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Director’s word 

The Laboratoire Léon Brillouin LLB associated to the The Laboratoire Léon Brillouin LLB associated to the           ORPHEE reactor is the French source of neutron scatteringORPHEE reactor is the French source of neutron scattering  

THE  LABORATOIRE  LÉON  BRILLOUI N  (LLB)-OR PHÉE  REACTOR  I S  THE  FRENCH  NEUTRON  SCATTERING  FA-

CIL ITY . It is a research infrastructure supported jointly by the Commissariat à l’Energie Atomique et aux Energies Al-
ternatives (CEA/DSM) and the Centre National de la Recherche Scientifique (CNRS/INP) The objectives of the LLB/
Orphée, as defined in the French roadmap for large scale-infrastructures (LSI), are to perform research on its own sci-
entific programs, to promote the use of neutron diffraction and spectroscopy, to welcome and assist experimentalists. 
The LLB constructs and operates spectrometers that exploit the neutron beams delivered by the 14MW research reac-
tor Orphée.  

Over these last years, the LLB has conducted, on 
one hand, as a LSI, a renewal program of the 
instrumental suite and several international pro-
grams, and, on the other hand, as an Unité Mix-
te de Recherche (UMR 12),  the implementation 
of specific scientific axis in close relation with 
the French academic and industrial communities. 
The directorate reports yearly to a Steering 
Committee and to an International Council for 
Science and Instrumentation. The LLB benefits 
from the exceptional scientific environment pro-
vided by the 'Plateau of Saclay', which includes 
the synchrotron source SOLEIL and many re-
nowned Universities, research centers and engi-
neering schools, while respecting its national 
missions and links with other universities in 
France. It is one of the leading hubs for neutron 

scattering at the international level and a part of the European network of national facilities, (MLZ in Germany, ISIS in 
UK, PSI in Switzerland…) in the NMI3 project under the Seventh Framework Program of the European Union Com-

mission. 

As a national facility, beyond access to neutron users, the LLB provide  

(i) training and education (including maintaining links with universities);  

(ii) access  for industrial partner;  

(iii) exploratory studies and experiment preparation including development of instrumentation and methodology; 

(iv) provision of complementary capabilities, unique instruments and increased flexibility, 

(v) ensuring the transfer of expertise and supporting the emergence of innovative research programs taking full ad-

vantages of neutron scattering.  

These are enduring and complementary roles alongside international centers such as the Institute Laue-Langevin and 

other European facilities.  

Recently the LLB was invited to define and coordinate the instrumental and scientific actions of the French community 

in the construction of new instruments at the future European Spallation Source (ESS) at Lund (Sweden).  
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The Laboratoire Léon Brillouin LLB associated to the The Laboratoire Léon Brillouin LLB associated to the           ORPHEE reactor is the French source of neutron scatteringORPHEE reactor is the French source of neutron scattering  

In fall 2013, 19 instruments are distributed among three Instrumental Groups responsible for their operation and for 
providing expertise in data analysis, 2 are for tests and 4 under construction; all neutron scattering methods are or will 
be represented: Spectroscopy (Triple–Axis, Time-of-Flight, Spin Echo), Diffraction (Powder and Liquid, Single Crystal) and Large 
Scale Structures (SANS and VSANS, Reflectivity, Stress and Strain, neutron Imaging). The experimental support for running 
experiments and developing instruments is provided by four Technical Groups: Instrument Development, Sample Environ-
ment, Electronics, and Information Technology. Common Platforms have been implemented to ensure and support specific re-
search activities (Chemistry, Biology and Modeling).  

Several years ago, the LLB adopted an ambitious policy for instrumentation improvements and upgrades never under-

taken previously: the first step was done via the CAP2010 program, whose financing was mainly taken without specific 

support. It was a modest phase before a more complete renewal 

with the CAP2015 program extended with new projects until 

2017. With a limited financial support, in a few years, more than 

a half of the instruments were (or are going to be) put into ser-

vice after rejuvenation or creation, insuring an average gain in 

flux of a factor 15 by instrument  up to 27 with the current im-

provements until 2017.  

The research activities are cross-cutting the operational groups 

and are organized in three different areas covering a broad 

scope of science addressed by neutron scattering: - Magnetism 

and Superconductivity, - Materials and Nanosciences: Fundamental 

studies and Applications, - Soft Complex Matter. This distinction 

follows the obvious specific scientific areas, but it also accounts 

for the different ways to work in terms of collaborations, con-

tracts and publications, and their expertise in specific neutron 

scattering techniques. One should note that research at the LLB 

has a dual character as it encompasses both the own research 

programs carried out by the LLB members as well as the col-

laborations with visitors associated with the activities of local 

contacts and with instrument development.  

Organization of Training sessions is a part of the main assignments of the LLB in addition to its own training activity 

through research programs for PhD students. It consists in Summer schools and lectures, but also implies to offer beam 

time access to students. The LLB proposes PhD and post-doc training sessions, such as "les FANS du LLB"(Formation à 

la Neutronique), each year in autumn; the purpose is to offer a wide spectrum of the instruments used in a specific sci-

entific domain. They are completed by practical experience for students at bachelor or Master Levels, or from engi-

neering schools. The LLB also organizes visit tours for everybody interested. Recently we have created a new group in 

charge of the Training and Education; it illustrates the strong involvement of the personnel (2/3 are involved in various 

teaching activities) and the recognized importance of this mission. Thanks to this group, the LLB increased its actions 

toward education and training by welcoming more students in master classes and by setting up a series of training for 

young researchers and industrial engineers.  

C. Alba-Simionesco and J.-P. Visticot 
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2013 EVENTS IN PICTURES2013 EVENTS IN PICTURES  

Visit of the Swedish  
Research council 

May, 2013 

Journées du LLB  

January, 2013 

LLB Scientific  

& Instrumental Committe 

October, 2013 
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COMING IN 2014...COMING IN 2014...  

Neutrons and Food 3

Neutrons and Food 3  
Paris, Maison du Lait, July 9-11, 2014  

http://neutronsandfood.com/ 

Magnetic Diffraction from 

Magnetic Diffraction from 

Single Crystals at the ESS 

Single Crystals at the ESS   

Paris, May 26- 27, 2014 

2222èmesèmes  Journées de la Diffusion 
Journées de la Diffusion   

Neutronique (JDN22)
Neutronique (JDN22)  

Ile d’Oléron, September 21-26, 2014  

http://www-llb.cea.fr/JDN22/ 

Cristallographie et Grands 

Cristallographie et Grands ÉÉquipe-quipe-ments 2013
ments 2013  Gif-sur-Yvette, October 13-17, 2014  http://www-llb.cea.fr/JDN22/ 
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AXE 1: 
AXE 1: 
AXE 1:    

Strongly Correlated 

Strongly Correlated 

Strongly Correlated    

Quantum Materials 

Quantum Materials 

Quantum Materials    

and Magnetism.

and Magnetism.

and Magnetism.   

AXE 2:  
AXE 2:  
AXE 2:     

Materials & Nanosciences: 

Materials & Nanosciences: 

Materials & Nanosciences:    

Fundamental Studies 

Fundamental Studies 

Fundamental Studies    

and Applications.

and Applications.

and Applications.   

AXE 3:AXE 3:AXE 3:   

   Soft Matter Soft Matter Soft Matter    

& & &    

Biophysics.Biophysics.Biophysics.   

SCIENTIFICSCIENTIFIC  

HIGHLIGHTSHIGHLIGHTS  
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 Magnetic structure and phase transitions in the “green phase” 160Gd2BaCuO5: Neu-
tron diffraction study.  
A. Ovsyanikov, I. Golosovsky, I. Zobkalo & I. Mirebeau  

 
 Dispersive magnetic resonance mode in the Kondo semiconductor CeFe2Al10  

J.-M. Mignot, P. A. Alekseev, J. Robert, S. Petit, T. Nishioka, M. Matsumura, R. Kobayashi, H. Tanida, H. Noha-
ra, & M. Sera 

 

 Hour-glass spectrum in an insulating stripeless transition metal oxide  
A. C. Komarek, Y. Drees, D. Lamago, & A. Piovano. 

 
 Magnetic structure determination of TbCo2Ni3 using polarized and non-polarized 

neutron powder diffraction 
O. Rivin, E. N. Caspi, H. Ettedgui, H. Shaked & A. Gukasov  

 
 A spin liquid that does not freeze at 0.07K : Tb2Ti2O7   

S. Petit, J. Robert, S. Guitteny, P. Bonville, A. Gukasov, C. Decorse, I. Mirebeau   

AXE 1: AXE 1: AXE 1:    

Strongly Correlated Quantum Materials Strongly Correlated Quantum Materials Strongly Correlated Quantum Materials    

and Magnetism.and Magnetism.and Magnetism.   

The “strongly correlated electron systems” denote a class of materials and physical phenomena 

which cannot be described in terms of the standard theory for a Fermi gas of non-interacting electrons. Such 

situations mainly occur in compounds containing transition-metal or rare-earth elements, because d and f or-

bitals have a more pronounced localized character. One common feature in many of these materials is the co-

existence of several degrees of freedom associated with the electron- (charge, spin, orbital) or lattice sub-

systems, whose interplay is responsible for a large variety of ground states and excitation spectra. Well-known 

examples studied at LLB, both experimentally and theoretically, include cuprate or ferropnictide high-Tc su-

perconductors, “giant magnetoresistance” manganites, compounds with short-range magnetic interactions 

subject to geometrical frustration (multiferroics, spin-ices, etc.), lanthanide-based heavy-fermion systems and 

“Kondo insulators”, as well as a number of materials in which unconventional orders occur, such as the 

“magnetic blue phase” of MnSi, or the multipole-order states found in rare-earth hexaborides.  Because neu-

trons interact with both the atom nuclei and their electron shells, neutron scattering is one of the best tools to 

study this type of physics involving interplay of lattice and magnetic properties. Polarized neutron beams, im-

plemented on several spectrometers at LLB, further enhance the potential of neutron experiments for studying 

strong correlation phenomena in condensed matter. 
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The green-coloured cuprates R2BaCuO5 known as 

“green phase” attracted attention, when they were 

observed as impurities in the synthesis of high-

temperature superconducting oxides [1]. Later it 

was realized that these compounds are also excel-

lent objects to study magnetic interactions bet-

ween 3d- and 4f-sublattices. The magnetic struc-

tures derived by neutron diffraction for Dy, Ho, 

Er, Tm, Yb and Y compounds [2,3] show a large 

diversity. Gd2BaCuO5 is considered as the excep-

tion in this family. In contrast with other “green 

phases” heat and magnetic susceptibility show a 

single magnetic transition around 11.8–12.1 K [4].  

In order to increase the diffraction signal, measure-

ments at the diffractometer G6.1 with a neutron 

wavelength of 4.76 Å in the Laboratory Léon Bril-

louin were performed. The large neutron wave-

length yields a better resolution at small momen-

tum transfers, which is important to measure mag-

netic scattering and especially to study incommen-

surate structures. 

Gd2BaCuO5 crystallizes in the orthorhombic space 

group Pnma. A unit cell contains four formula units 

with magnetic atoms in the position 4c. The com-

plex crystal structure induces many competing 

interactions and strong magnetic frustration in the 

system  

The analysis of the neutron diffraction patterns 

shows that below 12 K an incommensurate mag-

netic order settles described by the wave vector    

k = [0 0 1/2-δ], where δ is a small value (Fig. 1). 

When temperature decreases the wave vector 

“locks-in” to the wave vector k = [0 0 1/2] at 

about 5 K, i.e. the magnetic order becomes com-

mensurate with a doubling of the magnetic cell 

along the c axis (Inset in Fig. 1) . 

There are three sets of magnetic atoms: two sets of 

Gd (Gd1 and Gd2) and a set of Cu located in the 

same four-fold crystallographic positions.  The 

magnetic representation consists of two two-

dimensional irreducible representations. In each 

representation the basic functions relate a pair of 

magnetic moments. Any mutual orientations of the 

magnetic moments within a pair are allowed. One 

representation links the y-projections of the mo-

ments, whereas other representation links the x- 

and z-projections. 

A. Ovsyanikova, I. Golosovskya, I. Zobkaloa, I. Mirebeaub  

Magnetic structure and phase transitions in the “green phase” 
160Gd2BaCuO5: Neutron diffraction study  

By powder neutron diffraction on a  
160Gd2BaCuO5 sample we observed an incommen-

surate magnetic structure with a propagation 

vector k = [0 0 1/2-δ] below 12 K.  

A “lock-in” to a commensurate structure with    

k = [0 0 1/2] propagation vector occurs at 5 K 

accompanied with a spin re-orientation in the 

Gd subsystem and a magnetostructural transi-

tion. The temperature dependence of the Gd 

moments suggests a low dimensional behaviour 

similar to that found in other rare-earth cu-

prates. 

(Published in Journal of Magnetism and Mag-

netic Materials, 353, 71, 2014)  

Figure 1 : Temperature evolution of the magnetic contribution. In inset – 
the temperature dependence of the z-component of the wave vector . 
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The best fit at all temperatures corresponds to 

a configuration where all moment compo-

nents are present 

and which must 

be described by 

combining the 

two different 

representations. 

This magnetic 

structure is shown as 

“logo”.  The magnetic order 

below and above the “lock-

in” (~ 5 K) differs by the 

absence of the y-projection 

in the Gd1 moments below 

the “lock-in” point, that is consistent with the 

symmetry analysis. 

 The temperature dependences of the magnet-

ic moment components are shown in 

Fig.2. When the temperature decreas-

es the y-component of the moments in 

the Gd1 site disappears abruptly at 5 K 

which means that the moment rotates 

towards the a–c plane. Nothing chang-

es in the Gd2 or Cu sublattice.   

The temperature dependences of the 

magnetic moments (Fig.3) give argu-

ments in favour of a low dimensional 

magnetic behavior, deduced from 

Mössbauer spectroscopy [5] . 

A possible reason for the spin re-orientation 

and the associated “lock-in” of the wave vector is 

a violation of a fine balance of the exchange inte-

grals owing to the change of atomic distances 

with temperature. Indeed, the temperature 

dependences of the Gd-atoms position clearly 

show a magnetostriction effect at the “lock-in” 

temperature (Fig. 4). So the structural distortion 

lifts the frustration in the Gd-subsystem. The 

largest distortions are observed in the Gd1 su-

blattice, whose magnetic moment undergoes a 

re-orientation. No anomalies were detected in 

the temperature dependences of the unit cell 

parameters, that suggest the possibility of an 

isostructural transition. 

In all “green phase” compounds the magnetic 

order in the Cu and in the rare earth sublattices 

appears simultaneously due to the strong R–Cu 

coupling. The magnetic behaviour in 

Gd2BaCuO5 obeys a similar scenario, where the 

high temperature transition, driven by the Cu 

sublattice, induces magnetic order in the Gd 

sublattice. When the temperature decreases 

further, the exchange interactions within the 

rare earth sublattice induce the “lock-in” and re-

orientation of the Gd moments. 

1. C. Michel, B. Raveau, Journal of Solid State Chemistry 43 (1982) 73. 

2. I.V. Golosovsky, V.P. Plakhty, V.P. Harchenkov, J. Zoubkova, B.V. Mill, M. Bonnet, E. Roudeau, Fizika Tverdogo 

Tela, 34 (1992) 1483. 

3. I. Golosovsky, P. Böni, P. Fischer, Solid State Communications, 87 (1993) 1473. 

4. R.Z. Levitin, B.V. Mill, V.V. Moshchalkov, N.A. Samarin, V.V. Snegirev, J. Zoubkova, JMMM, 90–91 (1990) 53. 

5. M. Strecker, P. Hettkamp, G. Wortmaim, G.A. Stewart, JMMM, 177–181 (1998) 1095. 

References  

Figure 2: Temperature dependences of the magnetic moment projections. The 
x-, y- and z-projections of the Gd1 moments (in black) and Gd2 moments (in 
red) are displayed in panels (a), (b) and (c) respectively. Panel (d) corresponds 
to z-projection for the Cu moment   

 

Figure 3: Temperature dependence of the magnetic 
moments : Gd1(Blue); Gd2(red); Cu (black). 

 

Figure 4: Temperature dependence of the relative atomic coordinates of the Gd 

atoms. 



