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Foreword 
 

The Laboratoire Léon Brillouin is a French research infrastructure supported jointly by the 
Commissariat à l'Energie Atomique et aux Energies Alternatives (CEA) and the Centre National de la 
Recherche Scientifique (CNRS); it constructs and operates spectrometers around Orphee, a 14MW 
reactor operated by the CEA, since 1980 thus responding to its missions of research, service and 
education. Its exceptional situation in the south west of Paris, in the scientific centre of Saclay, 
nearby faculties, engineers schools and other large scales facilities such the synchrotron Soleil, 
promotes contacts, discussions and stimulates new collaborations.  As a national facility, its 
management of beam time is quite flexible allowing more tests, thoughts and discussions between 
beginners and experts, exploring new areas or experiment preparation, and access to industrial 
partners.  
 
The TGE LLB/Orphée provides a world-class suite of instruments to the French and the european 
community estimated around 4500 people in 2005. Academic and industrial use of neutron 
instruments encompasses a very broad range of science areas in physics, materials, soft matter 
sciences and biology. This document provides a description of neutron instruments operating at the 
LLB followed by a presentation of the instrumentation program CAP2015. This program should 
enable the LLB to preserve its highly competitive level compared to the other world-class neutron 
centers until the minimum guaranteed functioning of Orphée reactor in year 2020 with an effective 
beam time availability of 90% for about 190 days per year. Also, the LLB is fully implemented in the 
French scientific community and sensitive to its needs. Indeed, 70% of the French scientific 
production using neutron scattering come from, or in collaboration with the LLB 
 
The main objectives of the CAP2015 instrumental program are to provide a modern set of neutron 
instruments to the French neutron scattering community and to prepare and train a new generation 
of neutron users and scientists, especially in the view of the future European spallation source. This is 
an extremely difficult challenge taking into account recent success in the construction of second 
generation neutron spallation sources in the United States (SNS), and in Japan (J-Parc). Moreover, 
after the closing of several older neutron sources in Europe and USA (Studvisk, Julich, Argonne), the 
other European neutron sources are entering important extension or renovation phases: the 
Millenium program at the European neutron source (Institut Laue Langevin), the second target 
station at ISIS (UK), the extension of the instrument suite at FRMII (Germany), the construction of a 
new guide hall at BENSC (Germany), the development of new spallation targets at SINQ 
(Switzerland). In this context the TGE LLB/Orphee has the duty to remain competitive in this rapidly 
changing scientific environment and to join the European efforts to provide complementary 
equipments to the scientific community.  
 
The TGE LLB/Orphee operates as a user facility since 1983, providing a fully-supported instrument 
suite to enable visiting national and international teams to exploit neutron technique. Nearly 600 
researchers visit LLB annually from over 35 different countries both from academic and industrial 
institutions. There are two calls for experiment proposals each year. The proposals received are 
reviewed by 5 peer-committees of international experts. The Selection Committees assess the 
scientific quality of proposal submitted and advise on the allocation of beam time. The successful 
applications are scheduled on the instruments and around 420 experiments are typically performed 
annually. There are six LLB Science groups, Triple Axes, Powder Diffraction, Single Crystal Diffraction, 
Small Angle Scattering, Reflectometry, Biology and Quasi-elastic Scattering. They are responsible for 
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the operation of 21 neutron instruments and for providing expertise in data analysis. The description 
of existing instruments is given below. The experimental support for running experiments and 
instrument developments is provided by four technical groups: Instrument Development, Sample 
Environment, Electronics and Information Technology. Common platforms have been implemented 
to ensure and support specific research activities. 
 
In 2005, after more than a decade of successful operation of the first generation instruments at 
ORPHEE, LLB has started its first instrument refurbishment program CAP2010.  The program 
established in January 2005 on the basis of internal instrumentation project proposals emerged after 
a profound analysis of performance of existing instruments within each instrument group of the LLB.  
Among all the proposals 7 projects were selected to launch the modernization; 3T2, MICRO, 7C2, 
TPA, Fa#, EROS and VIP.  It was estimated that the program realization required an annual 
investment of about 1 MEUR per year during a 5 year period.   Since no such funding was available at 
that period the priority was given to low cost projects which could rapidly produce scientific output.  
Thus first instruments delivered in 2007, 3T2 and 6T2, were essentially due  to the financial support 
of Aquitaine and Rennes  Metropole Regions and to the subventions from European Neutron -Muon 
Integrated Infrastructure Initiative NMI-3.  More costly projects like Fa#, 7C2 and VIP remained on 
the "waiting list" apart from the part concerning the simulation of future instrument performances. 
 
In November 2007 the first external evaluation of CAP2010 took place in Saclay. International 
Instrument Committee (Table 1), consisting of neutron experts and representative of user 
community has examined the existing instrumentation park of LLB, evaluated the instruments under 
construction and gave several recommendations concerning the priority of projects and their 
management. 
 
 

Charles SIMON Caen Chairman 

Thomas BRUCKEL Jüllich Vice-chairman 

Helmut SCHOBER ILL, Grenoble Chairman NMI3 

Louis-Pierre REGNAULT CEA, Grenoble  

Winfried PETRY Munich Director FRM-II 

Françoise LECLERCQ Lille Chairman of French Neutronic Society 

Michel RAVISO Strasbourg  

Stefan KLOTZ Paris  

Jean François LEGRAND Strasbourg Chairman of LLB Scientific Council 

Table 1 - LLB Instrumental Committee – Year 2007 
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The Committee has recognized a very high quality of the majority of existing neutron 
instruments and in particular of 3T2 and Super-6T2, delivered in 2007, which became highly 
competitive instruments after their refurbishment. It encouraged the efforts in finalization of other 
CAP 2010 instruments under construction: VIP (polarized neutrons), MICRO (High Pressure), TPA 
(Very SANS) and 7C2 (liquid). It advised to put an effort on sample environment, to develop 
polarization on the instruments and to close some instruments in order to focus on the new projects. 
Finally five new instrument proposals were reviewed and recommended for realization: PA20 (small 
angle scattering), 6T1 (strain and texture), Fa# (TOF), Multimuses (Resonant spin-echo) and EROS-2 
(reflectometer).  
 
These recommendations served a basis for the LLB. Indeed, VIP, MICRO and TPA are finalized and 
entered the qualification stage and 7C2 joined the CAP 2015 road map. LLB also put effort in the 
development of the polarization by hiring an expert in polarized neutrons, Sergey Klimko, ordering 
new Heussler, adding the polarization option to PA20 and with the NEPTUNE project. Concerning the 
sample environment, LLB created the Support Group for Experiments and Sample Environment and 
the Cryogenic Platform. Finally, PAPYRUS and G5.6 have been closed to empty space for PA20. 
 
 
CAP 2015 

 
More than a half of our instruments (12 out of 21) should benefit from the accomplishment 

of the CAP 2015 road map. Realization of such an ambitious program in time within both a 
constrained budget and manpower without interruption of scientific activities represents a difficult 
challenge. Therefore in 2008 the Instrument Development Group has been created and a project 
management structure was set. 

 
 

 
Fig.1 Instrument development and management teams at LLB 
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Since 2009 the projects are executed following the “Rules of project conduct in LLB” which 
have been established on the basis of experience of other neutron centers like ILL. This includes the 
nomination of project leaders and project managers as well as creation of piloting team (Instrument 
Development Team, IDT) presented in figure 1. Accepted projects usually contain four clearly 
indentified stages, milestones and deliverables. In the first, pre-design stage, the scientific 
orientation of the instrument and its expected characteristics are defined. After validation of the 
project by IDT and CAP 2015 managers the project passes to the design stage, which is followed by 
realization and qualification stages. The passages from one stage to another as well as the 
acceptance of deliverables and milestones are validated by IDT and CAP 2015 managers.  
 
Time schedules of CAP2010-2015 instruments are summarized in figure 2. It shows that three 
instruments of CAP2010 are finished (3T2, EROS and Super 6T2) and two have entered in 
qualification phase (TPA and VIP). MICRO is close to qualification and five instruments are in 
realization stages at different levels. The state of these projects will be described in detail in Chapter 
CAP2015. The open question remains with the realization of Fa#, which suffers from uncertainty in 
financial capability of LLB to support its realization. 
 

