam-time per 

country, shown in table 1, the attribution is 

based on the location of the laboratory of 

the proposers, not their individual nation­

ality. For a proposal involving laboratories 

from more than one member country, the 

total number of days is divided amongst the 

collaborating countries, and weighted by 

the number of people for each country. 

When a proposal involves collaboration 

with a non-member country, the allocated 

time is attributed entirely to the collaborat­

ing member country (or countries). and 

weighted by the number of people for each 

member country. When ILL scientists are 

proposers or co-proposers, the allocated 

ILL time is attributed to the member coun­

tries according to their financial contribu­

tions to ILL Local contacts are not counted 

as proposers except when they are mem­

bers of the research team. 

The distribution of beam time for these 

Table I : D istnbutJon amongst the Associate and scientific-member countries o f beam-t1me requested and 

allocated in 2004 dur ing t he Subcommittees of the Scientific Council. 

AUT 133.68 1.89 42.24 1. 13 41.53 1. 12 
CH 240.27 3.39 151.34 4.04 150.01 4.05 

cz 67.64 0.95 43.38 1.16 45.08 1.22 

D 1712.07 24.17 997.53 26.65 996.77 26.89 
E 379.70 5.36 203.05 5.42 200.94 5.42 
F 1974.42 27.87 981 .17 26.21 972.89 26.24 

GB 1704.69 2406 987.66 26.39 984.90 26.57 
I 304.49 4.30 158.34 4.23 153.92 4.15 

RUS 567.77 8.01 178.54 4.77 160.97 4.34 

■■■-i-i:;ttal Rftfa rn•f•M tNM•■ lt!tll 
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Figure 3: Beam-t ime allocation in 2004: distr ibution amongst the d ifferent research a,-eas and colleges (see p. 124). 

experiments amongst the different research 

areas and colleges is shown in figure 3. 

A more complete view is given in table 2. 

Request and allocation of beam time - as 

well as the number of scheduled experiments 

- refer to standard submissions to the sub­

committee meetings. The effective num-

ber of days given to our users takes into 

account also Director's Discretion Time (DDT] 

and CRG's time for CRG instruments. 

The instruments D4 and INl share a beam. 

Note that PF2 consists of 5 different set-ups 

allowing several experiments to run simul­

taneously. Normally, for official statistics 

Instrument performance 
Table 2 also gives a summary of 

instrument performance for 2004. For each 

cycle, a record is kept of any time lost from 

the total avai lable beam-time and the rea­

sons for the lost time are analysed for all the 

instruments. The table gives a global sum­

mary for the year. 

Overa ll 4977 days were made available to 

Internal 
t ime 

2% 

Losses 
4.5% 

Figure 4: Use of ILL beam time. 

our users in 2004 on ILL and CRG instru­

ments, which represents about 800/o of the 

total days of operation. 126 days were used 

by ILL scientists to carry out their own sci­

enti fic resea rch. Abou t 140/o of the tota l 

beam time avai lable on the ILL instruments 

is allowed for tests, calibrations, scheduling 

flexibility, minor breakdowns recuperat ion. 

one hundred and twenty-e ight I one hundred and twenty-nine 

[as for table 1) the total number of days 

requested and allocated is averaged by a fac­

tor 5. However, in table 2 we report the 

total number of days delivered to users [col­

umn 5) on all the 5 instruments (EDM, MAM, 

TES, UCN, VCN), i.e. 740 in total. 

Totally, 687 experiments were scheduled. 

During 2004 the reactor operated for 3.0 

cycles, representing 150 days of neutrons, 

instead of the 4.5 cycles norma lly foreseen 

[see § Reactor Operation, p. 130). 

In 2004, about 284 days were lost due to va r­

ious ma lfunctions, wh ich represents less 

than 50/o of the total avai lable beam-time. 

Reactor 
1% 

Detectors 2% Computing 7% 

Figure 5: Origin of beam time losses 



The breakdown by reasons for beam time 

losses is shown in the figure 5. 

Deta iled comments on the larger beam­

time losses (20 days or more) are as follows: 

• IN 15 lost one week because of a big power 

supply breakdown and 2 weeks because of 

a selector failure; 

• PN3 lost 12 days for the replacement of 

the broken target changer and 10 days 

because of electronics failure; 

• VIVALDI had various minor problems and 

then it lost 11 days for a read-head motor 

failure and 5 days for an intermittent fault 

in motor drive. 