 

14 

a Laboratoire Léon Brillouin, 

CEA/Saclay, 91191 Gif sur 

Yvette, France  

b National Research Centre 

‘Kurchatov Institute’, 123182 

Moscow, Russia  

c National Research Nuclear 

University “MEPhI”, Kashirskoe 

sh. 31, 115409, Moscow, Rus-

sia 

d Graduate School of Integrated 

Arts and Science, Kochi Univer-

sity, Kochi 780-8520, Japan 

e Neutron Science Laboratory, 

Institute for Solid State Physics, 

University of Tokyo, Tokai, 

319-1106, Japan 

f Department of Quantum Mat-

ter, ADSM, Hiroshima Univer-

sity, Higashi-Hiroshima, 739-

8530, Japan  

jean-michel.mignot@cea.fr 

Kondo insulators (KI) form a unique class among 

strongly correlated electron systems, in which 

semiconducting properties develop on cooling as a 

result of the opening of a narrow gap in the elec-

tronic density of states at the Fermi energy [1]. In 

those materials, a nonmagnetic singlet ground 

state is formed at low temperature, but short-

range, dynamical, antiferromagnetic (AF) correla-

tions can also play a major role, as was demons-

trated by our comprehensive inelastic neutron 

scattering (INS) study of the archetype KI YbB12 

[2]. The low-energy magnetic response of YbB12 

at liquid helium temperature is dominated by a 

sharp, resolution-limited peak, located at about 

14 meV, just below the edge of a spin gap. This 

excitation disappears rapidly upon heating as the 

system crosses over to an incoherent spin-

fluctuation regime. It has been interpreted [1b] as 

an exciton peak (a resonance mode in the spin 

response function) reflecting residual AF interac-

tions between the renormalized 4f quasiparticles. 

This model is reminiscent of that proposed to 

explain the well-known “resonance mode” (RM) 

in high-Tc superconductors [3], and may apply to 

the “topological KI” SmB6 as well [2c]. On the 

other hand, evidence was still lacking for a com-

parable RM-type excitation in the case of Ce-

based KIs . 

CeFe2Al10 looked like a promising candidate be-
cause it exhibits a clear KI behavior in the temper-
ature dependence of its resistivity and, unlike 
CeRu2Al10 studied previously [4] (LLB Annual 
Report 2010), does not undergo magnetic order-
ing at low temperature. Since large single crystals 
could not be obtained at this stage, 14 pieces (m ≈ 
700 mg) were co-aligned on a specially designed, 
light-weight, Al sample holder, and fixed using 
low-background Cytop® glue. Magnetic excita-
tion spectra were measured on 2T in the (a*, b*) 
scattering plane [5].  

Constant-Q scans recorded at about 5 K showed 
the existence of an inelastic peak at E = 9.5 meV 
for points in reciprocal space corresponding to the 
k vector (0, 1, 0), i.e. at positions (Y point) where 
AF Bragg satellites occurred in the Ru compound. 
The excitation disperses (Fig. 1) from this point, 
reaching approximately 12 meV at the top of the 
branch, but with a steep reduction in intensity, 
which makes its observation difficult in that re-
gion. The dispersion parameters plotted in Fig. 2 
were obtained from a Lorentzian fit of the spec-
tra. The main cause of uncertainty was the large 
sloping background, which was determined by 
comparing temperature dependences for different 
Q vectors. The dispersion was found to be rather 
isotropic along the high-symmetry directions ac-
cessible in the (a*, b*) scattering plane .  

With increasing temperature, the excitation peak 

J.-M. MignotA, P. A. AlekseevB,C, J. RobertA, S. PetitA, T. NishiokaD, M. MatsumuraD, R. KobayashiE, H. TanidaF, 

H. NoharaF, M. SeraF 

Dispersive magnetic resonance mode in the Kondo 
semiconductor CeFe2Al10 

The CeT2Al10 family of orthorhombic com-

pounds provides a unique example of a gradual 

evolution from a Kondo-insulator (T: Fe) to an 

unconventional antiferromagnet (T: Ru, Os). 

Neutron scattering experiments performed on 

single-crystal CeFe2Al10 reveal that this materi-

al develops a spin-gap in its magnetic spectral 

response below ∼ 50 K, with a magnetic excita-

tion dispersing from E = 10.2 ± 0.5 meV, at the 

zone-boundary point q = (0, 1, 0), to ≈ 12 meV 

at the top of the branch. The anisotropic be-

havior of this excitation is contrasted with that 

of the magnon-like modes previously reported 

for CeRu2Al10, and tentatively interpreted in 

terms of the “magnetic exciton” model first 

proposed for YbB12 . 

 

Figure 1 : Energy scans at constant neutron final energy 
Ef = 14.7 meV, measured at T = 4.8 K showing the 
dispersion of the magnetic excitation and the Q depend-
ence of its intensity along the Q = (h, 0, 0) direction. 
Dashed lines: estimated background. Solid lines: fits 
assuming Lorentzian lineshapes . 
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is gradually suppressed (Fig. 3, left), while a signal 

grows in the spin-gap region  (Fig. 3, right), re-

flecting the appearance of quasielastic fluctuations. 

Interestingly, the peak is strongly suppressed at T 

= 40 K, without significant shift to lower ener-

gies, implying that the gap “fills” rather than 

“shrinks” upon heating. This behavior contrasts 

with the temperature softening of the magnon-like 

peaks observed in CeRu2Al10, while being reminis-

cent of that found in YbB12 .     

The mode polarization was analyzed by comparing 

spectra measured at equivalent Q vectors oriented 

along (or close to) different crystallographic axes. 

The results imply that the signal mainly arises 

from  correlations between magnetic components 

parallel to a, the easy axis observed in susceptibil-

ity measurements. The quasielastic signal around 

40 K exhibits a similar polarization but, since it is 

found to be rather uniform in Q space, the polari-

zation along a likely reflects the single-ion anisot-

ropy. This is again at variance with CeRu2Al10, 

where the quasielastic contribution was sizable in 

the vicinity of QAF and for temperatures close to 

the Néel point, pointing to a critical scattering 

regime. 

The above-noted analogies with YbB12 lend sup-

port to the proposed interpretation of the Ce-

Ru2Al10 dispersive excitation as an exciton-type 

resonance mode. In this connection, it is worth 

recalling the early studies of CeNiSn, another 

anisotropic (orthorhombic) compound catego

rized as a KI (or a “Kondo semimetal”), in which 

one of the magnetic spectral components also 

exhibited a strong polarization and a temperature 

behavior analogous to that of the present system. 

The RM phenomenon in KI materials may thus be 

more widespread than previously thought, and 

deserves further investigations, both experi-

mental and theoretical . 

1. P. Riseborough, Adv. Phys. 49, 257 (2000); P.S. Riseborough, J. Magn. Magn. Mater. 226, 127 

(2001). 

2. J.-M. Mignot, P. A. Alekseev, K. S. Nemkovski et al., Phys. Rev. Lett. 94, 247204 (2005); K. S. 

Nemkovski, J.-M. Mignot, P. A. Alekseev et al., Phys. Rev. Lett. 99, 137204 (2007); K. S. Nem-

kovski, P. A. Alekseev, J.-M. Mignot, and A.S. Ivanov, Physics Procedia 42, 18 (2013). 

3.  See e.g. M. Eschrig, Adv. Phys. 55, 47 (2006) and references therein. 

4.  J. Robert, J.-M. Mignot, S. Petit et al., Phys. Rev. Lett. 109, 267208 (2012) ; J. Robert, J.-M. 

Mignot, G. André et al., Phys. Rev. B 82, 100404(R) (2010). 

5. J.-M. Mignot, P. A. Alekseev, J. Robert, S. Petit et al., arXiv cond-mat.str-el, 1401.2892 (2014) ) 

References  

 

Figure 3 : Temperature evolution of the magnetic 
spectral response measured at constant neutron final 

energy Ef = 14.7 meV for Q = (−1, 2, 0) (left) and 
(0.5, 3, 0), showing the rapid suppression of the 
inelastic peak and the gradual appearance of the 
quasielastic signal as T increases .   

 

Figure 2 : Experimental dispersion curve and Q-dependent 
intensity of the magnetic excitation at T ≈ 4 K. Red squares [for 
Q = (h, 3, 0) and (0, 3 − k, 0)] and blue circles [for Q = 
(−1 − h, 2, 0) and (0, 2 + k, 0)] correspond to spectra meas-
ured along equivalent, yet distinct, (h, 0, 0) (left) and (0, k, 0) 
(frame) directions in reciprocal space.   
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We studied a 40% hole-doped single layer perov-

skite cobaltate that is isostructural to the high-

temperature superconducting cuprates. The 50% 

hole-doped “parent material” exhibits an extremely 

robust checkerboard charge ordering pattern with an 

antiferromagnetic structure that is shown in Fig. 1 

(a). Our studied 40% hole-doped cobalt oxide ex-

hibits magnetic peaks in neutron scattering experi-

ments that appear at positions that are distinctly 

away from any commensurate quarter-integer posi-

tions [2]. In the ideal half-doped "parent compound" 

the charges are known to order in an alternating 

Co2+/Co3+ arrangement that looks like a checker-

board, see Fig. 1 (a). At variance, the incommensu-

rate magnetic peak positions in our 40% hole-doped 

cobaltate in principle could be compatible with a 

diagonal stripe phase where charges arrange into 

stripes. Due to the comparably high sharpness of 

the magnetic peaks in our high-quality single 

crystals one would expect also quite sharp struc-

tural charge stripe ordering superstructure reflec-

tions. (Note, that magnetic stripe phases can not 

be easily decoupled from charge stripe phases in 

this insulating and localized system with non-

magnetic Co3+ ions. The movement of one elec-

tron from a Co2+ to a Co3+ site would cost sever-

al 100 meV). But, in detailed neutron scattering 

experiments, we were not able to detect any 

indications for charge stripe ordering reflections 

in our 40% hole-doped cobaltate material [2], see 

Fig. 2. Instead, there appears to be still super-

A. C. Komareka, Y. Dreesa, D. Lamagob, A. Piovanoc  

Hour-glass spectrum in an insulating stripeless transition 
metal oxide 

 

Figure 2:   Taken from Ref. [2]. Scans across the 
charge stripe ordering positions reveal no indications 
for charge stripe ordering in La1.6Sr0.4CoO4 (violet 
circles/cyan triangles: 4K/ 500K data). Instead, 
checkerboard charge ordering reflections are visible 
similar as in La1.5Sr0.5CoO4 (dashed cyan line). The red 
line shows a simulation of an expected charge stripe 
ordering signal according to the observations in an 
isostructural nickelate with same hole-concentration, 
see inset .  

 

Figure 1: Taken from Ref. [2]. (a) Antiferromagnetic struc-

ture of the ideal checkerboard charge ordered half-doped 

cobaltate. Co3+ (black) ions are in the non-magnetic low-

spin state whereas Co2+ ions (green).  

(b) Our frustration scenario for our 40% Sr-doped cobal-

tate. The doping of one additional electron at a Co3+ site 

introduces strong nearest-neighbour exchange interactions J 

and turns originally antiferro-magnetic couplings ferro-

magnetic as indicated by the blue dashed lines. This results 

in strong frustration  

The magnetic excitations in high-temperature 

superconducting copper oxide superconductors 

are believed to be crucial for superconductivity. 

The most promising approaches that are able to 

describe their “hour-glass”-shaped magnetic 

excitation spectra are either based on models 

where the charges within the copper oxygen 

planes segregate into stripes or on purely itiner-

ant models where Fermi surface effects are sig-

nificant. By the recent observation of such a 

magnetic excitation spectrum in an insulating 

cobalt oxide it was shown that Fermi surface 

effects are not necessarily needed for an under-

standing of the hour-glass spectrum [1]. We 

were now able to synthesize an insulating 

cobalt oxide with such a spectral shape that 

additionally exhibits no charge stripes, thus, 

suggesting a different origin entirely [2].  
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structure reflection intensity at half- integer positions 

in reciprocal space that is indicative for checkerboard 

charge ordering like in the half-doped “parent com-

pound”. In fact, this is not fully surprising, because 

the half-doped compound exhibits a very robust 

checkerboard charge order that persists up to very 

high temperatures (above 800 K). For such a stable 

charge order it appears quite natural that it also per-

sists in a certain doping regime around half-doping. 

Also at lower temperatures these stripes appear to be 

unlikely since the charges can not easily re-arrange 

themselves once they are frozen in an disordered 

checkerboard arrangement due to the strongly insulat-

ing properties triggered by the spin blockade mecha-

nism. Also the study of high energy Cobalt-oxygen 

bond-stretching phonon modes in these cobaltates is 

consistent with our checkerboard charge ordering 

scenario and supports our elastic studies, see Fig. 

3 (a). Such a kind of bond-stretching phonon 

modes can be expected to exhibit an anomalous 

softening at the charge ordering propagation 

vector of the underlying charge order in this 

system. Unlike an isostructural nickel oxide with 

the same hole-concentration, these phonon 

modes in our cobaltate indicate a behavior which 

is very similar to the behavior in a true checker-

board charge ordered material. Our study of the 

magnetic excitation spectrum in our 40% hole- 

doped cobaltate surprisingly revealed the pres-

ence of hour-glass shaped magnetic excitation 

spectra as can be seen in Fig. 3 (b,c). There-

fore, the emergence of these hour-glass-

shaped magnetic excitations in this insulating 

cobalt oxide is apparently neither connected 

to the existence of Fermi surface effects nor 

to the appearance of charge stripe phases in 

these layered insulators .   

 Hence, another third mechanism must trig-

ger the onset of these hour-glass spectra (at 

least in these cobaltates). We propose a 

frustration scenario based on disordered 

checkerboard charge ordered structures 

which is shown in Fig. 1 (b). The doping of 

one additional electron in the originally 

undistorted checkerboard charge ordering 

pattern (Fig. 1 (a)) will turn two originally 

antiferro-magnetic exchange interactions 

ferromagnetic due to the strong nearest 

neighbor exchange interactions J compared 

to the weak exchange interactions J’. This 

high amount of frustration will most likely 

induce non-collinear magnetic structures as 

shown schematically in Fig. 1 (b) and indi-

cates the high significance of frustration for 

“hour-glass” spectra. Concluding, we have 

shown that besides Fermi surface effects also 

charge stripes are not needed for the emergence 

of an “hour-glass” dispersion. 

1. A. T.Boothroyd, P. Babkevich, D. Prabhakaran and P. G. Freeman, Nature 471, 341 (2011)  

2. Y. Drees, D. Lamago, A. Piovano and A. C. Komarek, Nature Commun. 4, 2449 (2013)  
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Figure 3: Taken from Ref. [2]. (a) Neutron scattering intensity as a 
function of energy and momentum transfer. Red triangles denote the 
high frequency Co-O bond-stretching phonon dispersion. A distinct 
softening at Q = (2.5 2.5 0) becomes apparent. (b,c) Inelastic 
neutron scattering intensities obtained from constant-energy scans 
across the planar antiferromagnetic wavevector in (b) [100]-
direction and (c) [110]-direction. Measurement performed at the 2T 
spectrometer. All basic features of the so-called “hour-glass” disper-
sion are visible: the inwards dispersing branches that merge with 
increased intensity and the outwards dispersing branches at higher 
energies . 
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The structural (space group P6/mmm) and 

magnetic parameters of TbCo2Ni3 are investi-

gated using neutron powder diffraction 

(NPD) and polarized neutron powder 

(PNPD) and a ferromagnetic structure is 

found below 315 K, with ferromagnetic Tb 

and Co/Ni sub-lattices. 

The polarized powder diffraction technique is 

extended to the case of uni-axial, high anisot-

ropy (hard) magnetic materials. The experi-

mental applications of this technique are dis-

cussed and an appropriate analysis is devel-

oped. 

The RCo5 (R - Lanthanides) compounds have 

attracted great experimental and theoretical 

interest for many years for both technological 

importance and basic research [1]. They under-

go magnetic ordering at high Curie tempera-

tures (~1000 K) with very large magneto-

crystalline anisotropy (MCA) [1]. The Co at-

oms occupy two non-equivalent crystallo-

graphic (Fig. 1) sites: '2c' (`6m2) and 

'3g' (mmm), which exhibit different MCAs. In 

particular, the very large MCA, along the 

unique hexagonal c axis, originates from the 

'2c' site, while that of the '3g' site is much 

smaller and favors the hexagonal plane. 

The combined action of the magnetic exchange 

field (MEF), and the crystalline electric field 

(CEF), strongly affects the magnetism in the 

RCo5 compounds and their derivatives. The 

theory of this type of transition was investigat-

ed thoroughly.[2] . 

 

Figure 1 The CaCu5 type crystallographic structure of RCo5, in 

which the R sub-lattice consists of the 'la' site and the Co sub-

lattices consist of the '2c' and the '3g' sites . 

Partial substitution of the Co by Ni in the ternary 

compounds R(Co1-xNix)5, enables a gradual change 

in the magnetic exchange field, originating from 

the Co sub-lattices, without altering the crystal 

structure. 