 
Fig. 2 CAP 2010-2015 projects schedule 

 
However, the chart shows that in spite of extremely limited instrumentation budget and 

manpower, a total of 12 upgraded or new apparatus should be on line by 2015. At LLB, the ratio of 
the number of permanent staff to the number of instruments is 5 which is abnormally low compared 
to the figure of other similar facilities (13). These state of the art spectrometers should assure the 
LLB future for another decade to come.  The realization of CAP2015 became possible largely thanks 
to the financial support of the Aquitaine Region in the TPA (250k€) and VIP (100 k€) projects. PA20 
benefits from the regional programs “C NANO d’Ile de France” (300 k€) and Triangle de la Physique 
(250 k€). 
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Triple-axis Spectrometers 
The triple-axis spectrometer (TAS) is considered the most versatile neutron instrument. It is 
basically designed to determine the neutron inelastic cross section, hence measuring the spectrum 
of excited states in condensed matter physics. It is primarily employed for studying single crystals, 
in which it provides access to microscopic quantities such as force constants, exchange couplings or 
anisotropies. The LLB’s TAS are world-class instruments and should remain in the front line in the 
years to come, given the planned upgrades 
 
Four instruments are opened to users at LLB: 1T (ForschungZentrum Karlsruhe CRG) and 2T are 
installed on thermal beams, while 4F1 and 4F2 are located on cold beams. All spectrometers are 
equipped with double focusing graphite (PG) analyzers. PG and copper monochromators are 
available on both thermal instruments. 4F1 and 4F2 benefit from a double PG monochromator 
system, allowing changing the incident energy without moving the sample table. This particular set 
up saves precious place within the reactor hall, while allowing to tune the incident energy up to 23 
meV along with a reasonable flux (in contrast with usual cold source TAS installed on a guide). 

On both 4F1 and 2T, a polarized neutron setup can be installed, the polarization being obtained by 
adding a polarizing mirror (4F1), or by means of a vertical focusing Heussler alloy monochromator 
(2T).  In both cases, the scattered neutron polarization is analyzed with a horizontally focusing 
Heussler crystal (a second bender is also available on 4F1). A Helmholtz coil is used to rotate the 
neutron polarization vector along any arbitrary direction at the sample position. 

  

Cold neutron triple axis spectrometer 4F1 in its 

polarized neutron setup.  
Neutron intensity as a function of energy transfer and 

wave-vector taken along c* in the multiferroic 

compound YMnO3.  

TAS are designed to carry out inelastic neutron scattering experiments and, therefore, to study 
lattice dynamics (phonons, soft modes …) as well as spin dynamics. Magnon dispersions and crystal-
field transitions are routinely measured, but interest often focuses on more exotic excitations such as 
spinons in low-dimensional systems or bound states in strongly correlated electron compounds. This 
technique is essential to shed light on the microscopic interactions responsible for the properties of 
novel materials such as superconductors, heavy-fermions systems, multiferroics, colossal 
magnetoresistance manganites, low-dimensional and frustrated magnets. Elastic scattering 
experiments can also be performed, in which the analyzer provides attractive low-background 
conditions. The performance of TAS has improved steadily over the years, opening a wide range of 
possibilities in new areas, especially for the study of small samples. For instance, the static and 
dynamical magnetic properties of thin films grown for spintronic applications have now become 
accessible to neutron scattering experiments.  
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Two-axes Diffractometers: Powder and 

Liquids 
Three powder diffractometers are opened to LLB users; 2 generalist instruments 3T2 and G4.1, and 
a more unique specialized one G6.1, dedicated to studies under very high pressure. 
The 7C2 diffractometer is devoted to structure studies of disordered systems, liquid and amorphous 
during .major evolution. 
 

3T2 is a high resolution thermal diffractometer more particularly adapted to precise 
crystallographic determinations of compounds with cell volume < 1200 Å3, D2B type at ILL or SPODI 
at FRMII. 
 G4.1 is optimized for magnetic structure determination and study of phase transitions in 
function of temperature. It is a medium resolution instrument and high flux equipped with an 800 
cells multidetector. It is comparable to D1B (slightly better resolution, lower flux but in a ratio less 
than the power reactor ratio). 
 

  
Manganite Pr0.5Sr0.41CaMnO3 1.5 K <T< 300 ?K Diffractograms from G4.1      Molecular oxygen: δ-O2 phase  

exhibiting a succession of structural and magnetic transitions           PRL 93 (2004) 055502 

 
 G6.1 is a high wavelength (λ=4.8Å) and high flux powder diffractometer, optimized for the 
measurement of crystal and magnetic structures of very small samples under high pressure. 
 

7C2 is located on the hot source of the reactor. This allows performing measurements of the 
structure factor over a wide scattering vector range, what is necessary for the determination of the 
atomic correlations and the molecular interactions in glasses, amorphous materials, liquids and 
solutions. 7C2 is to be compared with D4 at ILL which with ORPHEE is one of rare reactors to have a 
hot source. Its renovation will make a completely competitive instrument. 
 
These instruments are complementary and cover coherently a great part of the needs in the classical 
domains of solid chemistry, crystallography, solid physics, and material science and in new domains 
like energy environment, pharmacology, geophysics. 
 
The main scientific themes studied at present concern: metallic hydrides, oxides, multiferroïcs, ionic 
conductors, studies under very high pressure, frustrated magnetism, nanomaterials, geophysical 
compounds, microstructures, in situ kinetic studies, archeology, biological compounds, 
photomagnetism, zeolithes.  
 
The studies of liquids and amorphous materials focus at present on the structure at middle range 
distance of oxide glasses, covalent alloys for data storage applications, confined liquids and the 
solvent-solution interaction. 



 

Single Crystal Diffractometers

 

Three single crystal diffractometers opened to LLB users are the subjects of sustained and versatile 
demand. This is due to a significant gain in their efficiency achieved recently by using of position 
sensitive detectors (PSD) and modern supermirror polarizers.  Recently upgraded diffractometer 
Super-6T2 allows now to investigate interatomic or intermolecular magnetic interaction
millimetric samples.  Large choice of sample environment which covers very low temperature (50 
mK) in combination with high fields (8 T) and high pressures provides very large possibility in the 
studies of multiferroics, heavy fermion systems and 
 

Super-6T2 is the most versatile of the single crystal diffractometers at LLB. Three wavelength are 
available (λ=0.9, 1.5, 2.35), the beam at 1.5 
for crystal and magnetic structure 
instrument also benefits from a large set of sample 
Cu-Be and sapphire pressure cells and dilution refrigerator, allowing the study of sample under 
extreme conditions.    
6T2 was upgraded in 2007 within
detector. It then became competitive with t
D10 in the ILL. 
It is widely used for diffraction studies of the magnetic ordering in nanometric epitaxial layers. 
Polarized neutron option realized with supermirr
studies of complex molecular compounds.  
 
 
                                          
 
 
 
 
                    

 

 

 

 
5C2 hot neutron 4-circle diffractometer 
studies of compounds with unit
molecular crystals containing hydrogen as well as in the phase transition investigation of complex 
modern magnetic materials like the oxides with colossal magnetic resistance, high Tc 
superconductors. 5C2 belongs to the first generation of the 
collaboration with Karlsruhe. Therefore all vital part of the diffractometer 
sample unit, 4-circles and displex were 
counter neutron diffractometer and it would become a world class instrument 
were installed. 

Eu 75 nm

τ

τa

Eu 75 nm

ττ

τaτa

Magnetic and nuclear neutron diffraction signal 

obtained from a 75 nm Eu thin film
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Single Crystal Diffractometers 
 

Three single crystal diffractometers opened to LLB users are the subjects of sustained and versatile 
ignificant gain in their efficiency achieved recently by using of position 

sensitive detectors (PSD) and modern supermirror polarizers.  Recently upgraded diffractometer 
to investigate interatomic or intermolecular magnetic interaction

millimetric samples.  Large choice of sample environment which covers very low temperature (50 
mK) in combination with high fields (8 T) and high pressures provides very large possibility in the 
studies of multiferroics, heavy fermion systems and superconductors. 

the most versatile of the single crystal diffractometers at LLB. Three wavelength are 
, the beam at 1.5 Å being highly polarized. The instrument is well

and magnetic structure determination of compounds with cell volume
instrument also benefits from a large set of sample environment devices: superconducting magnet, 

pressure cells and dilution refrigerator, allowing the study of sample under 

2007 within CAP2010 program, in particular with the installation of a 2D 
detector. It then became competitive with the best neutron diffractometers in the world like D19, 

on studies of the magnetic ordering in nanometric epitaxial layers. 
Polarized neutron option realized with supermirror bender is extremely efficient
studies of complex molecular compounds.   