Instrument Days 
requested - . _,awu.a-

,ll[),AM 7 1 47 9 
DIO 178 120 16 
D I I 200 107 55 
DIS 33 39 6 
Dl6 140 106 20 
D l7 222 110 32 
Dl9 98 88 9 

DI A 121 99 26 

DIB 124 69 24 
D20 248 120 56 

D22 281 96 45 

D23 75 50 6 
D2B 204 109 47 

D3 177 108 11 
D4 142 49 10 

D7 161 70 8 
D9 126 95 11 

DB21 77 77 3 

EVA 34 8 I 
INI 176 62 11 
INI0 39 90 12 

INI I 243 103 15 

INl2 60 38 4 

INl3 151 51 9 
INl 4 262 119 16 
INIS 220 68 8 
INl6 320 115 24 

IN20 271 101 16 

IN22 139 40 s 
IN3 27 51 6 
IN4 177 122 27 

INS 255 115 28 
IN6 223 110 26 

INS 318 122 20 

LADI 141 102 7 

PF I 209 50 2 

PF IB 397 150 2 

PF2* 189 150 12 

PNI 187 120 9 

PN3 250 145 8 
VIVALDI 135 116 25 

Total 7 101 3 707 687 

Percentage of the total available beam time 
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Table 2: Beam-time request/a llocation (via standard subcommittees and DDT altogether) by inst1·ument and instrument performance. CRG instruments are in italic 
and green. 
I - days allocated' refers to only those days reviewed by the subcommittees (i.e., excluding CRG days and DDT). 

2- days used' refers to the total number of days delivered to users (i.e .. including CRG days for CRGs and DDT). 
• PF2 consists of 5 different set-ups where several experiments are running simultaneously. 



P. Lindner, T. Pirling 
and T. Hansen {ILL) 

Industrial use of neutrons 
Industrial beam time sales have 

remained stable in 2004: a total of 8 days 

(2003: 7.5 days) were contracted for pro­

prietary research in 5 different experi­

ments (2003: 3 experiments). This year 

again, small-angle neutron scattering has 

been used exclusively, with 7 days at D11 

and 1 day at D22. 

The main activity in commercial research 

remains the investigation of irradiated 

reactor steel samples, a field where UK 

and French companies have actively been 

using ILL's unique SANS facilities for many 

years. Chemical and cosmetics industries 

are further sectors where our customers 

find valuable results and where the use­

fulness of neutron techniques for appl ied 

and industrial research is established. 

From June 2005 on, stress measurements 

will be performed on the new instrument 

SALSA (Stress Analyser for Large and Small 

scale engineering Applications). It replaces 

The small-angle instrument DI I. which provided 7 days beamtime for industrial research 1n 2004. 

the stress option on the high-resolution 

powder diffractometer D 1 A. SALSA 

provides much higher flexibili ty for sam­

ple manipulation thanks to the hexapod 

sample stage, a robotic system with 6 

degrees of freedom. It now allows sample 

positioning in translation and tilt with 

1 /100mm precision for samples of up to 

500kg weight and dimensions up to 1.5m. 

(More details on p.100) 

A latest industrial experiment on D1A­

(stress option) was the determination of 

stress variations in fuel providing tubes for 

the ARIANE rocket. Thanks to the high 

instrumental resolution it was possible to 

perform measurements in the only 0.6mm 

thick Ni-al loyed walls. 

Further information is available on our 

web page www.ill.fr/ industry. 

Reactor operation H. Guyon (ILL) 

Following the ten-year safety 

review of the ILL's High Flux Reactor car­

ried out at the meeting of the Groupe 

Permanent in May 2002, the Institute 

- Start of cycle 

13 Apri l 04 

11 June 04 

decided to launch a major refit programme 

in order to ensure compliance, among 

other things, with changes in seismic reg ­

ulations. The bulk of the work involved in 

the programme is scheduled to be carried 

out between 2003 and 2005, during which 

time reactor operation is to be based on 

three reactor cycles per year. 