PNPD experiments were performed at the 

'VIP' (former 5C1) polarized diffractometer, at 

the Laboratoire Léon Brillouin, CEA - CNRS 

Saclay, France. 

The flipping difference intensity of the PNPD: I+ 

- I-,[3] eliminates all nonmagnetic background 

(i.e. nuclear scattering, scattering from the cry-

omagnet, multiple scattering, constant back-

ground) hence enhancing sensitivity to magnetic 

scattering contribution and enabling study of mag-

netic structures having small ordered magnetic 

moments. This technique was originally devel-

 

Figure 2 : I+ - I- profile of TbCo2Ni3 at 10 K. The circles 

represent the observed PNPD profile and the solid line is the 

PolCalc refinement profile. The reflections calculated 2q posi-

tions are marked and their Miller (P6/mmm) indices are 

given.  

O. Rivina,b, E. N. Caspia, H. Ettedguia, H. Shakedb, A. Gukasovc 
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where D(2) is the beam depolarization inside the 

sample, T(2) is the absorption corrected geomet-

rical transmition function (in Debye-Scherrer ge-

ometry).[4] A computer routine (PolCalc4) was 

created to refine by iterations the magnetic parame-

ters until best fit of the calculated to the observed 

I+ - I- (Eq. (1)) is achieved. 

The observed PNPD magnitude of µTb as a function 

of temperature agrees with that observed using 

neutron powder diffraction (Fig. 3).[1] At 10 K, we 

observed µTb = 8.1(2) µB. This value is reduced 

compared to the free Tb3+ ion (9µB). Such a reduc-

tion (in rare earth ions) in the magnetic moment 

was previously found when there is a competition 

between magnetic exchange field and crystal elec-

tric field.[2] Furthermore, the observed tempera-

ture dependence of the magnitude of this moment 

(Fig. 3) does not follow spontaneous magnetization 

curvature, as described within the framework of the 

mean field approximation.[1] . 

1. O. Rivin, E. N. Caspi, H. Ettedgui, H. Shaked and A. Gukasov, Phys. Rev. B 88, 054430 (2013). 

2. B. R. Cooper and O. Vogt, J. De Physique 32 Cl, 958 (1971). 

3. A. Gukasov, M. Braden, R. J. Papoular, S. Nakatsuji and Y. Maeno, Phys. Rev. Lett. 89, 087202-1 (2002). 

4. O. Rivin, E. N. Caspi, H. Ettedgui, H. Shaked and A. Gukasov, J. Neut Research, submitted. 

oped for the case of isotropic (soft) ferromagnetic 

(ferrimagnetic) single crystals and powders, and 

locally anisotropic parameters.[1] In the present 

work, we extend and apply the PNPD technique to 

the case of highly anisotropic (hard) ferromagnetic 

powder.[1,4] In this case the magnetization direc-

tion in an individual grain depends on its crystallo-

graphic orientation with respect to the external 

field. As a consequence, only a component of the 

magnetization, <coshkl, in each powder grain, is 

parallel to the polarization of the neutron beam[4]. 

The appropriate cross section for the flipping differ-

ence (FD), in powders, is calculated by averaging 

over all grains which contribute to the hkl Bragg 

reflection,[4] and considering the appropriate geo-

metrical and physical intensity corrections (Eq. (1)).

[3,4] 

(1) 

 
Figure 3 : Temperature dependence of the  Tb magnetic moment from NPD and PNPD, and a 

calculated spontaneous magnetization curve, based on the mean field approximation, using the 

exchange coupling constant, G, and the number of nearest neighboring ions, Z. 
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Geometrical frustration has been studied exten-

sively for the last two decades. In the context of 

magnetism, the geometry of the underlying 

lattice is such that the magnetic moments can-

not find any configuration that satisfies simulta-

neously all pair-wise interactions, leading to 

novel and exotic ground states.  

Pyrochlore magnets, with their lattice of corner-

sharing tetrahedra, are model systems in this field. 

The celebrated terbium titanate Tb2Ti2O7 belongs 

to this class of materials. It is an extreme case 

since, because of frustration, the Tb magnetic 

moments do not show long range ordering, but 

keep fluctuating, like in a “spin-liquid”, down to 

temperatures as low as 0.05 K. This phenomenon 

remains so far a theoretical puzzle.  

Neutron scattering is a powerful technique in 
this context, as it allows one to determine cor-
relations between Tb magnetic moments, by 
measuring maps in the reciprocal space. Theo-
retical models are then tested in the light of 
these experiments. Researchers from LLB ad-
dressed this issue by measuring maps of inelastic 
and elastic diffuse scattering at very low tem-
perature (0.07 K) on 4F and 6T2 spectrometers 
at Saclay (Figure 1, top). In collaboration with 
SPEC, they developed a model that invokes a 
dynamical Jahn-Teller effect (or similarly quad-
rupolar interactions), which would appear at 

S. Petita, J. Roberta, S. Guittenya, P. Bonvilleb, A. Gukasova, C. Decorsec, I. Mirebeaua  

A spin liquid that does not freeze at 0.07K : Tb 2Ti2O7   

Figure 1: Inelastic neutron scattering maps at 0.07 K (right) and 4.2 K (left), performed on the spectrometer 

4F of LLB: comparison between experiment (top) and theory (bottom). 
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Figure 2 : Diffuse scattering maps of polarized neutrons at 0.07K: comparison between experiment (top, alleging T. 

Fennell et al, PRL 109, 017201 (2012)) and theory (bottom). The initial SF (Spin-Flip) and NSF (Non-Spin Flip) 

refer to a neutron polarization reversed or not after interaction.  

very low temperatures, and that would lead to 
a spin-liquid ground state. This model accounts 
quite well for the inelastic scattering maps 
(Figure 1, bottom) and also reproduces the 
main features of the diffuse scattering maps at 
0.07 K measured on D7 at the ILL by other 

teams (Figure 2). The proposed model is how-
ever semi-phenomenological and a more com-
plete theory, taking into account the complex 
set of interactions, along with spin and lattice 
degrees of freedom, remains to be developed. 
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 Metallic superantiferromagnetic TbCu2 nanoparticles  
C. Echevarria-Bonet,1; D. P. Rojas; J. I. Espeso, J. Rodríguez Fernández, L. Rodríguez Fernández, P. Gorria, J. A. 
Blanco, M. L. Fernández-Gubieda, E. Bauer, G. André, L. Fernández Barquín  

 
 Polarised neutron reflectivity reveals enhanced moment on Fe+ irradiated iron 

films  
K. Mergia, K. Papamichail, F. Ott,  Y. Serruys, Th. Speliotis, G. Apostolopoulos, S. Messoloras 

 
 Point defects in PbMoO4 both undoped and doped with Nd3+  

I. Kaurova, G. Kuz’micheva, V. Rybakov,  A. Cousson, Yu. Gorobets  
 
 Effect of chemical composition on the coalescence kinetics of oxides in the rein-

forced  steel ODS Fe-14%Cr 
S. Zhong, M.-H. Mathon, V. Klosek, Y. de Carlan, J. Ribis 

 

 Temperature driven interlayer exchange coupling in Fe/Cr/Gd multilayers  
M.V. Ryabukhina, E.A. Kravtsov 

AXE 2:  AXE 2:  AXE 2:     

Materials and Nanosciences : Fundamental Materials and Nanosciences : Fundamental Materials and Nanosciences : Fundamental 

Studies and Applications.Studies and Applications.Studies and Applications.   

The second axis, “Materials and Nanosciences: Fundamental Studies and Applications“, 

covers the activities related to the research in materials sciences and more generally in hetero-systems 

(interfaces, alloys, composites materials, confined systems). The studies cover detailed structures of nano-

objects, interactions between nano-objects, and the role of nanostructures in composite materials. The length-

scales which characterize the properties of the systems range between 1-100 nm. More specifically, the follow-

ing areas are addressed at the LLB: Magnetic nanostructures (metallic layers, oxide epitaxial layers, nanoparti-

cles) studied by diffraction, SANS and reflectometry; Composite materials (polymer reinforcement by nano-

particles, metallurgical composites) whose properties are studied by SANS; Metallurgy (both fundamental and 

industrial) where Textures and Strain heterogeneities are studied by diffraction in various alloys or nuclear 

materials; Confined systems (microporous materials and organized guest-hosts systems, mesoporous materials 

and organized guest-hosts systems) in which the dynamics of the confined elements can be studied by inelastic 

scattering techniques; Amorphous materials (disordered systems – glasses) where the local atomic order is also 

investigated by diffraction. 
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The effects of interparticle interactions of 
different strengths among magnetic nanoparti-
cles gives rise to a variety of magnetic states 
from the weakly correlated Superparamag-
netism [1], passing through the Super Spin 
Glass state [2] and reaching the Superferro-
magnetism [3], the latter two included within 
the so-called Supermagnetism [4]. The appear-
ance of metallic Superantiferromagnetic 
(SAFM) state and its coexistence with a Spin 
Glass (SG) behavior has very recently been 
disclosed in nanoparticles of TbCu2 [5]. The 
characterization of those systems is essential to 
extend the magnetic phase diagrams, which, in 
turn, constitute the roadmap for technological 
transfer. 
The existence of SAFM and SG states was 
revealed by DC- and AC-susceptibility measure-
ments, and additionally by microscopic magnetic 
structure analysis (neutron scattering) [5]. The 
metallic state is now confirmed by electrical resis-
tivity. Neutron diffraction measurements have 
been carried out at Laboratoire Léon Brillouin 

(G4.1 instrument) with λ = 2.423 Å. G4.1 is a 
two axis powder diffractometer (Fig. 1) equipped 
with a vertical focusing pyrolytic graphite mono-
chromator and a 800-cell multidetector covering a 

80º – 2 range. The instrumental resolution of the 

spectrometer is maximum at low 2 scattering 

angles (2 < 600), so G4.1 is well adapted for 
magnetic structure determination and for phase 
transition studies.  
 
Both DC- and AC-susceptibility showed a peak at 

the Néel transition (46 K) and a broader hump at 

the freezing point (9 K) [5].  The critical slowing 

down of the low temperature SG transition was 

studied for the TbCu2 milled alloy by extracting 

quantitative values for the zv and ß dynamic expo-

nents. This analysis yielded zv = 6 and ß = 0.7, in 

the range of supermagnetic systems (see Ref. [5] 

for details). In Fig. 2, we are confirming the me-

tallic character of the TbCu2 nanoparticles by dis-

playing the electrical resistivity (), which resem-

bles the behavior found in bulk alloys. Moreover, 

there is a clear change of slope at the Néel temper-

ature, which is smooth due to the nanoscopic na-

ture of the alloy in question. 

Neutron diffraction spectra were taken at different 

temperatures: 1.8 K and 10 K (T < Tf), 25 K and 

36 K (Tf < T < TN) and 60 K and 140 K (T > TN). 

The spectra were taken for 8 hours/temperature 

to get good stats with an amount of sample of 

C. Echevarria-Boneta,1; D. P. Rojasb; J. I. Espesoa, J. Rodríguez Fernándeza, L. Rodríguez Fernándezc, P. 

Gorriad, J. A. Blancod, M. L. Fdez-Gubiedae, E. Bauerf, G. Andrég, L. Fernández Barquína 

Metallic superantiferromagnetic TbCu 2 nanoparticles 

The novel superantiferromagnetic arrange-

ment in metallic TbCu2 nanoparticles has been 

revealed by the full analysis of the magnetic 

structure. Such an arrangement coexists at low 

temperatures with the spin glass canting of 

surface spins.  TEM and XRD evidence that 

the lattice structure at the nanoscale retains 

the bulk crystallographic symmetry, with par-

ticle sizes around 9 nm. Macroscopic measure-

ments of static and dynamic magnetic suscep-

tibility disclose that there is a collective Néel 

temperature of 46 K and the glassy freezing is 

below ≈9 K, governed by a critical slowing 

down process. 

Figure 1: G4.1 instrument at the LLB with an orange cryostat 
mounted for the low temperature nano-TbCu2 measurements. 
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around 2 g. The magnetic structure (Fig. 

3) corresponds to a commensurate anti-

ferromagnetic with two propagation 

vectors, q1 = (0, 0, 0) and q2 = (1/3, 0, 

0). The magnetic structure is collinear 

AF with large Tb atoms (blue) holding 

the magnetic moment (arrows) (see the 

inset of Fig. 3). Thus, the magnetic 

structure is not modified respect to that 

of the bulk alloy. The particle size is also 

confirmed to be around 9 nm, in agree-

ment with the TEM & X-ray data. The 

resulting ordered Tb3+ magnetic mo-

ment, at 1.8 K, is µ = 7.76(2)µB, with 

Rmag = 4.2% and RB = 1.1%. A rough 

estimate assuming the ratio of surface 

atoms (Ns) with respect to those in the 

total volume (NV) results in Ns/NV ≈ 

40%, remarking the role of surface spins 

and supporting the surface moment 

reduction. In our TbCu2 nanomagnets, 

the uncompensated spins provide a 

source for randomness at the particle 

surface.  

As a result, a thin layer of random spins favors the 

SG behavior, enabling the coexistence with the 

antiferromagnetic order, which is scarcely reported 

[6]. Overall, the neutron diffraction spectra pro-

vide crucial evidences to understand the magnetic 

structure at the nanoscale. [1, 5].  

Consequently, this system should be considered as 

a superantiferromagnet with reentrant behavior 

ensured by the nanoparticle spin-disordered sur-

face.  

1. L. Fernández Barquín et al., Phys Rev B 76, 172404 (2007). 
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5. C. Echevarria-Bonet et al., Phys. Rev B 87, 180407(R) (2013). 

6. W. Kleemann et al., Phys. Rev. Lett. 105, 257202 (2010). . 

Referen ces  

Figure 2: Electrical resistivity () of compacted nanometric TbCu2 
particles, showing their metallic character and the Néel 
transition (TN). Such a transition is rounded up in compari-
son to bulk alloys. 

Figure 3: Neutron diffraction spectra at different temperatures for the 
milled TbCu2 alloy. (Upper plot) vertical marks correspond to the position 
of the allowed Bragg reflections. Blue line corresponds to the difference 
between the observed (red dots) and the calculated (black line) intensity, 
by a Rietveld refinement. Inset: magnetic structure of nano-TbCu2.  
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The interplay between magnetism and radiation 

damage of Fe and Fe based alloys by energetic ions 

or neutrons is an area of extensive current interna-

tional research effort [1]. This activity not only 

addresses an important physics problem but it is 

also interrelated to the international effort for the 

development of new radiation resistant FeCr based 

alloys for the future fusion reactor. Neutron based 

techniques are unique in revealing structural and 

magnetic changes induced in the Fe and its alloys 

after irradiation.  

Within the above described science and technolo-

gy framework we initiated a research programme 

to study irradiation induced changes in the mag-

netic properties of Fe. As radiation damage induc-

ing agent mono-energetic Fe ions were chosen. 

The reasons for this choice were: a) the interaction 

of Fe ion with Fe can be easily simulated, b) the 

expected defect structures are relatively simple 

and c) more importantly the Fe+ bombardment 

can simulate also the interaction of the fusion pro-

duced neutrons with Fe. The 14 MeV fusion neu-

trons create primary Fe knock-ons which in their 

turn produce the radiation damage of the material. 

As the mean energy of the produced primary Fe 

knock-ons is about 490 keV, this energy was cho-

sen for the Fe ion bombardment. Since the aim 

was to study initially only radiation damage effects 

simulations on the interactions of 490 keV Fe+ 

with Fe films were carried out. The simulations 

showed that in Fe film thickness of around 50 nm 

the Fe implantation is negligible whereas the radia-

tion damage considerable.  

With the above reasoning Fe thin films of 50 nm 

thickness were fabricated by magnetron sputter-

ing. Prior to irradiation the Fe films were charac-

terized by GIXRD, XRR and magnetomentry 

measurements. The irradiation with 490 keV Fe+ 

ions was carried out at the CEA-JANNUS multi-

ion beam facility under the auspices of the Europe-

an Fusion Programme. Four doses were chosen 

causing displacements per atom from 1.2 to 57. 

Structural changes induced by the Fe ion irradia-

tion were assessed by GIXRD and XRR measure-

ments. As the dose increases the lattice constant 

increases from a value lower than that of the bulk 

to that of the bulk. In addition the grain size in-

creases reaching a plateau for doses above 1x1016 

ions/cm2 (Fig.1). The final increase of the grain 

size is 53%. X-ray reflectivity measurements have 

shown that for the high dose irradiations swelling 

has occurred leading to an average film thickness 

increase of about 3 nm. Swelling is caused by the 

movement of the interstitial defects to the grain 

surfaces. 