Spin density of a molecular 

circle diffractometer (λ=0.84Å) is optimized for high resolution crystal structure 
with unit cell < 2000 Å3. It is widely used in crystallographic stu

hydrogen as well as in the phase transition investigation of complex 
modern magnetic materials like the oxides with colossal magnetic resistance, high Tc 

belongs to the first generation of the instruments built in the L
e. Therefore all vital part of the diffractometer like monochromator, 

nd displex were replaced in 2009-2010. At present 5C2 is
eter and it would become a world class instrument 

Eu 75 nm

τc

a

τb

Eu 75 nm

τcτc

aa

τbτb

Magnetic and nuclear neutron diffraction signal 

obtained from a 75 nm Eu thin film 
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Three single crystal diffractometers opened to LLB users are the subjects of sustained and versatile 
ignificant gain in their efficiency achieved recently by using of position 

sensitive detectors (PSD) and modern supermirror polarizers.  Recently upgraded diffractometer 
to investigate interatomic or intermolecular magnetic interactions on sub-

millimetric samples.  Large choice of sample environment which covers very low temperature (50 
mK) in combination with high fields (8 T) and high pressures provides very large possibility in the 

the most versatile of the single crystal diffractometers at LLB. Three wavelength are 
being highly polarized. The instrument is well adapted 

of compounds with cell volume < 4000 Å3. The 
devices: superconducting magnet, 

pressure cells and dilution refrigerator, allowing the study of sample under 

CAP2010 program, in particular with the installation of a 2D 
diffractometers in the world like D19, 

on studies of the magnetic ordering in nanometric epitaxial layers. 
or bender is extremely efficient in the spin density 

pin density of a molecular compound 

high resolution crystal structure 
It is widely used in crystallographic studies of new 

hydrogen as well as in the phase transition investigation of complex 
modern magnetic materials like the oxides with colossal magnetic resistance, high Tc 

instruments built in the LLB in 
like monochromator, 

is quite modern single 
eter and it would become a world class instrument if a large area PSD 



 

Materials Diffractometers
 
The diffractometers associated with the "Material Science" activity are DIANE (G52) located in the 
guide hall and 6T1 in the reactor hall. They
strains and to the determination of crystallographic textures.
The strong penetrating power of neutrons is used to analyze in
industrial objects. The instruments are use

 
In recent years, neutron diffraction has become a technique of choice for the study of micro
deformations and the heterogeneities between phases (crystallographic, crystalline orientations...). 
In a view of understanding and modelling the elasto
diffraction provides a mesoscopic characterization which permits a validation or an improvement of 
the theoretical models. 
These fine studies require complementary acquisitions o
6T1 and strain diffractometer G5.2 in order to obtain a description as complete as possible of elasto
plastic deformation in the volume and for each crystallographic orientation. Usually, these 
measurements are performed in
 

DIANE (G5.2) : Residual strain spectrometer 

 
G5.2 is optimized for the study of the deformations and the residual strain tensors.
allows a perfect definition of small (~1mm
describing the repartition of residual strains in bulk elements. The limitations are given by the 
available wavelengths range in the cold neutron
diffraction lines. The measuring time is also rather long so that detailed mapping of the strains is 
difficult in pieces with complex geometrical shapes.

 
6T1 is dedicated to the study of crystallographic textu
the evolution or the preferential orientation under thermal annealing (during phase transformations, 
determination of kinetics...) or under mechanical load. The instrument resolution allows an analysis 
of the micro-deformation by crystallographic orientations in the elastic and plastic regimes. The 
instrument is presently equipped with a point detector and a flat monochromator so that the 
measurement of pole figures and peak profiles is very long. The penalt
measurements which can presently only be partially exploited. 
 
To remain attractive, the LLB is developing a new instrument (
allows both texture and strain measurements on a thermal neutr
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Materials Diffractometers 

The diffractometers associated with the "Material Science" activity are DIANE (G52) located in the 
guide hall and 6T1 in the reactor hall. They are respectively dedicated to the analysis of residual 
strains and to the determination of crystallographic textures. 
The strong penetrating power of neutrons is used to analyze in-depth metallurgical samples or 
industrial objects. The instruments are used for both academic and industrial research. 

In recent years, neutron diffraction has become a technique of choice for the study of micro
deformations and the heterogeneities between phases (crystallographic, crystalline orientations...). 

derstanding and modelling the elasto-plastic deformation mechanisms, neutron 
diffraction provides a mesoscopic characterization which permits a validation or an improvement of 

These fine studies require complementary acquisitions on both instruments texture spectrometer 
and strain diffractometer G5.2 in order to obtain a description as complete as possible of elasto

plastic deformation in the volume and for each crystallographic orientation. Usually, these 
rmed in-situ under load. 

 

 

: Residual strain spectrometer  Correlation between a rupture profile and a 

deformation map determined by neutron diffraction

is optimized for the study of the deformations and the residual strain tensors.
allows a perfect definition of small (~1mm3) cubic gauge volume which is used to perform 3D maps 
describing the repartition of residual strains in bulk elements. The limitations are given by the 
available wavelengths range in the cold neutron guides which limits the number of accessible 
diffraction lines. The measuring time is also rather long so that detailed mapping of the strains is 
difficult in pieces with complex geometrical shapes. 

is dedicated to the study of crystallographic textures. In-situ ancillary equipment allows following 
the evolution or the preferential orientation under thermal annealing (during phase transformations, 
determination of kinetics...) or under mechanical load. The instrument resolution allows an analysis 

deformation by crystallographic orientations in the elastic and plastic regimes. The 
instrument is presently equipped with a point detector and a flat monochromator so that the 
measurement of pole figures and peak profiles is very long. The penalty is especially large for in
measurements which can presently only be partially exploited.  

To remain attractive, the LLB is developing a new instrument (SUPER 6T1) with a high flux which 
allows both texture and strain measurements on a thermal neutron beam. 

Current LLB Neutron Instrument Suite 

The diffractometers associated with the "Material Science" activity are DIANE (G52) located in the 
are respectively dedicated to the analysis of residual 

depth metallurgical samples or 
d for both academic and industrial research.  

In recent years, neutron diffraction has become a technique of choice for the study of micro-
deformations and the heterogeneities between phases (crystallographic, crystalline orientations...). 

plastic deformation mechanisms, neutron 
diffraction provides a mesoscopic characterization which permits a validation or an improvement of 

n both instruments texture spectrometer 
and strain diffractometer G5.2 in order to obtain a description as complete as possible of elasto-

plastic deformation in the volume and for each crystallographic orientation. Usually, these 

Correlation between a rupture profile and a 

deformation map determined by neutron diffraction 

is optimized for the study of the deformations and the residual strain tensors. Its geometry 
) cubic gauge volume which is used to perform 3D maps 

describing the repartition of residual strains in bulk elements. The limitations are given by the 
guides which limits the number of accessible 

diffraction lines. The measuring time is also rather long so that detailed mapping of the strains is 

situ ancillary equipment allows following 
the evolution or the preferential orientation under thermal annealing (during phase transformations, 
determination of kinetics...) or under mechanical load. The instrument resolution allows an analysis 

deformation by crystallographic orientations in the elastic and plastic regimes. The 
instrument is presently equipped with a point detector and a flat monochromator so that the 

y is especially large for in-situ 

) with a high flux which 
 



 

Reflectometers
 

Pioneer in the reflectometry techniques, the LLB operates 2 reflectometers: the horizontal time
flight reflectometer EROS dedicated to the study of soft matter (polymers 
reflectometer PRISM with polarization 
present technological developments in neutron optics allow
future. 

 
Experiments on EROS deal mostly with liquid/air, solid/liquid, solid/air interfaces as well 
organization at these interfaces of nano
as hybrid systems formed by association of such objects. A wide range of ancillary equipment is made 
available for users: furnace, rheometer, Lang

 
PRISM is dedicated to the study of magnetic surfaces, thin films and super
conductors or oxides. The scientific problems are usually related to the field of spin
as the coupling or the exchange bias fields at interfaces or multi
multi-ferroic materials. Standard ancillary equip
7T). 
 
 

 
 

 

 

 

 

 

 

 

 

 

Typical reflectivity curves

 
 
The majority of the measurements are restricted to the specular component which allows obtaining 
in-depth scattering length density profiles. Off
in-plane information (both spectrometers are equipped with position sensitive detectors). These 
studies remain qualitative at the moment because of the difficulty of data processing. 
The trend towards the study of thinner and thinner systems 
of the spectrometers in order to increase the flux on the samples by loosening the resolution. The 
PRISM spectrometer has switched from a graphite monochromator (
monochromator whose resolution is 
disk chopper (Δλ/λ = 7%) and by shortening the collimation length. These evolutions have allowed 
making significant gains in flux (~ x20).
 