Number of 
EFPDS ' 

operation 

Number of 
EFPDS' 

scheduled 

Number of 
unscheduled 
shutdowns 

0 
ooe 12 hour stoppage 

due to loss of olfsrte po,,er-

137 

138 

139 

25 February 04 

22Apri l 04 

22june 04 11 A ugust 04 

48 

so 
so 

so 
so 
so 

45.6 

45.2 

45.2 

45.2 

45.2 

45.2 0 

Total --- -Table 3: Three reactor cycles (corresponding to I 50 days of operation) were scheduled for sc1ent1f1c work in 2004.These cycles ran according to schedule. 

1 -EFPDS : Equiva lent Full Power days. 

one hundred and thirty I one hundred and thirty-one 



In addition to preliminary reinforcement 

work, this three-cycle schedule made it 

possible to complete a number of impor­

tant operations: 

• Three new beam tubes (H8, H3 and H4) 

were fitted in place of the three beam 

tubes removed in 2002, making it possi ­

ble to reinsta ll the instruments IN 1, 04, 03 

and 09. The neutron fl ux perfo rmance of 

the hot source and beam tubes is now even 

higher than before. 

• Two safety rods were re placed in accor­

dance wi th the maintenance program me. 

• Three fu rther beam tubes were replaced 

at the end of the year: IH 1, IH4 and H9. The 

H9 bea m tube is now made of zircaloy, a 

material which behaves in such a way 

under neutron irradiation that the beam 

tube will never have to be replaced again, 

thereby reducing dose rates due to ma in­

tenance work. 

A detritiation campaign was conducted in 

2004 with the aim of achieving a major 

reduction in the leve l of tritium contam­

ination in the primary heavy water circuit. 

This will faci li tate ma intenance opera­

tions on this circui t and means tha t 

another detritiation campaig n will not be 

necessary until 2008. At the end of the 

2004 campa ign, around 20 g of tr it ium 

were transferred to the CEA. 

In compliance with the legislation appl i­

cable to our installation, reactor operations 

and maintenance work in 2004 gener­

ated the leve ls of waste and effluents 

reported in table 4. 

Radioactive waste removed 
from the site in 2004 

Decay containers ( 60 I)* 

5 m' containers (low-level waste) 

I O m' containers (low-level waste) 

200 I drums of compactable (low-level) waste 

I 18 I drums of incinerable (low-level) waste, 
e.g. gloves, overboots, etc. 

200 I drums of" incinerable" (low level) waste 

200 I oil drums (low level waste) 

Quantity 

4 

2 

27 

4 

44 

5 

•The waste placed in decay contai ners is st il l too active and must be held in inte ri m storage fo r a num­

ber of years before it meets the specificati ons for being accepted by ANDRA (Na tional Agency fo r the Man­

agement of Rad ioactive Waste) as intermed iate- level waste. 

Gaseous effluents 

Rare gas (TBq) 

Tritium (TBq) 

Gaseous halogen and aerosols (GBq) 

Liquid effluents 

Activation products, except tritium (GBq) 

Tritium (TBq) 

Quantity released in 2004 

8.3 E -01 

1.9 E +01 

2.7 E -02 

Quantity released in 2004 

1.2 E-01 

I.I E-0 1 

Table 4: Level of waste and effluents generated 1n 2004. 

In order to satisfy as effectively as possi­

ble the commitments and recommenda­

tions made following the meeting of the 

Groupe Permanen , the ILL set up a new 

structu re in 2002 known as the "Refit 

Management Committee". Made up of 

en gineers and techn icia ns both from 

within the ILL as well as from outside 

companies, this group completed a large 

number of studies and related tasks in 

2003. 

Following a major study phase, the struc­

ture of the group is now evolving to al low 

it to prepare for the necessary work, in 

close co llaboration with the operational 

groups of the Reactor Division. In 2004, for 

example, the following work was com­

pleted: 

Deconstruction of ha lf the buildings 

located on the upper level (level D) of the 

reactor build ing, representing a mass of 

almost 500 tonnes. This has given access 

to the reinforced concrete containment of 

the reactor, thus making it possible to 

begin work on connecting the floor on 

level D to the containment. Once this 

work is completed, the floor will be ade­

quately supported by the containment 

and all the components of the reactor 

bui lding will be capable of resisting a safe 

shutdown earthquake, as defined in the 

most recent sa fety reg ulations. 