However, the most crucial irradiation induced 

changes refer to the magnetic properties of the Fe 

films [2]. Polarised neutron reflectivity (PNR) is 

the most sensitive, accurate and indisputable 

method to reveal those. The structural changes 

induced by the irradiation and described above are 

limited and thus any magnetic changes would be 

expected also small [3]. PNR measurements were 

carried out at PRISM reflectometer, Laboratoire 

Léon Brillouin. To our surprise the effects were 

not small as would have been expected but a re-

markable magnetic moment enhancement was 

observed. The magnetic moment increases from 

K. MergiaA, K. PapamichailA, F. OttB,  Y. SerruysC, Th. SpeliotisA, G. ApostolopoulosA, S. MessolorasA  

Polarised neutron reflectivity reveals enhanced 
moment on Fe+ irradiated iron films  

Thin Fe films had been irradiated at CEA-

JANNuS multi-ion beam facility with 490 keV 

iron ions at four different doses causing dis-

placements per atom (dpa) from 1.2 to 57.  

PNR measurements revealed a dose dependent 

increase in the magnetic moment of iron above 

its bulk value. In addition, structural changes 

have been investigated using X-ray reflectivity 

(XRR) and grazing incidence diffraction 

measurements (GIXRD) before and after irra-

diation. These measurements, have shown lat-

tice constant increase and grain growth ver-

sus dose. 
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2.1 (for the unirradiated film) up to 2.5 µB/atom 

for the highest dose which corresponds to 57 dis-

placements per atom (Fig.2).  

Furthermore, the irradiation makes the iron 

films magnetically softer and this is reflected in 

the reduction of the coercive field, Hc, with the 

increase of the irradiation dose. The highest dose 

of about 4x1016 ions/cm2 results in 80% reduc-

tion of the coercive field to about 13 Oe. This 

decrease of the coercive field is related with the 

grain size increase and Fig.3 shows that Hc varies 

linearly with the inverse of the grain size. 

In conclusion the different structural changes ob-

served in Fe+  irradiated films e.g. lattice constant 

increase, swelling are expected and have been ob-

served in many instances after irradiation. However, 

the drastic increase of the Fe magnetic moment re-

vealed by PNR  has never been observed before and 

it is quite unexpected. Fe magnetic moment increase 

arising from lattice constant increase would be very 

small [4] and thus could not explain the results. This 

magnitude increase of magnetic moment has to do 

with the formation of vacancy clusters as it is known 

that the neighbouring and next neighbours Fe atoms 

of the cluster have increased magnetic moments. 

Dislocation formation due to irradiation could not 

explain the magnetic moment increase as a large 

number of dislocations is formed after cold working 

and such effects have not been observed  
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Figure 1: Lattice constant and grain size as a function of irradiation dose. 
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Figure 2: Lattice Magnetic moment of 490 keV Fe+ irradiated 

iron 50 nm films . 

0 5 10 15 20 25 30 35 40

2.0

2.1

2.2

2.3

2.4

2.5

2.6

 

 

irradiated

unirradiated

M
 (
μ

B
/a

t)

Ion Dose ( x10
15

 ions/cm
2
)

 

Figure 3: Coercive field as a function of the inverse grain size. 
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Lead molybdate - PbMoO4 (PMO) - is an acousto-
optic material which belongs to the family of crys-
tals with CaWO4 scheelite structure (sp. gr. I41/a, 
Z = 4) [1]. In the PMO crystal structure, the Pb2+ 
atoms occupy dodecahedral positions with two sets 
of interatomic distances (CN = 4+4; CN - coordi-
nation number). The Mo6+ atoms are in the center 
of a slightly distorted tetrahedra MoO4 (CN = 4). 
Each oxygen atom is coordinated by two Pb atoms 
and one Mo atom (CN = 3) (Fig. 1).  

The presence of color caused by associates of point 
defects and antisite defects, or by photochromic 
effect restricts the use of lead molybdate as an opti-
cal material [2]. 

Presence in the structure of point defects, their 
types and their associates will be determined by the 
charge synthesis conditions, the concentration of 
impurities, and by single crystal growth conditions. 

PbMoO4 crystals are usually grown by the Czochral-
ski method using the charge prepared by solid phase 
synthesis of PbO and MoO3 oxides combined in a 
stoichiometric ratio. The main problem is stoichi-
ometry violation due to the higher vapor pressure of 
MoO3 compared with PbO. As a result, the for-
mation of defective phases and distorted crystal 
structure is possible. It will affect crystal color and 
properties.  

Introduction of laser-active ions, in particular neo-
dymium ions, allows to obtain the lasing of PbMoO4 
crystal [3]. However heterovalent activation by 
Nd3+ ions can lead to the formation of additional 
types of defects. 

  

It was suggested that Nd3+ ions may occupy differ-

ent crystallographic positions in PbMoO4 crystal 

lattice depending on the method of activation [4].  

The motivation of this work was the lack of consensus 

about the possible types of point defects in undoped 

and doped PMO crystals, and their influence on the 

physical properties taking into account the further use 

of the material in different areas of optoelectronics. 

Therefore, the precise definition of each crystallo-

graphic position composition is critical. 

The purpose of this work is to determine the type and 

concentration of point defects in nominally pure and 

Nd3+-doped PbMoO4 single crystals grown by the Czo-

chralski technique in Pt crucible along <001> direc-

tion using the neutron diffraction analysis (NDA) of 

single crystals (~3x3x3 mm; =0.83Å; 5С2, Orphée-

reactor, LLB, France; SHELXL-97).  

The Nd3+ ions were introduced to PMO in the form of 

Nd2O3, NdNbO4, Nd2(MoO4)3 and NaNd(MoO4)2. 

The crystals had different color: nominally pure 

PbMoO4 sample was transparent and had a yellowish 

tint; PbMoO4:Nd2O3 and PbMoO4:Nd2(MoO4)3 sam-

ples had a deep yellow color; PbMoO4:NdNbO4 and 

PbMoO4:NaNd(MoO4)2 had a deep lilac color. 

As a result of the NDA, the following results were 

obtained: 

1. The neutron diffraction investigation of PMO and 

PMO:Nd3+ crystals within the framework of sp. gr. 

I41/a allowed to reveal the presence of additional re-

flections PbMoO4 (4.8%), PbMoO4:Nd2O3 (4.6%), 

PbMoO4:NdNbO4 (5.7%), PbMoO4:Nd2(MoO4)3 

(3%), PbMoO4:NaNd(MoO4)2 (5.4%) which were 

indexed within the framework of noncentrosymmetric 

sp. gr. . In this case we may deal with a kinetic phase 

transition of order-disorder type, i.e. a partially or-

dered noncentrosymmetric phase is formed in the sta-

I. KaurovaA, G. Kuz’michevaB, V. RybakovC,  A. CoussonD, Yu. GorobetsA  

Point defects in PbMoO4 both undoped and doped  
with Nd3+  

Nominally pure and Nd3+-doped PbMoO4 sin-

gle crystals grown by the Czochralski tech-

nique with using Nd2O3, Nd2(MoO4)3, NaNd

(MoO4)2, and NdNbO4 compounds have been 

investigated by single crystal neutron diffrac-

tion. It was revealed the presence of addition-

al reflections (~3÷~6%) for all the crystals 

caused by kinetic growth effects that give 

grounds to assign them to the space group  I4 

rather than to I41/a. The type and concentration 

of point defects have been determined. Explana-

tion of crystals color has been proposed. 
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bility area of the disordered centrosymmetric phase 

under the influence of kinetic factors. 

2. The crystal compositions refined from the neutron 

diffraction analysis of PMO and PMO:Nd3+ single 

crystals within the framework of sp. gr. I41/a are the 

following (†  - vacancy): 

 Pb2+ Mo1.000(16)O3.960(44) 

 (R1 =0.065; PbMoO4); 

 (Pb2+
0.865(45)Nd3+

0.085† 0.050)Mo6+O4                        

 (R1 =0.080; PbMoO4:Nd2O3); 

 (Pb2+
0.968(16)Nd3+

0.032)(Mo6+
0.970(20)Nb5+

0.030)O4 

 (R1  =0.068; PbMoO4:NdNbO4); 

 (Pb2+
0.964(15)Nd3+

0.025† 0.011)Mo6+O4 

 (R1  = 0.070; PbMoO4:Nd2(MoO4)3); 

 (Pb2+
0.935(12)Nd3+

0.033Na+
0.033)Mo6+O4 

 (R1  = 0.060 ; PbMoO4:NaNd(MoO4)2). 

According to NDA, the composition of undoped 

PbMoO4 is almost stoichiometric taking into account the 

standard deviation in the determination of oxygen posi-

tion. It was found that the type and concentration of 

point defects are changed depending on the type of acti-

vator which is a heterogeneous impurity. But it should be 

noted that Nd3+ ions occupy dodecahedral position in the 

structure of all the samples. As a result of refinement of 

crystal lographic posi t ion composi t ions of 

PbMoO4:Nd2O3, PbMoO4:Nd2(MoO4)3, PbMoO4:NaNd

(MoO4)2 samples, the presence of defects in molyb-

denum and oxygen positions was not revealed. At the 

same time, the use of neutron radiation allowed to deter-

mine the composition of dodecahedral and tetrahedral 

position of the PbMoO4:NdNbO4 sample. 

3. It’s not excluded that yellow color or yellowish tint of 

crystals under investigation is due to the formation of 

(VPb
n’,nh·)x  or (and) (VMo

n’, nh·)x color centers. 
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Figure 1: Coordination polyhedra in the PbMoO4 structure:  

(a) XY projection ; (b) XZ projection  
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The strengthening of steels with a fine dispersion 

of oxides such as Y2O3 or Y2Ti2O7 imparts excel-

lent creep resistance properties. These materials 

are prepared by mechanical alloying. It is assumed 

that this process provides these nanostructured 

materials by dissolving the yttrium and oxygen 

atoms introduced in the form of nano compounds 

during co-grinding, which, during annealing, bet-

ter control precipitation phase of hardening parti-

cles. The resulting mechanical properties are 

closely related to the fine oxide particles, and the 

mastery of precipitation is thus an important issue 

in the development of these steels.  

Early work showed that the initial levels of Y, Ti 

and O affect the precipitation kinetics. One of the 

objectives of the thesis of S. Y. Zhong was to deter-

mine the effect on the microstructure of a change in 

levels around the reference values usually used. The 

approach was twofold: specify the precipitation 

kinetics, and recrystallization conditions between 

850° and 1450°C. The chosen material as reference 

is a ferritic Fe-14Cr-1W-0, 0-3Ti, 3Y2O3, which 

was available in four other shades having contents of 

Ti, O and Y different. The microstructural analysis 

was performed by coupling the techniques of neu-

tron scattering at small angles (SANS) and transmis-

sion electron microscopy (TEM).  

Dispersions of nano-oxides formed after consolida-

tion in different alloys are quite similar (bimodal 

centered on 2 and 5 nm). After annealing, the de-

tailed study by TEM reveals a consistent crystallo-

graphic structure with the pyrochlore phase of 

Y2Ti2O7 expected for all alloys. On the other hand 

changes during annealing at high temperature ( be-

tween 1300 and 1450°C) show a wide disparity 

(Figure 1): the shape, size and orientation relation-

ship between the particles and the matrix are clearly 

dependent on the material. For alloys with a concen-

tration ratio [Ti]/[Y] close to or greater than 1, nano

-oxides are cubic (Fig. 2), with an orientation coher-

ent with the matrix (cubic on cubic ([100] oxide // 

[100] matrix) and remain small, irrespective of the 

temperature and time of annealing. by contrast, the 

highly doped yttrium alloys ( [Ti]/[Y] < 1), oxides 

are spherical of large size after prolonged annealing 

and relationships orientations are not coherent with 

S. ZhongA, M.-H. MathonA, V. KlosekA, Y. de CarlanB, J. RibisB  

Effect of chemical composition on the coalescence 
kinetics of oxides in the reinforced  steel ODS Fe-14%Cr 

In designing the heart of a nuclear reactor structural 

materials should be selected with a good working 

knowledge of their mechanical properties and their 

behavior under irradiation. The nanostructured oxide 

dispersion (ODS steels: Oxide Dispersion Strengthen-

ing) is a method for hardening steel. These materials 

are considered as structural materials for future nu-

clear reactors (Generation IV, especially for fuel clad-

ding in fast reactors RNR) or the first walls of fusion 

reactors. 

To validate these guidelines, a perfect mastery of the 

development of these ODS steels is required. The pre-

sent study shows that the initial contents of Ti, Y 

and O are crucial for the kinetics of coalescence of 

the oxide particles and the temperature behavior of 

the material, which determine its mechanical prop-

erties. 

                 

 

Figure 1: Study of the kinetics of particle coalescence.  

Distribution of nano-oxides determined by SANS in different alloys in the consolidated state then 
after 1h annealing at 1300°C.   
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the matrix. 

The difference in the relative orientation between 

the precipitates and the matrix can explain the 

differences in behavior during annealing. Energy of 

oxides/matrix interface is strongly dependent on 

orientation relationship and increases with disori-

entation. This parameter is involved in the kinetics 

of coalescence (the period during which the parti-

cles grow at the expense of dissolution of smaller). 

It is normal to observe a pseudo stable oxides for 

alloys [Ti] / [Y] ≥ 1 even at high temperature 

(1450°C), the phenomenon of recrystallization is 

blocked. On the 

other hand it is ob-

served in shades rich 

in oxygen and yttri-

um (Ti] / [Y] <1) 

where the coales-

cence is rapid due to 

the strong interface 

energy associated 

with oxides/matrix 

disorientation.  

This work thus high-

lights the differences 

in kinetics of coales-

cence of oxide pre-

cipitates, depending on the initial content of Ti, Y 

and O. The differences result from the form of 

oxides Y2Ti2O7 and of orientation relations of par-

ticle/matrix, which directly affect the behavior of 

the material under annealing. The implications are 

abundant especially on the mechanical properties, 

crystallization behavior, etc. This research contin-

ues the study of the germination process, seeking 

the origin of coherence relations between the pre-

cipitates and the matrix depending on the alloy 

composition.  

1. Étude des évolutions microstructurales à haute température en fonction des teneurs 

initiales en Y, Ti et O et, de leur incidence sur les hétérogénéités de déformation 

dans les aciers ODS Fe-14Cr1W, Thesis of  S. Y. Zhong (July 2012). 
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Figure 3: TEM observations performed on the alloy doped yttrium (C) showing the spherical shape of oxides and rela-
tionships orientation incoherent with the iron matrix  

 

Figure 2: TEM observations performed on the alloy doped titanium (B) highlighting the cubic 
oxides and orientation relationships perfectly coherent with the iron matrix.   
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It was recently shown that RE/Cr/TM multi-

layers, where RE-TM exchange is mediated by 

antiferromagnetic Cr, display a number of nov-

el magnetic phases,  including switching an 

otherwise AFM Gd-Fe coupling to ferromag-

netic coupling, together with a dominant bi-

quadratic RE-TM exchange coupling over bilin-

ear coupling at certain Cr thicknesses near 

where the oscillatory interlayer coupling (with 

Cr thickness) changes sign. The latter should 

lead to non-collinear ordering. Cr layer thick-

ness in the samples was chosen in order to cov-

er 3 different types of magnetic ordering in the 

system: ferromagnetic, antiferromagnetic and 

non-collinear.  

The [Fe(35 Å)/Cr(t Å)/Gd(50 Å)] ( t = 0-60 

Å) multilayer was grown via magnetron UHV 

sputtering onto a Si substrate with Cr buffer 

(50 Å) and cap (30 Å) layers. The structural 

properties of the multilayer were characterized 

with  resonant x-ray magnetic reflectometry 

(RXMR). Magnetometry measurements were 

performed with a superconducting quantum 

interference device (SQUID). 

Two samples of the series ([Fe(35 Å)/Cr(t )/

Gd(50 Å) )/Cr(t )]12  ( t = 4.4, 7.2 Å)) were 

successfully measured with PNR (PRISM). The 

PNR experiment has been performed at T= 15, 

50, 100 and 300 K in magnetic field 500 Oe 

within saturation. In the experiment, the mag-

M.V.. RyabukhinaA., E.A. KravtsovA  

Temperature driven interlayer exchange coupling  
in Fe/Cr/Gd multilayers 

Ferromagnetic 4f rare-earth/ 3d transition 

metal (RE/TM) multilayers are popular model 

systems showing a rich variety of magnetic 

phases in applied field.  

In particular, complex magnetic order in Fe/Gd 

multilayers is governed by several competing 

mechanisms: enhancement and temperature-

independence of Gd magnetic moment in the 

interfacial region near Fe, strong RE-TM anti-

ferromagnetic coupling at interfaces, and Zee-

man interaction with external fields. 