The next major improvement which can be done is to move the EROS spectrometer from the 
deviator G3bis to the guide end G6 once 
a factor 4. 
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Pioneer in the reflectometry techniques, the LLB operates 2 reflectometers: the horizontal time
flight reflectometer EROS dedicated to the study of soft matter (polymers 
reflectometer PRISM with polarization analysis dedicated to the study of magnetic systems. The 

ments in neutron optics allow foreseeing important evolutions in the 

deal mostly with liquid/air, solid/liquid, solid/air interfaces as well 
organization at these interfaces of nano-objects: micelles, proteins, polymers, nano
as hybrid systems formed by association of such objects. A wide range of ancillary equipment is made 
available for users: furnace, rheometer, Langmuir trough, humidity cell... 

is dedicated to the study of magnetic surfaces, thin films and super-lattices of metals, semi
conductors or oxides. The scientific problems are usually related to the field of spin

he exchange bias fields at interfaces or multi-functional magnetic sensors with 
rials. Standard ancillary equipment is made available to users (cryomagnets 4K 

Typical reflectivity curves Short collimator (1.5m) providing a x4 gain in flux 

by working with a broader angular resolution.

The majority of the measurements are restricted to the specular component which allows obtaining 
depth scattering length density profiles. Off-specular measurements can be perform
plane information (both spectrometers are equipped with position sensitive detectors). These 

studies remain qualitative at the moment because of the difficulty of data processing. 
The trend towards the study of thinner and thinner systems (a few nm thick) has driven an evolution 
of the spectrometers in order to increase the flux on the samples by loosening the resolution. The 
PRISM spectrometer has switched from a graphite monochromator (Δλ/λ = 0.6%) to a multilayer 
monochromator whose resolution is Δλ/λ = 7%. The spectrometer EROS has evolved by using a multi

= 7%) and by shortening the collimation length. These evolutions have allowed 
~ x20). 

The next major improvement which can be done is to move the EROS spectrometer from the 
deviator G3bis to the guide end G6 once Mibémol is closed. The move would provide a gain in flux of 

0.1
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Pioneer in the reflectometry techniques, the LLB operates 2 reflectometers: the horizontal time-of-
flight reflectometer EROS dedicated to the study of soft matter (polymers - liquids) and the 

magnetic systems. The 
important evolutions in the 

deal mostly with liquid/air, solid/liquid, solid/air interfaces as well as the 
objects: micelles, proteins, polymers, nano-particles as well 

as hybrid systems formed by association of such objects. A wide range of ancillary equipment is made 

lattices of metals, semi-
conductors or oxides. The scientific problems are usually related to the field of spin-electronics, such 

functional magnetic sensors with 
o users (cryomagnets 4K - 

  
viding a x4 gain in flux 

by working with a broader angular resolution. 

The majority of the measurements are restricted to the specular component which allows obtaining 
specular measurements can be performed to obtain 

plane information (both spectrometers are equipped with position sensitive detectors). These 
studies remain qualitative at the moment because of the difficulty of data processing.  

(a few nm thick) has driven an evolution 
of the spectrometers in order to increase the flux on the samples by loosening the resolution. The 

0.6%) to a multilayer 
= 7%. The spectrometer EROS has evolved by using a multi-

= 7%) and by shortening the collimation length. These evolutions have allowed 

The next major improvement which can be done is to move the EROS spectrometer from the 
is closed. The move would provide a gain in flux of 
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Small Angle Neutron Scattering  
 

Small-Angle Neutron Scattering (SANS) probes materials on the nanometer (10-9 m) to micrometer 
(10-6 m) scale. Structure on this length scale is critical to the performance of advanced engineering 
materials. For example, the toughness of high impact plastics depends on the addition of stiff and 
flexible segments of polymer molecules Nanometer/micrometer structure is also crucial in 
biological processes in cells, in the storage of information on magnetic disks, in the hardness of 
steels and superalloys, in  the conduction of current in superconductors and many other materials 
properties.  

 
Themes studied at the LLB are: Polymers, polymers blends,, Nano-objects of soft matter (micelles, 
vesicles), Proteins,  Hybrid nano-objects biology/polymers/polyelectrolytes, Chemical demixtion or 
precipitates, Magnetic particles of ferrofluids , Spinodal decomposition or long range arrangement, 
Cavities or structural porosity, Magnetic fluctuations, Vortex lattice in superconductors. 

 
LLB now offers to user community 3 conventional SANS spectrometers covering a Q range from 2.10-2 
<Q (nm-1) < 0.6 and an original and unique Very Small Angle Neutron Scattering spectrometer which 
allows reaching scattering wave-vector values Q down to 2.10-3 nm-1. 
 
LLB has inherited the knowledge in SANS and in soft matter from pioneers, who built the first SANS 
instrument, developed the contrast variation technique in SANS and applied it to numerous studies 
of polymeric systems. PACE and PAXY then PAXE are conventional (rather short, from 2* 5 to 7m) 
spectrometers located at the end of guides the first curved elements of which are 2θc. super-mirror 
guides. All the instruments are equipped with BF3 gas multi detector 128*128*(0.5*0.5cm2), 
64*64*1cm2 and 30 concentric rings of 1cm width. PAXY, PAXE allow anisotropic scattering studies 
while, only isotropic scattering can be measured on PACE. All three are now equipped with last 
generation high transmission neutron velocity selectors (95% transmission). By using three different 
configurations (wavelength, collimation and detector distances), users may access to a large Q range, 
2 10-2 <Q (nm-1) < 6 in one experiment. 
 
To access very low Q scattering vectors, we have just 
completed the construction of a Very Small Angle 
Neutron Scattering spectrometer (VSANS), TPA («Très 
Petits Angles ». Its original design includes a high 
resolution Image Plate detector (2300*2300 * 0.15mm 
pixel size), a double super-mirrors monochromator 
allowing to select a wavelength in between 0.5 and 1.5 
nm (FWHM=14%). The .most innovative element of this 
spectrometer is its multi-beam pinhole collimator 
converging onto the detector located at 7m far from the 
sample. By combining tiny collimation (diaphragms of 1.6 
and 1 mm in diameter) with the small pixel size of the 
detector (0.15 x 0.15 mm), very high resolution 
measurements can be achieved without increasing the 
sample volume required for measurements.  
TPA benefited from the CAP2010 program and financial 
support (200 k€) from Aquitaine region. It has been 
opened for users at the autumn session of 2009's 
Selection Committees.  

 
Top view of the interior of the collimator of 

TPA spectrometer. 
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Quasi-elastic instruments 
 

Inelastic and Quasi-elastic neutron spectrosocopies are unique tools for the study of the dynamics 
of materials. Cold neutrons show associated wavelength and energy of few Å and meV. These 
quantities are both in tune with the atomic distances and the energies of the dynamical modes at 
play in condensed matter. Kinetic energy exchange resulting from an inelastic scattering process 
within a sample induces a significant change in the neutron’s momentum, making this technique 
extremely sensitive to spatio-temporal changes. Time-of flight neutron scattering is therefore a 
perfect spectroscopic probe to reveal simultaneously the structural and dynamical phenomena 
(vibrational, diffusional and magnetic excitations…) in a vast variety of complex systems: atomic 
and molecular liquids, polymer, proteins, and glasses. On top of that, isotopic effects and/or 
polarisation of the neutron beam make it also possible to discriminate between collective or 
individual phenomena.  
 

LLB operates two very complementary neutron spectrometers: Mibémol a Time-of-Flight (ToF) 
instrument and Muses, a non resonant spin echo machine. 

Mibemol is designed to study loosely dispersive excitations in condensed matter by quasi-elastic and 
inelastic scattering between 0.01 and 100 meV (1 meV = 8 cm-1 = 0.25 THz). The corresponding time-
scale ranges from 10-13 up to 10-10 seconds. Muses takes over Mibémol for measurements of longer 
correlation times up to 10 ns. 

 
 

 

(Q,w) ranges covered by the LLB quasi-elastic 

spectrometer suite: Mibémol and Muses. 

Sample environment used on Mibémol for an 

experiment of Biological relevance where a light 

harvesting protein (blue shadow) was illuminated by 

a laser beam (green color) triggered by the choppers 

of the spectrometer. 