A number of safety dri lls were organised 

during the course of the yea r, in particu ­

lar in cooperation with the public author­

ities. The ILL also took part in a series of 

public meetings at wh ich the public infor­

mation document on major ri sks, known 

as the DICRIM (Dossier d' lnformation Com­

muna l sur les Risques Majeurs), for each 

of the towns of Fontaine, Grenoble and 

Saint-Egreve was presen ted. At these 

meetings, the ILL gave a brief presentation 

of its activities and invited pa rticipants 

to come and visit the site. 



Comings and goings 

Anne ::>ale Joined t. 1e User Offic.e Tea.""1 , Septernbe 

Marc I 1cate1,1 left th€' L afte, IT'OrE' !h;:.n 10 rar~ 
of .;y._ 1r ::! v..ilu IE serv c.e. 

one hundred and thirty-two I one '1undred and thi•ty-three 

Roland CL ·ra. Thr'f'e ax,~ group leader ~tired .:ifter 0ver a th11 
of I c.ertury at t"e ILL 



facts& 

Name L gevin (ILL) 

Commissariat a l'Energie Acomique (CEA) 

entre National de la Recherche Scientifique (CNRS) 

Ger any 

Forschu gszentrum Julich (FZJ) 

-----------Unite Kingdom 
Eo cil for the Central Laboratory of the Research Councils (CCLRC) 

Countries with Scientific membership 
pa· 
Mini~ 

Switzerland 

·on y Ciencia (MEC) 

Bundesamt fur Bildung und Wissen 

Italy 

lstituto Nazional -e-F-la-1=.isiGa-Elelffl ateria (INFM) 

Consiglio zionale delle Ricerche (CNR) 

Russia 

Federal Agen 

MENI (Middle European Neutr Initiative) Consortium, composed of 

Austria: Osterreichische Akademi der Wissenschaften 

Czech Republic: Charles Unive icy of Prague 

Sweden (as from I Januar: 005) 

Swedish 

Staff 
427 peo • 

283 Fren ntific memb I s. 



facts & f,gures 

Organisation chart - December 2004 

SCIENCE 
DIVISION 

C. Vettier 

DIRECTOR 

C. Carlile 

(Associate Director) 

THEORY SCIENTIFIC SUPPORT NUCLEAR and 
and COORDINATION PARTICLE PHYSICS 

E. Kats 

SENIOR 
ILL FELLOWS 
F. Tasset 
J. Zaccai 

SCIENTIFIC 
COMPUTING 

M. Johnson 

INDUSTRIAL 
LIAISON 

and CONSULTANCY 

P. Lindner 
T. Pi rl i ng CAssistantl 

HEAD OF 
HEALTH PHYSICS 

J. Tribolet 

G. Cicognani H. Borner 

JOINT ILIJESRF DIFFRACTION 
LIBRARY GROUP 

V. Teissier A. Hewat 

LARGE SCALE 
STRUCTURE GROUP 

P. Timmins 

BIOLOGY/CHEM. 
LABORATORY 

THREE-AXIS 
SPECTROMETER 

GROUP 

J. Kulda 

TIME,OF.fLIGHT, 
HIGH RESOLUTION 

GROUP 

H. Schober 

DIRECTOR'S SERVICES 

SAFETY ENGINEER 

H. Schweitzer 

MEDICAL 

J.F. Trzmiel 

one hundred and thirty-four I one hundred and thirty-five 

PROJECTS and 
TECHNIQUES DIV. 

W. Press 
(Associate Director) 
R. Gahler (Deputy) 

NEUTRON DISTRIB., 
MECHANICS 

J. Beaucour 

INSTRUMENT 
CONTROL 

F. Descamps 

COMPUTING 

A Barthelemy 

NEUTRON-OPTICS 

K. Andersen 

DETECTORS 

B. Guerard 

SAMPLE 
ENVIRONMENT 

S. Pujol 

ASSISTANT TO 
THE DIRECTION 

A. Wright 

REACTOR 
DIVISION 

H. Guyon 
B. Desbriere 

(Deputy) 

SHIFTTEAMS, 
SITE SECURITY 

L. Brayer 

ELECTRICITY and 
ELECTRONICS 

L. Pacallet 

MECHANICAL 
SERVICE 

J. Bazin 

ADMINISTRATION 
DIVISION 

N. Konig 
D. Puttmann-Kneupner 

(Assistant) 

FINANCE 

Ph. Guerin 

PURCHASING 

B. Donnelly 

PERSONNEL and 
HUMAN RES. 