  

 

Figure 1 : Experimental RXMR, PNR spectra of sample [Fe(35 Å)/Cr(4.4 Å)/Gd(50 Å)/Cr(4.4 Å)]12 for T=44 K, H=500 Oe  
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netic field was applied in the plane of the sample. 

The measurement has shown excellent structural 

quality of the sample and interesting magnetic 

behavior at different temperatures. 

In Fig. 1 we show RXMR, PNR spectra meas-

ured for  samples  [Fe(35 Å)/Cr(4.4 Å)/Gd(50 

Å)/ Cr(4.4 Å)]12. 

We expect to discover novel effects associated 

with strong temperature – dependent non-

collinear ordering  due to dominated biquadratic 

coupling that has not been observed so far in TM-

RE multilayers so we need investigate samples 

with different Cr layer thicknesses at low tem-

peratures from 20 K to 320 K in magnetic fields.  

1. R.E. Camley in Nanomagnetism: Ultrathin Films, Multilayers and Nanostructures, eds D. L. 
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The PRISM (G2.4) polarized reflectometer at LLB 
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The third scientific axis concerns soft matter and biophysics. Flourishing of many new systems, 

combining different components, many involving nanoscales (1-100 nm) has become a major current trend in 

soft mater. At LLB, researchers have developed in similar directions keeping some of the historical specificities 

of the lab.: involving  polymers is one of the components illustrating the advantages  of neutron scattering, i.e. 

labelling and contrast matching, while we often marry the reciprocal space (SANS but also SAXS) with other  

techniques, in real space or at macroscopic scales. The following topics are investigated: nanoparticles and hy-

brid systems; organic systems and self-organization; polymer dynamics; electrostatics complexes. The research 

at the interface of physics and biology is based on three main topics: 1) Proteins in complex media viewed as 

model systems for living environments. Experiments are concerned with macro- or supra-molecular scales and 

their analysis is strongly influenced by our background in polymer physics, statistical physics and phase transi-

tion physics; 2) Local dynamics of proteins and  hydration water in relation with the dynamical transition of  

proteins and their enzymatic activity. Neutron scattering techniques, that are very sensitive to protons, are 

particularly suitable for these studies; 3) Water and its specific properties are fundamentally related to life and 

to the very peculiar properties of some biological molecules like proteins. Here, water properties are studied 

in relation with the dynamics of hydrogen bonds network, the notions of hydrophobicity and confinement. 

AXE 3:AXE 3:AXE 3:   

   Soft Matter and Biophysics.Soft Matter and Biophysics.Soft Matter and Biophysics.   
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The dendronization of a linear polymer chain by den-
drons wedges on each monomer repeat unit leads to a 
new class of macromolecules, called dendronized 
polymers (denpol). The interest of such materials 
arises from their ability to adopt a wormlike morphol-
ogy and from their large number of peripheral chains 
accessible to functionalization. 

We recently reported the synthesis by post-
polymerization functionalization of a series of denpols 
carrying oligo-(ethyleneoxy) peripheral branches, 
whose wormlike core-shell structure was established 
by a combined SAXS-SANS investigation.1 The hydro-
phobic-hydrophilic balance between the core and the 
shell of the denpols makes them thermoresponsive 
and their water solutions show sharp lower critical 
solution temperature (LCST) transitions. 

The observation of the vanishing of the LCST in 
the presence of certain cations revealed a recogni-
tion process, whose comprehensive investigation 
is the subject of this new work. Despite the broad 
screening of cations, recognition was only en-
countered for Ag+ and Hg2+ and titration experi-
ments confirmed that these cations are extracted 
from water. Thermodynamic properties, shifts in 
NMR spectra and molecular modeling confirmed 
the formation of denpol-cation complexes involv-
ing ligand sites within the solvated shell (Fig. 1). 
The work was then focused on silver-denpol com-
plexes. Any silver charge fraction could be seques-
trated by the denpols up to charge fractions of 
two cations per repeat unit. The neutral denpols 
should then become polycations, with a possible 
change of the morphology and the appearance of a 

J. Roesera,b, B. Heinricha, C. Bourgognea, M. Rawisoc, S. Michelb, V. Hubscher-Bruderb,  

F. Arnaud-Neub, S. Mérya 

Dendronized Polymers with Silver and Mercury Cations 
Recognition: Complexation Studies and Polyelectrolyte 
behavior 

Aqueous solutions of wormlike dendronized poly-

mers were investigated. Solutions exhibit a lower 

critical solution temperature (LCST) transition, 

vanishing in presence of either Ag+ or Hg2+ cati-

ons. The change of solubility is due to the specif-

ic Ag+ sequestration and to the formation of 

complexes with ligand sites in the depth of the 

polymer shell. SANS proved the concomitant 

appearance of a polyelectrolyte behavior while 

preserving the polymer morphology. 

  

 

Figure 1: Lower energy conformation for Ag+ interacting with a den-
dron. In the frame the calculated distances from Ag+ to the sulfur and 
oxygen atoms of the dendritic chains   

 
Figure 2 : Scattered intensities normalized to the contrast and 
particle volume fraction at small scattering vectors determined 
by SANS for a polymer (DP = 24) solutions in D2O or TDF (1 
or 2 wt%), in the presence or not of AgNO3 (1 equiv per mon-
omer repeat unit) and of background salt NaNO3 (50 g.L-1).  

10-4 10-3

10

11

12
 D2O (1%) + NaNO3 + AgNO3

 TDF (2%) with fit

 D2O (1%) + AgNO3

 D2O (2%) + NaNO3

 D2O (2%)

 D2O (1%)

 

 

ln
[V

P
(q

)S
(q

) 
 (

Å
3
)]

q2  (Å-2)



 

37 

polyelectrolyte behavior. These points were investi-
gated by SANS. 

In a previous work, [1] the scattering curves of 
the diluted neutral denpol solutions established 
average shapes fitting with spherocylinders of 
roughly 40 Å diameter, whatever the polymer chain 
length and the solvent. The present work demon-
strates that the polymer shape is preserved by the 
incorporation of the cations, since the SANS curves 
of neutral and charged denpols solutions overlap in 
the Porod and intermediate regions. [2] This result 
confirms the expectations from the neutral denpol 
architecture, as it is constrained by the dense pack-
ing at the core shell interface and therefore excludes 
substantial swelling or elongation effects. At small 
scattering vectors, the curves however start deviat-
ing from each other, due to the contribution of the 
different regimes of interactions between polymers 
(fig. 2).  

 

In the neutral polymer solutions, the scattering 
curve in D2O (deuterated water) lies above that in 
TDF (deuterated tetrahydrofurane), because of the 
existence of aggregates in aqueous solution even 
below the LCST. In presence of background salt, a 
further increase is observed, in consistency with 
the enhancement of the aggregation process lower-
ing the LCST. To the contrary, the addition of a 
stoichiometric amount of Ag+ reduces the scat-
tered intensities at small q values and leads to the 
appearance of a correlation peak due to the elec-
trostatic repulsions between polymers and to the 
decrease of the osmotic compressibility. Further 
addition of background salt restores a scattering 
curve coinciding with the one in TDF. Indeed, the 
aggregation process is then prevented by the se-
questrated ions, but the ions in solution screen up 
the repulsive interactions between charged poly-
mers and restore the diluted regime. In the absence 
of background salt, the correlation peak is logically 
found all the more pronounced given the seques-
trated charge fraction is high. The location of the 
peak maximum is independent of the charge frac-
tion, but regularly changes with the concentration 
(fig. 3), as it follows the variation of the average 
distance between neighboring charged polymers.  
To conclude, SANS studies proved without doubt 
that the high sequestration of Ag+ by a dendronized 
polymer with oxathiaether branches transforms 
this polymer in a novel type of polyelectrolyte with 
all typical features of polyelectrolytes but with a 
specific dendronized polymer worm shape. This 
shape is not significantly modified by the formation 
of the polyelectrolyte, but the process involves the 
dissociation of the aggregates and the rapid vanish-
ing of the LCST. Finally, the remarkable chelating 
properties of the dendritic polymer shell in regard 
to Ag+ could be used in the design of materials 
with potential applications for waste treatment, 
chemosensors, or antimicrobial and antibacterial 
surfaces. 
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Figure 3 : Scattered intensities normalized to the contrast and the particle volume fraction 

at small scattering vectors determined by SANS for solutions in D2O, with 1 equiv of  

AgNO3 of polymer (DP = 24) at variable concentration of polymer. 
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This work aims to investigate the role of the con-

finement on the polymer dynamic. While most of 

the confinement studies were dedicated to thin 

films geometry, only a few were being conducted 

on the nanoparticles geometry. The nanoparticle 

geometry has several advantages as it leads to a 

larger surface area than thin films and an isotropic 

confinement. We have shown that it is possible to 

probe directly the relaxation time of polystyrene 

in nanoparticles using the kinetic of void closure 

between close-packed particles. In these experi-

ments, we found that when water is evaporated 

from the particle suspension in the glassy regime, 

the particles remain spherical and form close-

packed structures separated by interstices (voids). 

The presence of free surface area within these 

interstices (Fig. 1) is what gives the confined par-

ticularity to the polymer.  

The air/polystyrene surface tension 

 P/a (P/a = 0.03 N/m2)  

in the voids generates negative Laplace pressure  

Plap = P/a Svoid/Vvoid  

(where Svoid and Vvoid are the surface and volume of 

the voids) which close the voids and deform the 

particles. The scattering peaks vanish within a few 

minutes when the samples are annealed at bulk Tg 

(Fig. 1) but remain unchanged over 3 years at 

room temperature.  

 

Y. Rharbia, F. Boué,b Q. Nawaza  

The glassy dynamic of confined polymer nanoparticles  

The dynamic of confined polystyrene in nano-

particles was investigated in particles as small 

as 42 nm. The relaxation time was extracted 

from the dynamic of closure of voids between 

close packed particles. The particles deform 

under the effect of the surface tension energy 

(polystyrene/air), and the deformation is 

probed via small angle neutron scattering. Both 

the shift factor and relaxation time of the con-

fined PS was found to follow a bulk dynamic 

between bulk Tg and Tg -50°C, for particles as 

small as 42 nm. This data was interpreted to 

indicate that cooperativity resulting from the 

contacts between particles inhibits the eventual 

activation of the surface dynamic.    

 

Figure 1 : SANS spectra of 93 nm during annealing at 100 °C (a). Inset: 
schema of particle deformation and void closure during annealing.  

 

Figure 2 : Deformation strain (t) calculated from the intensity 

peak at 100°C for various particle size polystyrene.  

0

0.06

0.12

0.18

0.24

0.3

0.36

0 1200 2400 3600

 
(t

)

Time (sec)

42 nm 62 nm

93 nm

 



 

39 

The scattering intensity reflects the evolution of 

the void volume (Vvoid (t)) as  

I(t)  (Vvoid(t))2  (Vvoid(0))2 (1-(t)/0.36)2,  

where (t) is the deformation rate of the particles  

(t) = 0.36×(1-(I(t)/I(0))1/2) (Fig. 2).  

The deformation is creep-like particularly for 

small (t) values where the stress can be consid-

ered constant leading to a linear dependence of (t) 

on time  

(t)  t/void  

(void is the characteristic time for void closure). 

The shift factor and relaxation time of the poly-

mer within the particles can be estimated form 

model independent method (shift factor) or using 

Frenckel modified JKR or Russel models for void 

closure  

.  

The <> from nanoparticles is found to be 

similar to the bulk <> from the SHG for 

temperatures between bulk Tg and Tg-50 °C for 

all the particle sizes between 93 nm and 42 nm.  

The <> at room temperature represent an 

estimate of the lower limit of the relaxation 

time and is added in Fig. 3 as indication. These 

results prove beyond a doubt that the dynamic 

of polystyrene in particles adopts all aspects of 

the bulk a relaxation in the glassy regime when 

the particles are in a close packed morphology. 

These results suggest that the free surface be-

tween the particles does not activate the poly-

styrene dynamic contrary to what is expected. 

We suggest that the eventual depression of Tg 

in freestanding particles and the activation of 

the dynamic could be inhibited via dynamical 

cooperativity between neighboring particles. 
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Figure 3: The average relaxation time <> vs. the inverse of tem-
perature during void closure for particle sizes 42 (¨), 62 (■) and 93 

nm (▲). The <> for nanoparticles is compared to the <> of 
bulk PS made from the same particles using the creep compliance (○) 

and to the bulk <> form the SHG on other PS sample. The temper-
ature is normalized to the bulk Tg. The error bar is estimated is esti-

mated from the various models for calculating <>. 
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Figure 2 : Deformation strain (t) calculated from the intensity 

peak at 100°C for various particle size polystyrene.  
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The vesicles or liposomes, closed structures separat-

ing an aqueous domain equally aqueous continuous 

phase thanks to a lipid bilayer, represent a basic 

model of a biological cell. A cell remains however 

more complex, since the membrane has in fact sev-

eral types of lipids, many membrane proteins and is 

connected to an internal cytoskeleton. 

However vesicles are also objects that one seeks to 

control for transporting molecules of interest as 

drugs and release them in a controlled manner. They 

can also become nano-reactors where one seeks to 

replicate the conditions of confinement for chemi-

cal reactions. If the lipid bilayers are fragile and 

difficult to use, vesicles made of a polymer mem-

brane (polymersomes) can be handled more easily 

and featured of various chemical functions thanks 

to the richness of the polymers used.  

A complication, which may also be a benefit factor 

is that the vesicles change shape during their trans-

fer from one medium to the other due to the vari-

ation of osmotic pressure (due to the concentra-

tion of solute). The polymers membranes, alt-

hough less permeable to water than their counter-

parts lipid, react to these situations of osmotic 

imbalance in letting through water (rejection of 

water in a solution of excess solute, water absorp-

tion for internal concentration higher than that of 

the environment). In the case of a water rejection, 

which form does a nanoscale polymersome 

(typically 100 nm in diameter) adopt when it has 

too much surface relative to the enclosure volume 

to remain spherical? 

The answer depends on the size of the poly-

mersome and the nature of the membrane.  

For membranes made of a bilayer of copolymer as 

with PDMS-g-PEO, hypertonic osmotic disequi-

librium allows the vesicle to achieve an original 

state of nested vesicles resulting in a membrane 

fusion during the wall folding when the internal 

volume is reduced. These double-walled vesicles 

R. SalvaA,B, J.-F. Le MeinsA, O. SandreA, A. BrûletC, M. SchmutzD, P. GuenounB, S. LecommandouxA 

Manipulation of the shape of polymeric vesicles  

Vesicles, simple membrane compartments iso-

lating two aqueous media, are proposed as 

chemical nano-reactors or carriers capable of 

transporting and delivering to a targeted loca-

tion molecules of interest, in imitation of bio-

logical functions (the study of the exchange 

between cells via vesicles is the object of the 

Nobel Prize in Physiology or Medicine, 2013). 

Consisting of a single membrane vesicle is also a 

coarse model, but simpler, of a biological cell.  

The present study focused on vesicles enclosed by 

a membrane composed of self-assembled copoly-

mers (polymersomes), whose properties of me-

chanical resistance and permeability are very 

high. This research, a collaboration between 

researchers of CEA-Saclay and the University of 

Bordeaux-ENSBCP published in ACS Nano, 

shows that polymersomes made of diblock copol-

ymers can form double-walled vesicles, under 

the effect of intense constraints sustained dur-

ing osmotic shock. These effects have been wide-

ly explored, because the shape of the vesicles is 

an essential element of bio-distribution and 

cellular internalization (endocytosis), for which 

the polymersomes are excellent candidates to-

day. 

 

 

Figure 1 : Double wall vesicles. 
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are highlighted by electron microscopy under low 

temperature (cryoTEM) but also by neutron scatter-

ing. The combination of both techniques can elimi-

nate observation artifacts and achieve a very good 

statistics on the membrane thickness measurements 

when changing shape. It is observed that for poly-

mersomes too small (less than 23 nm radius), the 

complete folding requires too much bending energy 

and nested vesicles are not formed.  

It is also possible to form the polymersomes with 

triblock polymers and the membrane is then formed 

as a monolayer like for the PEO-b-PDMS-b-PEO 

polymer. Then the conformation of the polymer 

prevents the formation of double-walled vesicles 

because membrane fusion would require to lose 

too much conformational entropy (hairpin for-

mation), or interfacial energy.  

The discovery of these deformation pathways of 

polymersomes were obtained through a collabora-

tion between the LIONS IRAMIS/SIS2M, the La-

boratoire Léon Brillouin, the LCPO ENSBCP Bor-

deaux and Charles Sadron Institute in Strasbourg. 

These results were published in ACS Nano. 