 
Experiments taking advantages of the performances of these two spectrometers make it possible to 
assess the broad (Q, ω) range shown on the figure above. Typical study performed on Mibémol and 
Muses, used in stand-alone or conjunction, cover field as different as spin dynamics in high TC 
superconductors, tunneling, dynamics of quantum liquids, dynamics of soft matter, glass transition, 
confinement, Biology, local and long range diffusion in disordered systems. 
LLB has the project to replace Mibémol by a brand new ToF spectrometer. This is the Fa# project. 
Also the detection area of Muses is being turned to a large solid angle multi-tubes detector. This is 
the Multi-Muse project. Both projects are detailed later in the present document. 
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Triple-axis Spectrometers 
 
In 1999, the size of the 2T thermal beam tube has been enlarged, resulting in again in flux by a  factor 
of three. 2T is now fully equipped with a polarized neutron option.   
 
During the summer of 2006, a 3Θc supermirror coating was installed inside the beam tube of 4F1 and 
4F2, thereby multiplying the flux by a factor of up to 1.8 depending on the neutron energy. The 
polarized neutron setup was also improved with a new bender on 4F1. On 4F2, the secondary 
spectrometer was rebuilt using non-magnetic materials to allow the superconducting cryomagnet to 
be energized up to 10T.  
 
The renewal of the contract with the Karlsruher Institut für Technologie was accompanied by a 
refurbishment of 1T, including the installation of new goniometers, and the replacement of all coders 
and electronics. 1T now shares the same standards for electronics and software control as all others 
TAS at LLB. 

Finally, new sample environments for very low temperatures (≥ 30 mK) and high magnetic field (≤ 10 
T), as well as a new generation of more powerful cryogenerators (3 K – 800 K) have been 
commissioned and are open to users. Further improvements are foreseen, especially regarding 
intermediate-pressure equipments. 

 

The upgrades initiated on each instrument have to carry on, with 
highest priority placed on further increasing the flux. 2T should be 
equipped with a Cu200 focusing monochromator, optimizing the 
flux/resolution trade-off. A new focusing analyzer (silicon or 
graphite) is planned for 1T. The sizes of monochromators and 
analyzers should also be increased on 4F1 and 4F2 

We also need to improve the polarized neutron setup, requiring 
better Heussler crystals for both the monochromator and the 
analyzer on 2T.  High magnetic field studies on both thermal and 
cold TAS also require the rebulding of secondary spectrometers on 
2T and 4F1 using non-magnetic materials This will allow the 
asymetric 10 T cryomagnet to be implemented, first for unpolarized 
neutrons, then for polarized neutrons. 

 

Focusing mechanism of a PG 

analyzer with double curvature. 

 

Finally, it is necessary to maintain and develop a large number of different sample environments, 
especially for the very low temperatures and intermediate pressures. 
 

Financing 
 

 2009 2010 2011 2012 2013 2014 2015 
Monochromators  125  100   150 

Non magnetic spectrometer 140     220 70 
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Two-axes Diffractometers: Powder and 

Liquids 
 

The CAP2010 project was foreseeing 3 spectrometer recasting: 3T2 recasting has been finalized and 
G61 and 7C2 are in progress at present and will be finished in 2011. 

 
G6.1: This instrument favors a high flux and a high signal/background ratio at the expense of 

resolution. This spectrometer works with a supermirror guide and a focusing monochromator. Two 
focusing devices are installed before the sample in the high pressure version. The next improvement 
(planned in 2011) is the implementation of a new multidetector with two sample–detector distances 
(one with very large solid angle). This detector is at present tested on the G4-2 position and should 
be moved at G6.1 in spring 2011. 

 
7C2: Equipped with a multidetector with efficiency 17% (for the wavelength 0.7 Å), 7C2 is 

strongly penalized with regard to his direct competitors, in particular D4 at ILL. An in-depth 
transformation of the instrument is in progress. The 640 cells multidetector will be replaced by an 
assembly of 256 position sensitive tubes 50cm high with an efficiency higher than 75 % (for 0.7 Å). It 
will increase the counting rate by a factor 25 and will make of 7C2 a competitive instrument in the 
scientific domain covered by very few instruments. It will present with regard to D4 the advantage to 
cover the whole angular range in a single measurement, which is indispensable during 
measurements of evolutionary samples. 
The new 7C2 should be operational in the middle of 2011. 
A later replacement of the monochromator could result in gaining another factor of 2. 
 
 
 
 
 
 
 

                    7C2 - detector design  

 
 
 

 

7C2 – Detector design 

 
3T2: With the secondary spectrometer reconstructed and its equipment of a new 50 

collimators/detectors block, which has allowed dividing by 2 the diffractogram acquisition time, the 
3T2 instrument is in a new operational phase. CAP 2015 forecasts a possible channel replacement 
which would improve the counting statistics in multiplying the flux by 3. 

 
Financing 
 

 2009 2010 2011 2012 2013 2014 2015 
G6.1 MICRO  60 15     

7C2 320 200 100     

3T2 (pre-project)       550 

7C2 - 16 detector modules (developed at LLB) 

associating 16 position sensitive tubes 
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Single Crystal Diffractometers 
 

5C1 is a polarized neutron diffraction diffractometer mounted on the hot source of the ORPHEE 
Reactor.  Polarised neutron diffraction (PND) is rather unique technique in magnetism as it takes full 
advantage of the neutron magnetic moment and gives a direct access to the spin density distribution 
in the unit cell. In contrast to electron density, usually determined from high precision X-ray 
diffraction techniques, the spin density distribution is directly related to the unpaired electrons. 
Thus, by comparing spin and electron densities, one can get an insight into magnetic interactions. 
The PND has been extensively used in the LLB for many years and has been successively applied 
recently to the studies of: anomalous spin densities in ruthenates, bilayer manganites, photoinduced 
molecular switching compound. PND is also traditionally of particular interest for the community of 
chemists working in the field of molecular magnetism. 
 
5C1 refurbishment was included in CAP2010 instrumentation program and it will be replaced by VIP 
(Very Intense Polarized neutron diffractometer) this year.  In summer 2010 all its mechanicals part, 
radial collimators and 64 position sensitive detectors have been delivered to the LLB and tested in 
the guide hall.  Recently the new instrument was transported to its permanent place in the reactor 
hall. Now VIP enters in its qualification phase. It is planned that it will be open for users in the 
beginning of 2011. Compared to the current 5C1, VIP will present a large detection area covering 
about one steradian angular range, which will increase the efficiency of the instrument by nearly two 
orders of magnitude. 
The instrument is expected to be open for users after a one month qualification stage in December 
2010. VIP benefitted from financial support (50 k€) of Aquitaine region.  
In 2011 a replacement of focusing polarizing Heussler monochromator is envisaged. 
 

 
VIP (5C1) diffractometer  

 
Financing 
 

 2009 2010 2011 2012 2013 2014 2015 
VIP New Heussler   47 55     

5C2 PSD    150    
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Materials Diffractometers 
 

SUPER 6T1: A new high flux texture and strain instrument  

   
The optimal structural information is obtained by the simultaneous measurement of the texture and 
the strain state of the samples. This requires the measurements of the diffraction peaks (shape and 
position) for a maximum number of sample orientations. Counting must be performed as fast as 
possible with a flux as large as possible and with an optimized detection system. 

 
The new instrument will be installed in the reactor hall on a thermal canal. It will be equipped with 
several monochromators compatible with strain measurements in a 2θ=90° configuration, an Euler 
cradle equipped with translations stages and a position sensitive detector. 

 
 
 

 
 
This instrument will be optimized for academic research and for the characterization of "small" 
industrial elements (30kg max). It will not be usable with large industrial pieces (>100kg) which 
require handling and space not available in the reactor hall. Thus the instrument DIANE will remain 
operational for specific studies on large industrial pieces.   

 
2009 : definition of the SUPER 6T1 configuration 
2010 : design and fabrication of the new sample stage  
2011 : commissioning of the new sample stage 
2012 : installation of a 2D position Sensitive detector (DENEX) 
2013 : installation of  new focussing monochromators (Cu and graphite) 

 
Financing 
 

 2009 2010 2011 2012 2013 2014 2015 
6T1   150 150 150    
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Reflectometers 
 
 
 The users demand is oriented towards the in-situ characterization of the systems:  evolution as a 
function of the temperature, the pressure, the strain, the UV illumination... This evolution is partly 
due to the availability of more and more complex sample environments for the users.  
However, systematic studies as a function of numerous external parameters are presently rather 
difficult to perform because of the long acquisition times (a few hours per sample and per external 
condition). 
 