R. Mulot 

BUILDING and 
MAINTENANCE 

C. Bouton 

MANAGEMENT 
INFORMATION 

SYSTEMS 

M. Grevaz 

REFIT MANAGEMENT COMMITTEE 

F. Plewinski 



Budget 69.7 M€ (excluding taxes) 

Income (M€) 

■ from Associates 
from Scientific 
members 

D own income 

Scientific 
members 

own 
income 

57.7 

10.6 

1.4 

69.7 

Associates 

Expenditure (M€) 

82.78% ■ staff costs 

15.21 % ■ operating costs 

□ investment costs 
2.01 % ■ fuel cycle 
100% ■ Refit Programme 

Refit 

Investments 

Operations 

Distribution of ILL purchases 

Germany 

Bodies 

(M€, excluding taxes) 

■ France 

■ Germany 

□ United Kingdom 

■ Scientific members 

■ Others 

Scientific 
members 

Others 

Steering Committee, meeting twice a year 

16.51 77.4% 

1.80 8.5% 

0.60 2.8% 

1.03 4.8% 

1.39 6.5% 

21 .33 100% 

France 

Scientific Council with 8 subcommittees, meeting twice a year 

Reactor 58 MW, running 3 cycles in 2004 (with cycles of 50 days) 

Experimental Programme 

34.9 50. 1% 

11 .2 16.1% 

7.3 10.5% 

9. 1 13% 

7.2 10.3% 

69.7 100% 

687 experiments (allocated by subcommittees) on 25 ILL-funded and 9 CRG instruments 

I I 04 visitors coming from 32 countries 

963 proposals submitted and 650 accepted 

Scaff 



L~titia Rosselet. our smiling welcome to all ILL visitors. Christian De Reggi and Nicolas Gauthier sending out the Annual Report. 

The ILL hosts the sculpture by lpousteguy « Man accomplishing Unity ». Gingko Production (Metz) realised a 26 minute film for France 3-Lor­
raine and came to the ILL to film the statue, wich is the first monumental composition of the artist. 



publi,~tio 
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In 2004, the ILL received notice of 614 p~ blications by ILL staff and users. 

I 
I 
I 

I 
The distribution by subject is as fol lows: 

• 32 in Biology 

• 53 in Chemistry 

• 17 in Engineering 

44 in Liquids and Glasses 

• 17 6 in Magnetism 

• I 07 in Materials 

• 60 in Methods and Instrumentation 

• 26 in r<Juclear Physics 

• 21 in Physics 

• 78 in Soft Condensed Matter 
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CD-rom (Mac/PC) 
"Exploring matter with neutrons" 

The CD-ROM "Exploring matter with neutrons" presents the many aspects of neutron science and tech­

niques through about 1700 screens, several thousand pictures, animations and videos. It is part of the 
NANOPOLIS™ encyclopedia series covering: synchrotron light (tome I), neutrons (tome 2) and nano­

technologies (tome 3). 

The CD-ROM "Exploring matter with neutrons" is divided into five chapters: 

Science the neutron and its properties, magnetism, fundamental physics, etc. 
Sources a description of the main neutron sources, 

Tools experimental methods for studying matter down to the atomic scale, 
Applications scientific and technological applications, 

Facilities pages provided by the main neutron facilities for their own advertising. 

This CD-ROM is mainly for teachers, students and scientists and even for the general public interested 

in science. It can be used either as a teaching tool or to discover the main aspects and the power of neu­
trons in research and the industry. 

Version I of the CD was released in autumn 2004 and version 2 is due for summer 2005.The CD is com­
mercially available from <http://www.nanopolis.net> with a special discount for partners. 

"Exploring matter with neutrons" is the result of a partnership between iMediasoft® <www.imediasoft.net> 

and several major neutrons facilities.The project was launched in 1998 following an initiative by the SFN 
<http://www.sfn.asso.fr>.The ILL is the main author and contributor but many other neutron facilities, 

universities, laboratories and industries collaborated or provided material. 

IMediasoft expects to release a new version each year and thus the contents of the CD will be regularly 
improved, augmented, modernized. New labs and facilities are welcome to join the team. 

Alain Fi/ho/ 

one hundred and th irty-eight I 
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