1. Polymersome shape transformation at the nanoscale, R. Salva, J.-F. Le Meins, O. 
Sandre, A. Brûlet, M. Schmutz, P. Guenoun & S. Lecommandoux, ACS Nano, 7 (10) 
(2013) 9298. 
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Figure 2 : Scheme of the transformation by an osmotic deflation of an initially spherical vesicle to form a "nested"  bi-lamellar vesicle. The form 
obtained is the function of reducing the volume of the vesicle. The color (light green and dark green) are respectively, the inner and outer faces of the 
initial vesicle. All forms preserve a symmetry of rotation about the vertical axis. 

 

Figure 3 : Left: in a hypertonic osmotic shock polymersome shape evolves towards two nested polymersomes. Right: intensity of  neu-
tron scattering at small angles by polymersomes. The waveform bears the signature, at the dotted square, of the formation of nested 
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The use of controlled polymerization methods in 

recent years has led to the development of poly-

mers with temperature-sensitive blocks whose 

architecture can be modulated and controlled 

and which can self-organize in different aggre-

gates depending on the temperature. These stim-

ulable compounds have many applications, eg in 

nanomedicine and catalysis. We have shown that 

the catalytic activities (induction time, kinetic 

constant, activation energy ...) of gold nanopar-

ticles stabilized by heat-sensitive polymers are 

modulated at will by the chemical nature and the 

architecture of the polymer, in addition to tem-

perature. [1,2,3]. 

In  this study, our aim is, firstly, to characterize 

by Small Angles Neutron Scattering (SANS) the 

objects formed in aqueous solution by thermo-

sensitive block-polymers as a function of temper-

ature (Figure 1). Secondly, we will analyze the 

behavior of these polymers when nanoparticles 

are present  in solution. The different families of 

copolymers were synthesized at IRMCP by 

RAFT/MADIX-type controlled radical polymer-

ization  

The thermosensitive block is the poly(N-

isopropyl acrylamide) (PNIPAM). The  hydro-

phobe block is made from poly(n-butyl acrylate) 

(PABu). Various polymers with different  archi-

tecture and chemical content were elaborated on 

that basis: 

- di-block polymers: PAbu2k-b-PNIPAM8k , 

PABu5k-b-PNIPAM5k and PBA8k-b-PNIPAM2k 

- tri-block polymers: PNIPAM4k-b-PBA2k-b-

PNIPAM4k, PNIPAM2.5k-b-PBA5k-b-PNIPAM2.5k 

and PNIPAM1k -b-PBA8k-b-PNIPAM1k 

These polymers were charaterised by size exclu-

sion chromatography which evidenced the di– or tri

– block character of these polymers, their molar 

mass and their dispersivity; NMR spectroscopy 

confirmed  the PABu/PNIPAM composition of 

these polymers. 

These polymers are solved in aqueous solution. 

Due to their amphiphilic character, they lead to 

the formation of colloids at 25°C, which are 

characterized by dynamic light scattering and 

SANS.  In addition, the thermosensitive group of 

PNIPAM possesses a transition at about 32°C  

which induces the formation of new aggregates 

which are also characterized. Consequently, in a 

previous study (experiment #9820 at LLB), we 

have  demonstrated that the di-block polymers 

(PABu-b-PNIPAM) evolve from a structure made 

from nm-size spheres at 25°C to one made from 

spherical aggregates of 35-40 nm size at 40°C, 

according to the mass of the polymers consid-

ered.  

In this new set of experiments, the tri-block pol-

J.-D. MartyA, N. Lauth-de ViguerieA, A. BrûletB  

 Structure of colloidal thermosensitive systems  

Amphiphilic block polymers, exhibiting a ther-

mosensitive block and various types of architec-

ture (di-block, tri-block,…) or chemical compo-

sition have been synthesized. Their aggregation 

in solution below and over the cloud point was 

probed using Small Angles Neutrons Scattering. 

This study shows the influence of macromolecu-

lar parameters on the size of the objects formed 

and on their aggregation kinetics. 

Figure 1:Agrégation of gold particles stabilized by thermosensitive polymers in aqueous solution. 
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ymers considered were characterized. In order to 

obtain the scattering curves, three Q-ranges (17Å 

- 5m), (7Å - 3m) et (7Å - 1m) were explored.  

 

The scattering curves obtained from three sam-

ples in D2O with various compositions were rec-

orded at 2 temperatures (20°C and 36°C). The 

Figure 2 shows an example of such a curve for a 

thermosensitive solution made from tri-blocks 

PNIPAM4k-b-PABu2k-b-PNIPAM4k at  0.5% con-

centration and the corresponding fits by a core-

polydisperse shell model. 

The tri-block polymers have shown aggregation 

modes at high or low temperature which are 

more or less similar (in a matter of size or mor-

phology) to those observed for di-blocks poly-

mers: at low temperature, nm-size objects are 

observed, which aggregate when the temperature 

rises and form spherical objects with a radius of 

~27nm (Figure 2a). However, their aggrega-

tion/disaggregation kinetics are significantly dif-

ferent, with slower observed speeds of reaction. 

The addition of gold nanoparticles to these solu-

tions leads to a clear modification of the SANS 

signal. This demonstrates the restructuration of 

the polymer around the gold nanoparticles. Anal-

yses are currently performed in order to under-

stand better this reorganization and the influence 

of temperature on it. 

1. S. Sistach, M. Beija, V. Rahal, A. Brûlet, J. D. Marty, M. Destarac and C. Mingotaud, 
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References  

Figure 1 a) Scattering by a thermosensitive 
solution of  tri-block PNIPAM-PABu-PNIPAM 
polymers and best fit by a core-polydisperse 
shell model. Corresponding diameter and elec-
tron microphotograph at T=36°C. Scattering 
curves at 36°C showing a modification of the 
aggregation in the presence of a low concentra-
tion of 4-5 nm particles. 
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Although cocoa-butter crystallization has been 
subject to research for many years, no uniform 
nomenclature for the various phases of cocoa-
butter exists. A combination of the greek let-

ters (γ, α, β' and β) and Roman numbering 
system (I–VI) is used (Wille and Lutton, 1966) 
to denote the different phases, resulting in a 

puzzling ensemble with γ, α, β' and two β 

phases: β (V) and β (VI). Each cocoa-butter 
phase has its own physical characteristics, such 
as melting range and relative stability. Choco-

late preferably should be crystallized in β (V) or 

β (VI) phases, but the crystallization of these 
phases from the melt under static conditions is 
only possible using the memory effect of cocoa-
butter. Under all other conditions, undesirable 
polymorphs with lower melting temperatures 
develop. During chocolate manufacturing, the 
most frequently applied procedure for obtain-

ing stable form β(V) involve a well-defined 
cycling in temperature of the cocoa paste under 
shear, which induces the formation of a small 
proportion (1–3 vol%) of seed crystals. 
Through this process, the remaining fat solidi-

E. AngelardA, C. BrochetA, A. DavidA, L. GehinA, E. GorlinA, A. LeboullengerA, A. MourchedA, C. Alba-

SimionescoB, D. BonnetC, P. CayotA, D. ChampionA, F. CousinB, C. LoupiacA,B, F. PorcherB, P. SmithC 

Impact of sucrose replacement by maltitol on cacao butter 
crystallisation, texture and fat blooming 

Crystallization is the critical step in making 

chocolate and confectioneries. Poorly crystal-

lized chocolate or chocolate stored under wrong 

conditions suffer the formation of fat bloom, a 

white film at the chocolate surface. Bloomed 

chocolate not only looks less appealing, but it 

also has a less attractive mouthfeel on the pa-

late.  

The preliminary work performed at LLB aimed 

to observe the crystallization behavior of 3 dif-

ferent samples of cacao butter and examine the 

role of sweeteners in sugar-free chocolate 

sample.  http://fr.wikipedia.org/wiki/Chocolat 

 

Figure 1 : Neutron diffraction patterns of seeded cacao butter (blue), tempered cacao butter (red) and un-seeded/un-

tempered cacao butter (green). The results indicate that the conventional tempering process allows obtaining stable β 

form. (G6.1 diffractometer, λ= 4.746Å, sample-detector distance = 950cm, 15minutes scans)  
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fies around the seeds, which induces the correct 
polymorphic form (Afoakowa et al., 2008). The 
“conventional tempering” has four key steps: (i) 
complete melting at 50°C (at least); (ii) cooling 
to the crystallization point at 32°C; (iii) second 
crystallization at 27°C; and (iv) melting out un-
stable polymorphs at 29–31°C.  

The first aim of the present work was to observe by 
neutron diffraction (figure 1), the crystallization 
behavior of 3 different samples of cacao butter: 1- 
first sample (called “tempered” in figure 1) corre-
sponds to cacao butter after the "conventional tem-
pering" ; 2- Second sample (seeded) corresponds to 

cacao butter after the addition of seeds (stable β 

form); and the third sample (un-seeded/un-
tempered) corresponds to cacao butter  obtained 
without any tempering steps or seeds addition ; In 
this case, raw cacao butter has just been melted at 
60°C and then freeze at 0°C. Figure 1 presents the 
crystallographic patterns obtained for these 3 
samples, and confirmed that the conventional tem-

pering process allows obtaining stable β form.  

The second aim of this study concerns sucrose-free 
chocolates, which have become popular because of 
their reduced calorific values, non cariogenicity and 
tolerance for diabetics (Olinger, 1994). As sucrose 
forms more than 40–50% of solids dispersed in fat, 
its impact on functional properties (including 
sweetness, stability, particle size distribution, 
mouthfeel), and on the rheology of the product is 
crucial (Jeffery, 1993). We examined the conse-
quences of the replacement of sucrose by sweeten-
ers, in this study, the maltitol. The results obtained 
by texture analysis are shown in Figure 2. The force 
to apply to break samples of cacao butter (7N) is 
smaller than the one to break mixture of sucrose-
cacao butter (16N) and both are even smaller than 
the one to break maltitol-cacao butter mixture  
(24N) (see Figure 2).  

We also followed the crystallization of these differ-
ent samples (mixture of cacao butter with sugars) 
by calorimetry and neutron diffraction (G6.1, 
LLB). Finally, we used neutron reflectivity (EROS, 
LLB) to study the interface between model triglyc-
erides and the different sugars (sucrose or maltitol).  
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Figure 2 : Impact of sucrose replacement by maltitol on chocolate model texture. The results indicated that maltitol strongly 
changed the texture of model chocolate  
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The “MUSE” spectrometer  

The spin-echo spectrometer produced his 
first echoes back in 1996, it was constructed 
jointly by the Technische Universität Mün-
chen, who was preparing the construction of 
the FRMII reactor and the Laboratoire Léon 
Brillouin. It uses the resonance principle, as 
an alternative to the spin echo introduced by 
Ferenc Mezei in 1972 [1], developed by 
Roland Gähler and Bob Golub in the late 80s 
[2]. In Neutron Resonance spectroscopy, the 
echo is produced by four radiofrequency 
flippers that combine a static (B0) and a ra-
diofrequency field (RF pulsation w), linked 
by resonance condition for the neutron spin 

(w=NB0), where N is the neutron gyro-
magnetic ratio. In fact, the range of frequen-
cy of such coils is rather limited and the res-

onance spin echo is bounded in the low fre-
quency range by the Bloch-Sieger shift; the 
oscillating field can be described by an asso-

The neutron spin-echo spectrometer at the in Laboratoire Léon Brillouin in Saclay uses mixed resonance and conventional spin-

echo principle to cover 4 decades in time for a given wavelength. Solenoid type coils are used for the measurements of the short 

times whereas the long time range is covered by the neutron-resonance principle. We recently installed new resonance coils in 

order to achieve longer times and better stability. The coils were designed to perform up to a radiofrequency of 1 MHz, which 

corresponds to static fields around 350 Gauss. With a wavelength of 5Å (maximum of the wavelength distribution) the accessi-

ble time ranges from 0.5 ps to 6.2 ns, and from 4 ps to 50 ns at =10Å.  

ciation of two counter rotating fields. One 
follow the spin rotation and the opposite 

field (in the clockwise direction since N is 
negative)  can be considered as a perturba-
tion. The lower the static field (i.e. small spin 
echo times) the more the perturbation induc-
es a loss of the beam polarization.  In prac-
tice, for frequency below 50kHz there is a 
strong decrease of the amplitude of the echo 
and static coils are used to produce a Mezei-
type spin-echo. Above 1MHz which corre-
sponds to static field of 350 G, the coil cool-
ing becomes an issue. Due to the necessary 
transparency to neutrons, the coils must be 
built of aluminum. Despite the limited time 
range covered by resonance option it is nev-
ertheless an interesting choice for at least two 
reasons: 1) the fields remain localized and 2) 
the continuity of the field line around sample 
position is not an issue. Therefore this type of 
spectrometer is very compact and it is well 
adapted for high angle measurements. 
Whereas other parts of the spectrometer 
were progressively replaced since 1996, the 
resonance coils remained the same. In 2012, 
we replaced the 4 bootstrap resonance coils 
by in house constructed ones [3] with higher 
frequency ranges (Figure 1). The changes in 
the characteristics of the coils necessitate a 
rather long period of tuning to obtain the 
optimum possibilities of the RF circuits. At 
present they are routinely used up to 400 
kHz in the bootstrap mode, the 1MHz fre-
quency should be reached after changes in the 
impedance adaptor which is under construc-
tion. A few years ago we also decided to start 
the development and construction of a multi-
angle option to gain a significant counting 
rate by covering simultaneously scattering 
angles spanning over 25°. The critical aspect 
of the project is the construction of curved 
resonance coils with a sufficient homogenei-
ty, which is not obvious if one considers the 
loss of a symmetry plane. Figure 2 presents 

Figure 1: New flat resonance coils of the spin echo spectrometer  
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the first prototype of RF coils with a radius 
of curvature of 40 cm, as well as test meas-
urements of the homogeneity of the RF 
field. The deviation of the amplitude of the 
RF field remains below 1% of the central 
value over 30°. Figure 3 shows the drawing 
of the same RF coil imbedded in its static 
coil together with the cooling device. As for 
the new flat coils, simultaneous air and wa-
ter cooling circuits are used. The full device 
is under construction. When the multi angle 
option of the spectrometer will be opera-
tional we expect to increase the counting 
rate by 2 orders of magnitude, while keeping 
the same time domain in a single wavelength 
measurement (4 orders of magnitude). For a 
measurement at 5Å, which corresponds to 
the maximum of the neutron flux distribu-
tion, we expect to cover simultaneously a 
time domain ranging from 0.5 ps to 6.2 ns, 
over a scattering angle of 25 degrees. At 
longer wavelengths we expect to reach a 
maximum time of 50ns.  

Figure 2: Left: curved radiofrequency coils for the future multi-angle option, with a radius of curvature is 40 cm (coil 3)  it covers a scattering angle of 
30°. Right: measurement of the homogeneity of the field as a function of the angle in degrees. The homogeneity is better than 1% over more than 25°.    

Figure 3 : Drawing of the RF coil embedded in the static coil B0. 
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IMAGINE: a new cold neutron imaging station at LLB 

Technical specifications  

IMAGINE (Fig.1) is located in the neutron guide 
hall on a cold neutron guide. The guide cross 
section is 25 mm x 50 mm and delivers cold 

neutrons with 3Å <λ<20 Å. The spectrometer 
sits on a marble floor and the detector position 
can be easily moved up to 10 m from the source 
allowing L/D = 400. In a typical configuration 
(FOV = 80 mm, source 20 mm diameter, L = 
4m), the flux is 2x107 neutrons/s/cm². In the 
present state, a sCMOS camera (from Photonics 
Science) coupled with various scintillators (50 -
100 µm thickness) is used for the data acquisi-
tion. The sample is set on a table which allows 
up and down movements together with a 360° 
sample rotation for tomographic measurements. 
The table can accept loads above 100kg. A con-
crete casemate is after the pin-hole gives access 
to a velocity selector or a chopper. Various sam-
ple environments are (or will) be available short-
ly: humidity chamber, gas chamber, furnace, 
liquid cell, pressure cell. Future evolutions in-
clude the setup of the velocity selector and access 
to polarized neutrons. At longer term, time-of-
flight measurements shall be performed, when a 
proper detection system is available.  

Scientific case  

Neutrons imaging is a non-destructive and non-

invasive technique which allows to obtain materi-

als structural characterization and defects at the 

microscopic length scale. Neutrons penetrate 

most materials to 

depths of several 

c e n t i m e t e r s . 