Our present strategy consists in trying to breach into new regions so that specular reflectivity 
measurements can be performed in a matter of a few minutes rather than a few hours. 
Our objective is not to be able to measure very low reflectivities nor to perform off-specular 
scattering measurements as in practice, these type of measurements (reflectivities R<10-6) represent 
only a small fraction of the user’s demand (<10%).  
 
 
 
 
 
 
 
 
 
 
 
 
New detector tank at two extreme configurations: (a) angle = 10°, sample height = 1265 mm, sample to 

detector distance = 200 mm, (b) angle = 15°, sample height = 1365 mm, sample to detector distance = 500 mm. 

 
We propose to upgrade the spectrometer EROS in order to make it a very high flux instrument for 
specular reflectivity measurements. The propose program is the following:  
 

• 2008:  installation of a high count rate multi-tube detector  (320x320mm²) 
• 2011 : installation of a new vacuum tube and mechanics for the 2D PSD 
• 2011 : test of a new optics for energy analysis 
• 2012:  implementation of the energy analysis option 
• 2013: design of a new chopper (allowing a coarse resolution, up to δλ/λ~20%) 
• 2014 : move on guide G6;  set-up of a new casemate 
• 2015 : commissioning of the new spectrometer 
  

Financing 
 

 2009 2010 2011 2012 2013 2014 2015 
Very high flux 

reflectometer 

100 - - 100 100 300 350 

 

(a) (b) 
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Small Angle Neutron Scattering  
 
In the instrumental program of LLB, CAP2015, we have planned a new SANS spectrometer, PA20, in 
replacement of one old SANS instrument (PAXE), located at the end of one neutron guide (G5 at 
ORPHEE). Owing to the G5 guide dimensions (80*25mm2), we can envisage to develop various 
focusing devices studied in the Neutron Optics program of NMI3. PA20 will be a spectrometer of last 
generation equipped with the most recent technology in neutron scattering. We aim at increasing 
both the neutron flux going through the sample, by implementing recent techniques of focusing 
(super-mirrors guides of various geometries) and focusing MgF2 lenses, which have just been 
successfully installed on PAXY. Important gain in the efficiency of the measurement of the scattering 
intensity can be achieved by using new very efficient multi-detectors of new generation covering in 
only one measurement a solid angle range of almost 2 orders of magnitude. The length of the 
instrument, approximately 2*20m, will make it possible to exploit both the flux and the resolution, 
and also to reach very small scattering vectors, at least 10-2 nm-1 (@8Å, 20m). PA20 will also provide 
a polarized neutron beam for magnetic studies with high polarization (>98%) between 4 and 20Å. 
The global increase, up to a factor 10, will be particularly appreciable to study the nanometer scale 
objects, but also the larger objects (15 - 100 nm), which are observable only at small scattering 
vectors, where the scattering intensity is generally weak. The technical performances which are 
possible to obtain by using last generation neutron devices will place the new instrument PA20 
among the best in the world, very close to those of ILL (Grenoble). 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme of the project PA20 implemented in the guide hall 
 

The replacement of the old PAXY multi detector is also scheduled. A contract with ILL has been 
signed in 2009 in order to build two new, high resolution (5*5mm2 pixel size), and efficient (up to 
80% at 0.5nm) multi detectors, one for PAXY and the second one for rear detector of PA20. Their 
delivery is scheduled for the end of 2012.  
PA20 is financially supported within regional programs “C nano d’Ile de France” (300 k€), Triangle de 
la Physique, Saclay (250 k€) and the Aquitaine Region (200 k€). 
 

Financing 
 

 2009 2010 2011 2012 2013 2014 2015 
PA20 400 500 400 200 100   

Detector PAXY 400       
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Quasi-elastic instruments 
 

Fa# 

 

After almost 30 years of good and efficient operation, the performances of Mibémol, the LLB-Orphée 
Time-of-Flight machine, are now challenged by the new generation of instruments, already in service 
or scheduled to come on-line in the next few years. In order to maintain a world-class scientific 
production, LLB has undertaken the design of a new ToF machine: this is the Fa# project. 
 

 

Schematic view of the FA# spectrometer. A 

brand new “large m” neutron guide will 

shed the incident neutron beam onto a 

doubling focusing monochromator 

(Pyrolytic graphite and/or MICA). 

Variable Guide/Monochromator and 

Monochromator/Sample distances will 

make it possible to switch from time to 

monochromatic focusing modes. A set 
3
He 

detectors at high pressure (10 bars) will 

ensure high Q resolution under extended 

solid angle coverage 

 

In the long run, Fa# will be the only ToF spectrometer at LLB. This machine must therefore show 
competitive performances in both quasi-elastic and inelastic measurements, for disordered systems 
(liquids, glasses, biology, chemistry, soft matter) but also crystalline samples (magnetism and solid 
state physics). Fa# will have to achieve high flexibility to reliably map energy resolution in the 15 to 
500 μeV range on an extended Q domain from 0.05 to 5 Å−1. The spectrometer should meet these 
criteria with the highest flux achievable. 
Among the different possible ToF technologies, a direct geometry so-called “hybrid” set-up seems to 
be able to meet all the criteria above. The design of Fa# is based on the FOCUS machine in operation 
at the Paul Scherrer Institute, Switzerland and also operated by Saarland University, Germany. 
 
The performances of Fa# will come from use of the state of the art following key elements: 

• a large surface super mirror, possibly with an elliptical shape, fully dedicated to the instrument, 
• a set of doubly focusing (both vertical and horizontal) monochromators, 
• a short flight path from sample to detector to maximize the detection solid angle (1.7 st), 
• 3He detectors at high pressure (10 bars) to maximise the detection efficiency of neutron 

scattered with high energy (routine detection up to 150 meV). 
 

Variable Guide/Monochromator and Monochromator/Sample distances will make it possible to 
switch from time to monochromatic focusing modes. This will be a key feature to reach the best flux 
vs. resolution balance, while accommodating the Bose population factor in experimental situations 
as different as fundamental magnetism related studies in the mK range and material oriented 
research conducted at temperatures up to a thousand Kelvins. 

 
Financing 
 

 2009 2010 2011 2012 2013 2014 2015 2016 
Fa#   850 1300 1400 1100 900 350 



 

MULTI-MUSES 

 

The aim of the MULTI-MUSES

resonance coils for the implementation of a multi det
Echo (NRSE) MUSES instrument and gain 2 orders in solid angle det
coils are the critical difficulty we have to overcome to realize the project. The coils are made of a 
vertical static of the order of few hundred Gauss in which are inserted a radiofrequency coils used in 
the frequency range between 50 kHz and 1 MHz. In order to produce an echo two coils are necessary 
per arm.  

 
 

 

General design of the M

 
We started the design of the first curved coil which correspond
and thus the most difficult to realize with a g
constructed new flat coils that should be located in the
order to improve the field homogeneity (better resolution quality) and the maximum reachable 
frequency (maximum spin echo time). These coils are going to be tested within the next weeks and if 
the quality is satisfactory then we will start the construction of similar curved coils w
months. 
 
 
 
 
 
 
 
 
 
 
 

Design of the first curved 

 

Financing 
 

 2009
MULTI-MUSES 20
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MUSES project is to design and construct Large Solid Angle (LSA) 
resonance coils for the implementation of a multi detector system on the Neutron Resonance Spin

instrument and gain 2 orders in solid angle detection. The curved resonance 
coils are the critical difficulty we have to overcome to realize the project. The coils are made of a 

f the order of few hundred Gauss in which are inserted a radiofrequency coils used in 
the frequency range between 50 kHz and 1 MHz. In order to produce an echo two coils are necessary 

 
 
 
 
 
 
 
 

 

 

 

General design of the Multi-detector NRSE spectrometer 

e started the design of the first curved coil which corresponds to the shorter radius of curvature 
and thus the most difficult to realize with a good field homogeneity. We also designed and 
constructed new flat coils that should be located in the first arm. New principles were developed in 
order to improve the field homogeneity (better resolution quality) and the maximum reachable 
frequency (maximum spin echo time). These coils are going to be tested within the next weeks and if 

we will start the construction of similar curved coils w

Design of the first curved coil of MULTI-MUSE and view of the flat flipper

2009 2010 2011 2012 2013 
20 120 75 110 105 
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project is to design and construct Large Solid Angle (LSA) 
ector system on the Neutron Resonance Spin-

. The curved resonance 
coils are the critical difficulty we have to overcome to realize the project. The coils are made of a 

f the order of few hundred Gauss in which are inserted a radiofrequency coils used in 
the frequency range between 50 kHz and 1 MHz. In order to produce an echo two coils are necessary 

to the shorter radius of curvature 
. We also designed and 

first arm. New principles were developed in 
order to improve the field homogeneity (better resolution quality) and the maximum reachable 
frequency (maximum spin echo time). These coils are going to be tested within the next weeks and if 

we will start the construction of similar curved coils within the 6 next 

and view of the flat flipper. 