Classically, neu-

tron imaging has 

been used for 

quality control in 

industries that 

require precision 

machining such 

as aircraft or 

motor engineer-

ing. Neutron 

tomography has 

also been used in 

the cultural heritage studies to authenticate 

paintings and examine artifacts made of metal or 

stone. Due to its high sensitivity to hydrogen, 

neutron radiography and tomography can be 

C. LoupiacA,B. S. DesertB, A. HelaryB, F. OttB  

used to measured humidity transport in soil. It is 

also a valuable non-invasive tool to study in situ 

root development in soil. Today, one important 

application of neutron radiography is in testing the 

performance of fuel cells (in operando) by imaging 

water or hydrogen flow in situ. The scientific case 

of IMAGINE station already allows to cover all 

these classical topics.  

First Experiments on IMAGINE 

The first measurements performed on IMAGINE 

station deal mostly with agro-food science.  

1- Quality grading of cork stoppers: amount of 

defects inside the material 

A. TachonA,B,C, T. KarbowiakA, C. LoupiacA,B, R. 

GougeonA,C, J-P.BellatD 

Cork is used in a variety of products going from 

construction materials to gaskets, but its most im-

portant use is as a stopper for premium wines. The 

technology of stopping wine bottles with cork 

originated in 1680 with the first use of cork to seal 

Champagne by Dom Pierre Pérignon. The princi-

ple requirements for using cork as stoppers are the 

homogeneity of the cork and the loss of cavities 

and / or cracks. The quality grading of cork is 

based on visual analysis taking into account the 

three main types of defects: pores (lenticular chan-

nels), physiological anomalies (nails, clay), patho-

genic anomalies (insect galleries). All these inspec-

tions allow to analyzing only the external surface of 

the stoppers. Thus cracks or holes inside the stop-

per are not detected. When viewed from a radial 

perspective, the cork cellular structure is a homo-

geneous tissue of thin walled cells orientated in an 

alveolar, honeycomb type pattern of hexagonal 

sections with no intercellular spaces. When viewed 

from an axial or a tangential perspective, the cells 

appear as rectangular prisms stacked base to base, 

parallel to the radial axis (Silva et al, 2005). Aver-

age cork cells are 45 μm tall with a hexagonal face 

of 20 μm and with a thickness of 1 μm. The first 

objective of the experiments performed by neu-

tron imaging on cork stoppers with IMAGINE was 

to compare the amount of defects between natural 

cork Grade 0 (high quality) and Grade 4 (low qual-

ity), evaluating the empty space volume into differ-

ent samples of each quality. Figure 2 presents the 

image obtained for two samples of different 

grades.  

 

Figure 1: The IMAGINE station 
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2- Milk powders dissolution in water: impact of 

agglomeration and formulation 

C. LoupiacA,B and A. AssifaouiA 

Milk protein powders are used as ingredients by the 

food industry in many applications which generally 

require the powder to be dissolved back into aqueous 

medium. The process of reconstitution of the powder 

in water can be divided into different steps: wetting, 

dispersing and dissolving (Marabi, 2007). Among these 

steps, the wetting of the particles is very often the rate

-controlling step (Gaiani, 2009). The study of flow of 

liquid through porous materials finds a big importance 

in numerous domains and various imaging techniques 

(X-Ray, NMR and Neutron) were developed to visual-

ize it through a material. The aim of these experiments 

was to better understand the impact of powders ag-

glomeration (tableting), and composition on the dis-

persion steps and more particularly on wetting, and 

dissolution. Skimmed milk and sodium caseinates pow-

ders (functional milk powders) have been studied. 

These powders were formulated in the presence of 

various excipients which have to either allow the faster 

dissolution of the 

tablet, or on the con-

trary delay it, for 

example: methyl-

cellulose (thickener 

used for tablet coat-

ing) maltodextrin and 

lactose (dispersing 

agents). Milk pow-

ders have been ag-

glomerated to form 

tablets of 3 mm. Ki-

netics of dissolution of these different samples have 

been studied by neutron imaging after addition of wa-

ter. Images acquisition have been as fast as 

possible (40 s) to be able to follow the fast 

kinetics. Figure 3 presents a tablet of milk 

powder after few minutes of hydration. 

     3- Grapevine root growth: beneficial 

effects of arbuscular mycorrhizal fungi 

M. AdrianE, S. TrouvelotE, E. BernaudE, 

D. WipfZ, L. BonneauE, C. SalonE, C. 

LoupiacA,B, R. GougeonA,C 

Most grapevine varieties are susceptible to cryptogamic dis-

eases and numerous treatments are required to ensure the 

quantity and quality of the harvest. In an objective of sustain-

able viticulture, there are increasing societal request, politi-

cal incitation and winegrower’s awareness to reduce the use 

of pesticides. For these reasons, alternative / complementary 

strategies of 

protection are 

invest igated. 

One of them is 

the use of elici-

tors to induce 

plant resistance 

to pathogens 

by stimulation 

of their innate 

immune sys-

tem (for re-

view, see Adri-

an et al., 

2012). Some 

plants know 

how to recog-

nize and ex-

ploit other 

bodies, in par-

ticular germs 

present in the soil, which help them by facilitating the access 

to the water and to the mineral elements which, with the 

CO2 of air, constitute their nutrients. For example, Arbus-

cular Mycorrhizal (AM) fungi are able to establish a symbi-

otic interaction with the roots of 80% of plant families. AM 

fungi lead to a root morphology modification and develop-

ment of a complex ramifying network in soil which allows 

for the plant to better explore the soil.  

1. Trouvelot , A.M., Gamm S., Poinssot M., Héloir MC. 
Daire X,.2012.Progress in Biological Control, Plant 
Defence: Biological Control. JM. Mérillon and KG. Ra-
mawat eds, Part 4, Vol12, 313-331 

2. Silva, S. P.; Sabino, M. A.; Fernandes, E. M.; Correlo, 
V. M.; Boesel, L. F.; Reis, R. L.,  Int. Mater. Rev. 2005, 
50, 345-365  

3. Marabi A., Mayor G., Raemy A., Bauwens I., Claude J., 
Burbidge A., Wallach R., Sam Saguy I., 2007, Food 
Research International, 40, 2007, 1286-1298 

4. Gaiani C., Scher J., Schuck P., Desobry S., Banon S., 
2009, Powder Technology, vol190, 2-5 

 

Figure 2: a- three dimensional structure of the cork from Silva et al. 2005 / b: Neutron radiographies of 
two slides of different qualities cork stoppers ( IMAGINE instrument, 120 s exposure, 100 µm scintillator)   

 

Figure 3 : (left) Tablet of milk powder after few 
minutes of hydration in its aluminum cell (right) 

Neutron radiography performed in 40s on IMAGINE 

 

Figure 4: Neutron images of a grapevine herbaceous 
cutting cultivated by the AgroEcology team (Dijon) in 
an aluminium flat container (LLB design, Helary A.). 
The left « black and white » image has been performed 
with an image plate detector (neutronography station 
G4.5) and the right color one comes from the IMAG-

INE station (40 s of exposure)  

References  
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A NEW DETECTOR FOR PAXY 

A. LappA, V. ThevenotA, 

A Laboratoire Léon Brillouin 

CEA/CNRS UMR 12, CEA 

Saclay, Gif sur Yvette, France 

alain.lapp@cea.fr 

Context  

PAXY BF3 multidetector (1.2 bar) dated from 

1971, its replacement by a 3He detector was 

decided in 2009. Selection of LLB went to-

wards a unitary 12 bar 3He multi-tube multi-

detector, named MAM 128, designed and 

produced by ILL. The contract for this pro-

duction also included an identical detector 

with associated electronics for the small angle 

spectrometer PA20. After preliminary tests on 

the D33 spectrometer at the ILL, the first de-

tector, named MAM128 # 2 (the first being 

that of D33), was installed in the detector tank 

of PAXY from July 2013 to January 2014. 

Installing this new hardware called the joint 

expertise of the “Instrumentation”, 

"Electronics" and "Computing" groups from 

the LLB. 

 

MAM128 #2 Detector Specifications:  

The technical features of the new sensor are as 

follows  

 128 tubes of rectangular section (5 mm 

* 7mm), made by electro-erosion, 64 

cm long and spaced by 5 mm.  

 A pressure of 12 bar 3He-Ar + CO2.  

 A detection area of 4096 cm2 (to be 

compared to 3217 cm2 for the old cir-

cular detector) which multiplies the q 

range by √2.  

 A much better efficiency than that of 

the former detector for wavelengths 

greater than  = 4Å. At 6 Å, the effi-

ciency rises from 18% to 91% (gain x 

5). This gain is visible on the measure-

ments of the flux received by the detec-

tor (Figure 3).  

 A dead time  (minimum time between 

the discrimination of two events) sig-

nificantly reduced.  

The measurement of the dynamic sensivity  

 

 

was estimated by comparing the signal meas-

ured with variable-thickness attenuators in-

serted in the beam, with or without a 1 mm 

sample of plexiglas. This procedure showed 

that the dead time of the detector is (3.1 ± 

0.4) x10-7 s. This means that a factor of 10 was 

won over the old detector.  
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Figure 1: Unmouting the old BF3 detector and mounting the new one 

Figure 2: One of the first image : silver behenate  

Figure 3: Comparison of the flux measured on the old and 
the new detector according to the wavelength. 
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 THREE SPECTROMETERS COMING SOON: G44, PA20, HERMES! 

The Powder High Resolution Diffractometer G4.4 

G4.4 will be a high resolution « banana-type » diffractometer optimised for the 

structural studies of medium/large cell crystalline compounds. It will replace the 

former G4.2 diffractometer, operated in cooperation with PNPI Gatchina, which 

was shut down in 2004. It will complete the pool of powder diffractometers pro-

posed by LLB (3T2/G4.1/G6.1). With its Ge(hhl) monochromator, it will pro-

pose 3 wavelengths (2.3/2.8/1.8Å)   with a maximal diffraction angle 2 ~160°. 

Typical acquisition time will be 12-24h/scan. 

Applications 

G4.4 will be optimised for studying nuclear and magnetic structures of materials 

with a period of ~20Å. Typical applications will be zeolite-type systems, fuel-cell materials, pharmaceutical, (multi-)ferroic 

compounds...  

Testing the detection electronics of G4.4 

The SANS spectrometer PA20 

The new Small Angle Neutron Scattering (SANS) instrument PA20 will replace 

PAXE and PAPYRUS instruments at LLB-Orphée. It will extend LLB's capabili-

ties in SANS, providing a polarized neutron option and a Grazing Incidence 

SANS (GISANS) mode, together with an improved dynamical Q-range. The total 

length of PA20 will be 40 m, including a 19 m-length collimation, a 20 m detec-

tor tank containing high-resolution/high-emciency XY detectors, and a casemate 

containing a velocity selector (λ = 0.3 − 2 nm), a chopper system for Time-of-

Flight (TOF) mode, a polarizer and a RF spin flipper.  

Applications 

SANS is especially well adapted to research in soft matter, materials and nanosci-

ences and SANS is particularly powerful in the studies of complex systems, with 

isotopic labeling and contrast variation method, but also for large-scale struc-

tures (magnetic or not). PA20 will allow faster measurements, with "single-

shot" access to a wider range of scattering vectors, on possibly small samples 

(few mm in size). In addition, polarized neutrons will enable magnetic studies in 

both SANS and GISANS configurations. Studies of nanostructured surfaces and 

interfaces (deposited or embedded nano-objects), magnetic domain formation, 

multilayered materials or magnetic thin films through specular and off-specular 

signals will be possible through GISANS setups.  

Up: 3D view of PA20 in the Hall of Guides—Down: 
The G5 guide and the red casemate of PA20 in 2013. 

The HERMES reflectometer 

The HERMES reflectometer (Horizontal Enhanced Re-

flectometer for the MEasurement of Surfaces) is the up-

grade of the former EROS machine, which moved to G6.2 

position at the arrival of the new IMAGINE neutronogra-

phy station. Compared to EROS, HERMES will benefi-

ciate of a new detector stage with a multidetector and a 

new end-guide position.  Like EROS, HERMES will be 

specially dedicated to the study of interfaces in liquid sys-

tems, thanks to its horizontal sample stage.  
The new XY detector stage of HERMES 
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SECOND WINTER SCHOOL  

ON NEUTRON SCATTERING ON SOFT MATTER 

In the framework of the french-swedish contract on large facili-

ties, the 2nd Swedish Winter School on Neutron Scattering on Soft 

Matter was jointly organized by Maths Karlsson from Chalmers 

University of Technology of Göteborg,  Max Wolff from Upp-

sala Universitet and Laboratoire Léon Brillouin.  The School 

was targeted to attract pHD students in order to prepare the 

Swedish academic scientific community to the arrival of the 

European Spallation Source in Lund  as students of 2013 may be 

mature researchers 10 years from now when the next european 

facility ESS  will be in full operation. It was divided in two sepa-

rated parts : (i) a theoretical part organized from at Chalmers 

University in Göteborg at Chalmers University from 25th -27th 

February 2013 and (ii) a practical part organized at LLB from 

11th -14th March 2013. Although organized in Göteborg, LLB 

was actively involved in the theoretical part since two basic 

lectures (half day each) were given by LLB researchers : Introduction to 

inelastic scattering 

by Sylvain Petit and Introduction to Neutron reflectometry 

by Fabrice Cousin.  

The involvement of the LLB staff was important to in-

sure a good welcome to the participants, from the local 

organizers to the supervisors of practicals and admin-

istration staff (Fabrice Cousin, Françoise Damay, Giulia 

Fadda, Jacques Jestin, Lucile Mangin-Thro, Alain Men-

elle and Anne Touze). The visit started by a first half day 

devoted to the welcoming of students, a general presentation 

of the facility and a visit tour of the Orphée reactor. It was 

followed by 3 days of practical divided in three sessions of 1 

day each on Inelastic Scattering (on a 3-Axis spectrome-

ter), Small Angle Neutron Scattering and Neutron Re-

flectometry to offer a comprehensive overview of the 

useful neutron techniques in the field of soft matter. 

The students were split in groups and all made the 3 

sessions. The organization of the school was sometimes 

chaotic as it was hampered by a snow storm, an excep-

tional weather event at this period in Paris area, but 

both students and supervisors did their best to reach 

the lab and make the practicals in the best possible 

conditions. These unexpected conditions finally fa-

vored very friendly relationship between all par-

ticipants and made the School a very good souvenir 

for everyone.   

Blizzard on the School !  

Final day of practice under the sunny arctic atmosphere of Saclay 
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PRACTICALS WITH AGROSUP DIJON :  

“Impact of sucrose replacement by maltitol on cacao butter 

crystallisation, texture and fat blooming” 

Students from AgroSup Dijon (food engineering school) involved in the third year major on “Food Devel-

opment and Quality” worked on chocolate crystallization with two partners: Cargill, producer and interna-

tional supplier of services and food products, and the Laboratoire Léon Brillouin. The main objectives were 

to study the replacement of sucrose by maltitol and the role of lecithin (emulsifier) towards other compo-

nents. One part of the experiments was realized in Agrosup Dijon by analyzing the texture, the rheology 

and the evolution of crystalline forms during tempering using classical tools of food science. The other part 

was realized at the Laboratoire Léon Brillouin by using the neutron reflectivity and diffraction. For these 

experiments, the aim was to observe interfaces created between the model components with reflectivity 

and show the crystalline structure change of components with diffraction. The aim was to show the interest 

of these methods for the food-processing industry. 

E. Angelard1, C. Brochet1, A. David1, L. Gehin1, E. Gorlin1, A. Leboullenger1, A. Mourched1, C. Alba-Simionesco2, 
D. Bonnet3, P. Cayot1, D. Champion1, F. Cousin2, C. Loupiac1,2, F. Porcher2, P. Smith3 

1-AgroSup Dijon, Dominante Formulation et Qualité des Aliments, Département Sciences des Aliments et Nutrition, 26 boulevard du Dr Petitjean, 21079 Dijon cedex, 
France 

2-Laboratoire Léon Brillouin, CEA Saclay, 91191 Gif-Sur-Yvette cedex, France 
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JDN 21 (JUNE 21-27 2013) 

Every year a school is organized on a particular aspect of neutron scattering, with 

the support of French neutron centers LLB and ILL. The 21st edition, JDN 21, 

and was held at Club Lazaret in Sète from 21 to 27 June 2013 The school theme 

was « NEUTRONS AND MATERIALS FOR ENERGY ». This latter focused on 

the use of neutron scattering for the study of high tech materials, especially in the 

energy sector The development of new materials for energy is one of the major 

challenges of this century and is based largely on a thorough understanding of the 

origins of multi scale properties. 

FAN du LLB ( DECEMBER 2-5 2013 ) 

FAN du LLB is an annual school delivered in French and offering young French-speaking researchers a first contact 

with real experimental neutron scattering. The school is aimed at students and post-docs working in all scientific areas 

where neutrons can provide valuable insights, although priority is given to those having never had any contact with neutrons 

scattering. After an introduction to neutron sources and neutron scattering, ten different thematic subjects based on 

different scientific problems that can be addressed by neutron scattering, are proposed to the students. In groups of 

four to five, the students are then introduced to two different neutrons scattering technique, during three days devoted 

to experiments and data analysis. One of the distinguishing features of our school is that the students often come with 

their own samples, which are tested during the training together with our demonstration samples. This ensures a good 

and efficient participation of the students. In 2012, the number of participants was 31. 

Website: http://www-llb.cea.fr/fan 

http://www-llb.cea.fr/fan
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NEW PHD STUDENTS IN 2013 

PANTIATICI Claire – Grant IDEX Paris-Saclay/CEA  

(Call LLB/SOLEIL 2013) 

«DNA replication in eukaryotic cells : Relation between 

chromatin conformation and kinetic of DNA replication » 

Supervisors : A. Goldar (CEA Saclay) / D. Lairez - (LLB )  

(Soft Complex Matter) 

SONGVILAY Manila — CEA-2013-2016 

“Structures et propriétés d'oxydes magnétiques à 

topologie frustrée” 

Supervisor : F. Damay  

(Strongly Correlated Quantum Materials and Magnetism) 

GUENET Hélène – Région Bretagne/CEA-2013-2016  

(Call LLB/SOLEIL 2013) 

«Les zones humides sont-elles une source d'As pour les aquifères sous-jacents : caractérisation des 

interactions As-matière organique (imagerie/rayonnement synchrotron/diffraction de neutrons)» 

Supervisors : M. Davranche (Géosciences Rennes) / J. Jestin - (LLB )  

(Soft Complex Matter) 

THESES DEFENDED IN 2013 

LEROY Marie-Alix– September 20 2013  

«Films minces épitaxiés de chrome pour l’électronique de 

spin : propriétés de volume et d’interface» 

Supervisors : S. Andrieu (Nancy) / A. 

Bataille  

(Materials and Nanosciences: Fundamental 

Studies and Applications) 

BOUTY Adrien – December 3 2013  

«Influence de la dispersion des charges et de la conformation 

des chaines sur les propriétés mécaniques de systèmes nano-

composites SBR/Silice » 

FANG Weiqing – November 29 2013  

«Elaboration de matériaux composites nanofils magné-

tiques/polymères pour la fabrication d'aimants perma-

nents» 

Supervisors : F. Boue / F. Ott  

(Materials and Nanosciences: Fundamental Studies and Appli-

cations) 

HABILITATIONS TO SUPERVIZE PhD STUDENTS (HdR) 

“Nanostructured particle-polymer composites: filler dispersion and chain conformation from 

well-defined model to “real” systems, correlation with mechanical properties “ 

Jacques JESTIN (November 14 2013)  

SHI Li – April 5 2013  

«Structure de complexes électrostatiques entre un po-

lyélectrolyte de rigidité variable et des nanoparticules de 

taille contrôlée» 

Supervisors : E. Buhler (Paris) / F. Boue  

(Soft Complex Matter) 

DUBOIS Matthieu – July 2 2013  

«Apport de la diffraction neutronique dans l’étude des 

phases métastables de l’alliage à mémoire de forme 

CuAlBe sous sollicitations mécaniques et thermiques» 

Supervisors : A. Lodini (Reims) / M.-H. Mathon  

(Materials and Nanosciences: Fundamental Studies and Appli-

cations) 
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GENERAL LAYOUT OF THE SPECTROMETERS  

  SPECTROMETERS OPEN TO USERS CONTACTS 

  Powder diffractometers   

3T2 Florence  Porcher florence.porcher@cea.fr 

G4.1 Françoise Damay francoise.damay@cea.fr 

G4.4 PHR Florence  Porcher florence.porcher@cea.fr 

G6.1 Isabelle Mirebeau isabelle.mirebeau@cea.fr 

  Single crystal diffractometers   

5C1 - VIP Béatrice Gillon beatrice.gillon@cea.fr 

5C2 Alexandre Bataille alexandre.bataille@cea.fr 

Super 6T2 Arsen Goukassov arsen.goukassov@cea.fr 

  Diffuse scattering instrument   

7C2 Louis Hennet louis.hennet@cea.fr 

  Small-angle scattering instruments   

G1.2 - PACE Didier Lairez didier.lairez@cea.fr 

G2.3 - PAXY Alain Lapp alain.lapp@cea.fr 

G5bis - TPA Annie Brûlet annie.brulet@cea.fr 

  Diffractometers for material science studies   

6T1 Marie-Hélène Mathon marie-helene.mathon@cea.fr 

G4.2 - DIANE Vincent Klosek vincent.klosek@cea.fr 

  Reflectometers   

G3bis - EROS Fabrice Cousin fabrice.cousin@cea.fr 

G2.4 - PRISM Frédéric Ott frederic.ott@cea.fr 

  Triple-axis instruments   

1T 
John Paul Castellan / Yvan Sidis  
(CRG Instrument Karlsruhe/LLB) 

john-paul.castellan@cea.fr / 

yvan.sidis@cea.fr 

2T Philippe Bourges philippe.bourges@cea.fr 

4F1 Sylvain Petit sylvain.petit@cea.fr 

4F2 Julien Robert julien.robert@cea.cr 

  Quasi-elastic instruments   

G1bis - MUSES Stéphane Longeville stephane.longeville@cea.fr 

  Neutron radiography   

G3bis—IMAGINE Frédéric Ott frederic.ott@cea.fr 

G4.5 Guy Bayon guy.bayon@cea.fr 

mailto:florence.porcher@cea.fr
mailto:gilles.andre@cea.fr
mailto:florence.porcher@cea.fr
mailto:isabelle.mirebeau@cea.fr
mailto:beatrice.gillon@cea.fr
mailto:alain-f.cousson@cea.fr
mailto:arsen.goukassov@cea.fr
mailto:brigitte.beuneu@cea.fr
mailto:didier.lairez@cea.fr
mailto:alain.lapp@cea.fr
mailto:sylvain.desert@cea.fr
mailto:marie-helene.mathon@cea.fr
mailto:vincent.klosek@cea.fr
mailto:fabrice.cousin@cea.fr
mailto:frederic.ott@cea.fr
mailto:daniel.lamago@cea.fr
mailto:yvan.sidis@cea.fr
mailto:philippe.bourges@cea.fr
mailto:sylvain.petit@cea.fr
mailto:daniel.petitgrand@cea.cr
mailto:stephane.longeville@cea.fr
mailto:frederic.ott@cea.fr
mailto:guy.bayon@cea.fr
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The LLB-Orphée neutron scattering and imaging instruments  
 Powder diffractometers  

3T2 "Thermal neutrons" 2-axis (50 detectors) high resolution, mainly for nuclear structure determination. 

G4.1 "Cold neutrons" 2-axis (multidetector 800 cells) high flux, mainly for magnetic structure determination. 

G4.4 "Cold neutrons" 2-axis (70 detectors) high resolution, for nuclear/magnetic structure determination of systems with large cells. 

G6.1 "Cold neutrons" 2-axis (multidetector 400 cells) with long wavelength (~5Å) and high flux, for the study of very small powder sam-

ples (<1mm3). Medium/high pressure cell available. 

 Single crystal diffractometers  

5C1 "Hot neutrons" 2-axis with lifting arm, polarized neutrons, magnetic field (8 Tesla) for spin-density maps determination 

5C2 "Hot neutrons" 4-circle for nuclear structure determination. 

6T2 "Thermal neutrons" 2-axis, lifting arm and 4-circles, mainly for magnetic structure determination. 12 Tesla magnetic field available, 

2D detector. 

 Diffuse scattering instruments 
7C2 "Hot neutrons" 2-axis (multidetector 640 cells) for local order studies in liquid or amorphous systems. Cryostat and furnace available 

(1.2K to 1300°C). 

 Small-angle scattering instruments 
G1.2 "Cold neutrons" (annular detector, 30 rings) for study of large scale structures in isotropic systems (mainly polymers and colloids). 

G2.3 "Cold neutrons" (X-Y detector, 128x128 cells) for study of large scale structures (10 to 500 Å) in anisotropic systems (polymers under 

stress, metallurgical samples, vortex in superconductors). 

G5bis Very Small Angle Neutrons Scattering spectrometer 

 Diffractometers for material science studies  
6T1 "Thermal neutrons" 4-circle for texture determination. 

G4.2 "Cold neutrons" 2-axis for internal strain determination in bulk samples with spatial resolution ~ 1mm3. 

 Reflectometers 
G3bis "Cold neutrons" reflectometer operating in time-of-flight mode for multipurpose surface studies. 

G2.4 "Cold neutrons" reflectometer with polarized neutrons and polarization analysis for the study of magnetic layers. 

 Triple-axis instruments  

1T "Thermal neutrons" high-flux 3-axis instrument with focussing monochromator and analyser, mainly devoted to phonon dispersion 

curves measurements. High pressure cells (100 Kbar) available. CRG Instrument operated in collaboration with the INFP Karlsruhe 

2T "Thermal neutrons" high-flux spectrometer with focussing monochromator and analyser, mainly devoted to spin-waves and magnetic 

excitations studies (1.5 to 80 meV). 

4F1 

4F2 
"Cold neutrons" high flux 3-axis instruments with double monochromator and analyzer, mainly devoted to the study of low-energy 

(15µeV to 4meV) magnetic excitations. Polarized neutrons and polarization analysis option available. 

 Quasi-elastic instruments 
G1bis "Cold neutrons", high resolution and high flux spin-echo instrument. It can study, in a large Q range, slow dynamics of large molecules 

in biology or long relaxation times like in glassy transition (Fourier times ~ 20ns) 

 Neutron Radiography  
G3bis IMAGINE: Imaging station mainly dedicated to soft matter. 

G4.5 Imaging technique : white beam facility for non-destructive control or dynamics imaging (NMI3 access only). 

http://www-llb.cea.fr/fr-en/spectros_p.php 

AUXILLIARY SERVICES AVAILABLE 

Laboratories for sample preparation:  

 Chemistry laboratory  

 Biological laboratory  

 

 

 

Technical help for:  

 Cryostat, Furnace (0.1 – 2000 K) 

 Medium/High pressures 

 High magnetic fields (up to 10 T) 

 Mechanics, Cryogenics, Vacuum  

http://www-llb.cea.fr/fr-en/spectros_p.php
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Access to beamtime 

LLB has been selected in the frame of the European Communi-

ty – Access activities of the Neutron scattering and Muon spec-

troscopy Integrated Infrastructure Initiative (NMI3-II) which 

supports access to neutron beams for the selected user teams, 

travel and subsistence fees of visiting scientists. The program is opened to E.C. users and to sci-

entists of the associated states.  

http://nmi3.eu  

Beamtime access is free of charge for any experimentalist from the French Scientific community. LLB takes in 

charge the expenses (travel and stay) of 2 people during the experiment. 

 

Beamtime on the 20 open-access spectrometers can be requested by submission of: 

 

 An experimental application to a Selection Committee (Normal Procedure) 

This procedure is open to any public/industrial researcher that is interested in using neutron scatter-

ing for his research. Results should be free to be totally or partially published in a Scientific Review. 

DEADLINE FOR APPLICATION: April 1st and October 1st 

http://www-llb.cea.fr/en/fr-en/proposal.php 

 

 An experimental application to the Directors (Exceptional)  

This special procedure should only be used exceptionally for hot topics, confidentiality reasons or if an 

anomaly in the review procedure is suspected. The delay between the acceptation decision and the real-

ization of the experiment is shortened to the minimum.  

No deadline applies for such propositions (Application all along the year). 

http://www-llb.cea.fr/en/fr-en/proposal.php 

 

 A fast access application 

This procedure allows a rapid access (1 to 2 months delay) to the spectrometers in order to perform a 

short experiment (1 day max.). It can be used for feasibility tests, sample characterization, obtaining 

complementary results… 

No deadline applies for such propositions (Application all along the year). 

http://www-llb.cea.fr/en/fr-en/prop-rap.php 

CONTACT AT LABORATOIRE LEON BRILLOUIN 

 Laboratoire Léon Brillouin 

 Scientific Office 

 CEA SACLAY 

 Bâtiment 563     F - 91191 Gif-sur-Yvette Cedex  

 Tel. : 33(0) 1 69 08 60 38    Fax : 33 (0) 1 69 08 82 61 

http://idb.neutron-eu.net/facilities.php
http://www-llb.cea.fr/en/fr-en/proposal.php
http://www-llb.cea.fr/en/fr-en/proposal.php
http://www-llb.cea.fr/en/fr-en/prop-rap.php
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Selection committees 

Proposals are examined by 5 Selection Committees. Each is composed of 8 to 10 senior scientists that are nominated 

by the management of LLB for 3 years. At least half of them do not belong to the LLB and 2 or 3 are coming from for-

eign institutes. 

For each spectrometer, LLB gives a beam-time available which is shared out by the committee; each proposal gets a 

grade A or B or C. 

 A : The experiment must be done and the committee allocates a beam-time 

 B : The experiment might be done if there is some extra beam-time, 

 C : The experiment is refused on scientific arguments. 

Selection Committees are asked to take care of the educational duty of the LLB when proposal comes from new young 

searcher.  

SELECTION COMMITTEES: SCIENTIFIC FOCUS AND SUB-FOCUS 

Theme I Chemical physics, biological systems  

I.01        Polymers and Supramolecular Structures 

I.02        Water, aqueous solutions, polyelectrolytes, surfactants 

I.03        System of biological interest, Biophysics 

I.04        Colloids, nanostructures 

I.05        Gels, composite materials 

I.06        Other... 

Theme II Crystallographic and magnetic structures 

II.01       Crystalline structures 

II.02       Phases transitions 

II.03       Magnetic Structures 

II.04       High pressures (on powders 

II.05       Other... 

Theme III   Magnetism: Single-crystal systems and thin layers  

III.01      Magnetic thin layers 

III.02      Spin density 

III.03      Systems with strong quantum correlations 

III.04      Extreme conditions (strong fields, high pressures) 

III.05      Magnetic nanosystems  

III.06     Other... 

Theme IV Disordered Systems, nanostructured materials and materials 

IV.01     Liquid and amorphous structures 

IV.02     Dynamics of disordered systems 

IV.03     Thin film materials 

IV.04     Nanostructured materials, precipitation, cavities,… 

IV.05     Crystallographic textures 

IV.06     Strains and residual stresses  

IV.07     Other... 

Theme V  Excitations 

V.01       Magnons  

V.02       Supraconductivity 

V.03       Coupling spin-network 

V.04       Dynamics in frustrated systems 

V.05       Polarized neutrons with polarization analysis  

V.06       Phonons 

V.07      Other… 
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LLB 2013 Reviewing committees 

LLB members French users  European users  

COLLEGE 1: Chemical physics, biological systems 

Organisers: J. Jestin, G. Fadda 

F. Cousin S. Lyonnard CEA, Grenoble F. Gabel IBS, Grenoble 

 F. Nallet [Pdt] CRPP, Bordeaux   

 R Schweins‡ ILL, Grenoble   

 B. Deme* ILL, Grenoble   

 Y. Tran ESPCI, Paris   

COLLEGE 2: Crystallographic and magnetic structures 

Organisers:  F. Porcher, S. Petit 

F. Damay V. Paul Boncour ICPME, Thiais A. Daoud-Aladine ISIS, UK 

 S. Ravy Soleil, St Aubin   

 P. Roussel UCC, Villeneuve d'Ascq   

COLLEGE 3: Magnetism: Single-crystal systems and thin layers 

Organisers: A. Bataille, F. Ott 

G. André‡ T. Hauet Université Nancy I F. Palacio Université Zaragoza, ES 

A. Gukassov* E. Ressouche ILL, Grenoble K. Temst [pdt] Université Louvain, B 

COLLEGE 4: Disordered Systems, nanostructured materials and materials 

Organisers: P. Judenstein, V. Klosek 

F. Audonnet J. Henry [Pdt] CEA, Saclay  K. Wierzbanowski Cracovie, Pl 

 L. Cormier Universités Paris 6 et 7 M. Gonzalez ILL, Grenoble 

COLLEGE 5: Excitations 

Organisers:  J. Robert, Y. Sidis 

J.-M. Mignot M. Boehm‡ [pdt] ILL, Grenoble J. Hlinka ASCR, Prague 

 B. Fauqué* ESPCI, Paris D. Lamago KIT, Allemagne 

 M. d’Astuto* IMPMC Jussieu, Paris L. Paolasini Univ. Edimburg, UK 

‡ Only for spring session  -  * Only for automn session 
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