2014 2015 
  



 

25 

 

NEPTUNE Project 

NEutron Polarization TUNability Experiment 
 

Changes of the neutron spin state in scattering provide quite unique information about the 
scattering media. Spin dependence of neutron cross sections is known to be a powerful probe in 
magnetic structures and excitations studies. Polarized neutrons allow separation of coherent and 
incoherent contributions in spectra, as well as separation of magnetic and nuclear contributions.  
They are used in Larmor time labelling and in spin-echo techniques. In recent years the use of 
polarised neutrons was rising very rapidly and all modern facilities possess a variety of polarized 
neutron scattering instruments. Growth of interest to polarized neutrons is due to a drastic 
improvement of modern polarization devices both based on the polarization of Helium 3, which can 
be achieved via spin-exchange optical pumping (SEOP), high quality modern supermirror devices and 
Heussler crystals.  An advantage of the SEOP technique is that it can be easily adapted to several 
families of spectrometers: 
 

1 - Small angle scattering and reflectometry, almost unique methods to study the structure of 
nanomaterials, complex systems, polymeric organic compounds and biological systems, where the 
isotope labelling is a major advantage of neutron scattering and polarization (PA20 Project, ESS, 
NanoInnovation). 
 

2 - Quasi-elastic spin echo and time of flight, enabling studies of the dynamics at different time scales 
in complex systems, in particular discrimination between local movements and collective modes. In 
some cases, the effectiveness of these instruments could be increased by a factor of 50 due to the 
use of multi-detectors with polarization analysis. Investigation of mesoscopic dynamics is expected to 
be greatly expanded. At present, only one instrument in the world, MAF at ILL, is adapted for this 
problem. 
 

3 - 4 circles diffractometers, where polarization analysis will open a way for detail studies of small 
single-crystal samples (used, for example in spin electronics), powder diffractometers for the study of 
complex magnetic structures and 3-axis spectrometers, where the separation of magnetic and 
nuclear contributions provided by polarized neutrons is of extreme importance. 
 

The NEPTUNE project which is at present in the phase of prospective development, addresses the 
possibilities of creation of such polarized instruments cluster at LLB. 
The funding required for the realization of NEPTUNE program is estimated as 3.5 M€. 
 

NEPTUNE upgrade program of LLB/Orphée instrument suite based on the SEOP in 
combination with other modern polarizing techniques should allow to maintain the TGE LLB/Orphée 
among the best international facilities, keeping or improving its current rank (at present LLB occupies 
the place of the third neutron facility in the world regarding the publication number in highly 
recognized international journals). 
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Instrument Development Group 
 

The instrument Development Group was created in 2008 in order to bring together the 
engineers in charge of projects and the engineering and design department with an aim of improving 
the effectiveness and the visibility of the instrumental projects of the LLB. It is composed of 4 project 
engineers and 2 designers whose complementary competences include the follow-up of projects, the 
expertise in mechanics and computer-aided design, the vacuum and ultra-high vacuum, the 
resistance of materials, optics, magnetism, thermal effects, the polarization of neutron, the radio 
frequency circuitry, the dimensioning, the static and dynamic calculation, the magnetic simulations 
and the realization of prototype. 
 
The Instrument Development Group operates on multi technical levels: the technical responsibility 
and follow-up of the large instrumental projects within the framework of CAP2015, the responsibility 
or support for moderate projects such as youth of an instrument or specific equipment, the work “in 
the urgency” to support experimenters, the support to the technician and engineer staff defining and 
writing the request of proposals, schedules and follow-up of the contracts. 
 
Concerning CAP2015, our project management method is described in the document “Rules off 
project conduct at LLB” which enables identifying the critical points and the risks of a project, 
clarifying without any ambiguity the specifications of the projects (communication between the 
scientist and the technical managers) and to return account more effectively to the hierarchy. 

 

Electronic Group 
 

The Electronic Group (EG) is a team of 2 engineers and 2 electronics technicians and one 
assembly technician. 
 
The EG priority is to ensure operational availability and reliability of the instruments electronics. 
Members of the EG bring also their knowledge and experience when selecting technical solutions 
and due to their additional knowledge in mechanics and computer science, they help to produce 
specifications that are more meaningful in carrying out a link with related domains. 
 
The EG core activity is to maintain and design real time electronic systems providing the interface 
between driving computers and the different parts of the spectrometers such as mechanics, 
detectors, sample environment, etc. The EG develops and works out new electronic devices in order 
to achieve better technical specifications of the spectrometers (new features, dead time 
minimization, safety, etc.) 
Its field is very large since it comprises really different branches like motion control, signal processing 
and detector acquisition, up to the design, programming and microprogramming of real time 
controllers.  
 
The EG tries to focus its efforts on common spectrometer features such as positioning, counting and 
data acquisition. One of the best successes of the team is to have created an instrumentation 
framework (“Daffodil”) well accepted at the lab and which has been bought by several Institutes and 
Labs in France and abroad as well. 
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Support Group for Experiments and 

Sample Environment 
 

The Support Group for Experiments and Sample Environments was created in 2008 with the 
aim to create a clearly identified point of contact for external collaborators including the activity of 
using and ensuring the smooth running of the experiments. Historically support for experiments was 
provided by the group whose device was attached. Concerning the smooth conduct of experiments, 
this group includes the activities of the mechanical workshop, the service of fluids, gases and other 
consumables. The group consists of one engineer, one technician for consumables and one full-time 
mechanic for the workshop. 
An important task of the group is the design and manufacture of high-pressure chambers, up to 
30kbar. Among its activities, the group also supports the application and development of various 
devices for sample environment in collaboration with the instrument technicians, provides assistance 
and guidance to technicians and instrument engineers, realizes devices for experiments in the 
workshop, manages the workshop capacity and supervises the subcontractor’s productions, trains 
the technicians on machine tools, monitors the recovery of helium and the vacuum and alignment of 
the neutron guides. 

 

Information Technology Group 
 
The Information Technology Group (IT) is, since the beginning of construction of the 

LLB, the main support for the network, system administration and software developments 
for neutron spectrometers.  
The IT is a team composed of a group manager, a software development engineer and a 
system administrator. 
 
Concerning the system and network, IT manages 200 computers with 15 network printers 
located in two buildings and a storage server (5 TB) with automatic backup for user data. The 
software development unit consists in our command softwares developed in Visual Basic, C 
+ + and recently Visual Studio 2008. IT takes care of 12 out of 23 laboratory spectrometers. 
The remaining 11 are managed by external organization in collaboration with the laboratory 
or directly by the physicist in charge of the spectrometer. IT also provides a technical 
support for the spectrometer data processing and current software adaptation and follow-
up via a management database. 
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Biology Laboratory 
 

 The mission of the biology laboratory is to provide: (i) a technical and scientific support to 
users in Biophysics to prepare their experiments on neutron spectrometers, and (ii) the equipments 
used in the research projects of LLB scientists in the field of molecular biology, microbiology, and 
biochemistry. 

The biology laboratory is equipped to prepare biological materials for neutron scattering 
experiments, i.e. in large protein and DNA quantities and exchanged in D2O:  

• DNA analytic and production techniques (thermocycler, gel migration, gel imaging), 
• recombinant protein preparation (microbiology equipment, autoclave, sonicator, 

centrifuges) for bacterial culture and lysis, 
• protein production and/or separation (centrifuges, FPLC chromatography) and 

characterization (SDS-PAGE, Western-blotting), 
• protein and DNA determination (UV-visible and fluorescence spectroscopy), 
• cold room: critical to use FPLC chromatography without denaturing the proteins and to 

dialyze at low temperature biological samples in D2O (H-D exchange),  
• ultra-pure water production, pH meter, vortex, magnetic stirrers, etc., 
• -20°C and -80°C freezers to store DNA and proteins. 

 

A perspective is to update the microbiology equipment for cyanobacteria which have the ability to 
grow in D2O media and, so, can be used to produce deuterated proteins, such as C-phycocyanin (a 
light-harvested protein present in cyanobacteria in large quantity). The objective is then to adapt 
more conventional bacteria (Escherichia coli) to produce any recombinant proteins in deuterated 
media. 

Chemistry Platform 
 
Since its creation, the LLB has always included important chemistry activities. The recent 

development of this platform allows to greatly improve its impact on the support to our external 
users or research within the LLB, either through a simple sample preparation, or a more elaborate 
synthetic procedure. The chemistry expertise present at LLB, involves mainly organic/polymer 
chemistry and/or inorganic/mesoporous materials synthesis.  
Some hoods are presents in the 3 rooms dedicated to chemistry and the construction of new ones, 
are scheduled before the end of 2010. A special room is reserved for stocking chemicals (H and D) 
with adequate ventilation. Regarding equipment, some hoods are equipped with vacuum/ inert 
gases ramps. Fridges, freezers and precision balances are also present. Some advanced 
characterization equipments are also available: size-exclusion chromatography (SEC), DSC, TGA, UV 
and infra-red spectroscopy. 
 
Various improvements are planned in the near future, for better working and security conditions: 

• A technical support through the hiring of a technician, essential for a continuous contact 
with the users and for the maintenance of the different equipments.  

• The construction of an adequate place for the setting of our gases containers, 
• The purchase of an equipment to measure the sizes in the range of those attainable with 

small-angle neutron scattering. A « Nanosizer » (light back-scattering). 

• The improvement of the chemistry place in the Guide Hall. 
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Cryogenic Platform 
 
Following a great increase in the use of cryogenic sample environments, the LLB has 

developed a cryogenic platform whose missions are to provide technical skills especially in the field 
of ultra low temperatures (0.01 K), intense magnetic fields or high temperatures (2000 K). This 
platform also provides LLB teams with local equipment (bench pumping, leak detector, temperature 
measurement equipment ...) needed for small repairs (leakages, thermometry ...). 
A dedicated room was built for the development of new hardware and to give the necessary space to 
manage all the different tasks. 

The most recent realizations are the development of a dilution without liquid helium and its 
programmable automat, the complex in-house repairing of Orange cryostats and development of a 
4K cryogenerator with sample well. 

 

High Pressure Platform 
 

The high-pressure research is one of the specialties of the LLB. There is a specially optimized 
powder diffractometer G6.1 (Micro) in the guide hall dedicated to this research. The instrument was 
optimized to find the best compromise between resolution, intensity and available scattering range 
to study magnetic superstructures or mesoscopic structures (such as nanomaterials). Therefore an 
independent sample focusing system in the vertical and the horizontal plane were installed. The 
increase of intensity was determined by a factor of 7. By applying cadmium screens inside the 
cryostat background scattering from the cryostat walls was avoided. These preparations give us the 
possibilities to study among others microsamples under very high pressure (up to 50 GPa). High 
pressure could also be combined with low temperatures (down to 0.1 K) and applied magnetic fields 
(up to 7.5 T). For the different sample volumes, different Kurchatov-LLB pressure cells with sapphire 
or diamond anvils are in use. 
Dedicated to other instruments we also own a Paris-Edinburgh cell for bigger sample volumes. 
Beside this very high pressure equipment, the LLB possesses different other types of high pressure 
material. Especially modified Orange cryostats using liquid helium (like the others) with heavy cool 
down power for the big masses of high pressure cells. 
For the use up to 1 GPa (10 kbar) we have one high pressure gas generator, a two stage system. The 
first stage up to 0.3 GPa and the second stage up to 1 GPa. The two liquid pressure generators are 
hand driven commercial systems which work up to 0.7 GPa. 
The different existing pressure cells are covering a huge field of investigation. There are cells for 
SANS experiments equipped with different windows depending on maximum required pressure. 
These are made from aluminium alloys or niobium. Then we have several high pressure cells made 
from a copper beryllium alloy (CuBe2, alloy 25) with different sizes and maximum working pressures. 
Beside of this other cells made from aluminium alloys (7049A T6 or 2017A T4) or the titanium- 
zirconium zero-scattering alloy are also available. For the pressure range up to 2.5 GPa we possess a 
Mc-Whan type pressure cell with sample volumes up to 200 mm³. 
 

To intensify the collaboration and experience exchange with the other neutron centers, the 
LLB is participating in the European NMI3 FP7 JRA Framework especially Sample Environment with 
the development of a high pressure gas cell for inert gases up to 0.8 and 1 GPa and the procurement 
of an automated gas handling system up to 1GPa. Over and above that the LLB participate in 
collaboration with SOLEIL to create a common laboratory to use extreme conditions. 
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Health and Safety 
Every equipment and building of the LLB and of the Orphée reactor are grouped within a single 

entity called the INB101 (Installation Nucléaire de Base #101). The director of the Orphée reactor is 
the safety responsible within the whole entity, and the director of the LLB has in charge the safety of 
the LLB visitors, equipments and buildings. 

 
Most of the periodic regulatory controls, such as electricity, lifting equipments, fire detectors, 
cryogenics systems, are taken into account by contracts at the CEA/Saclay level. Specific contracts 
are set for the maintenance of special devices like centrifuges. 
 
At his arrival at the laboratory each individual worker elaborates and signs his risk analysis sheet with 
the safety engineer. This document describes all risks linked with the work performed at the LLB. 
Various CEA softwares are used to evaluate the level of classical and chemical risks in all offices and 
laboratories of the LLB. This analysis has been done during the summer 2010. It suggests some 
modifications which are currently underway in order to improve safety in our chemical laboratories.  
In order to set the radiological safety the director of the Orphée reactor is helped by an independent 
radiation protection group advising him on how to put in application all the regulations within the 
entity INB101. The main features of these actions are the following ones: 
 

• Every people working on the spectrometers have a B classification. They receive radiological 

safety trainings every 3 years, benefit of specific health survey and are equipped with passive 

and operational dosimeters, 

• Every area of the entity INB101 has received a different radiological classification which 

reflects the level of radiation observed. This classification is clearly displayed. By this way, 

workers are aware of the risk level in each individual area of the entity, 

• Following the same principle, each area of the entity has its own waste classification as a 

function of the activation risk. Depending of the waste classification, waste produced will 

follow different routes for their evacuation. This classification has been set in order to 

decrease the risk of radioactivity dissemination. 

Different actions undertaken recently aim to the reduction of the exposure of workers to radiations, 
chemical and mechanical risks. They are briefly listed here: 
 

• Use of a new film dosimeter with higher sensitivity for all workers, 

• Improvement of radiological shielding between spectrometers (1T-2T, 4F1-4F2), 

• Set of interlock on the access of high flux spectrometers (G43, G52, 2T and 6T1), 

• Improvement of handlings on spectrometer with new gateways and scaffolds (3T2, Muses, 

5C1), 

• Upgrade of our cold room, 

• Upgrade of the majority of our hoods in the chemistry laboratories, 

• New distribution of research activities in the laboratories of the ground floor of blg.563. 

The next short time projects in safety are more dedicated to the improvement of wellness of work. 
They mainly concern the modification of the access to the experimental hall with a shorter path to 
blg.563 and the realization of a new cloakroom for all workers of the hall of neutrons guides in 
blg.541. 
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Instruments layout 

 

Triple axis instruments           Contacts 

1T Thermal triple axis with focusing   yvan.sidis@cea.fr / daniel.lamago@cea.fr 
2T Thermal triple axis with polarized neutrons  philippe.bourges@cea.fr 
4F1 Cold triple axis with polarized neutrons  sylvain.petit@cea.fr 
4F2 Cold triple axis     daniel.petitgrand@cea.fr 
Two-axes Diffractometers: Powder and Liquids 

3T2 High resolution powder diffractometer  florence.porcher@cea.fr 
G4.1 2 axis with cold neutrons     gilles.andre@cea.fr 
G6.1 2 axis with cold neutrons for high pressures  isabelle.mirebeau@cea.fr 
7C2 2 axis with hot neutrons for liquid and 

amorphous materials    brigitte.beuneu@cea.fr 
Single Crystal Diffractometers 

5C1 2 axis with polarized hot neutrons   beatrice.gillon@cea.fr 
5C2 4 circles with hot neutrons   alain-f.cousson@cea.fr 
6T2 4 circles with thermal neutron and lifting arm arsen.goukassov@cea.fr 
Materials Diffractometers 

6T1 4 circles with thermal neutrons for texture  marie-helene.mathon@cea.fr 
G5.2 Strain scanner      vincent.klosek@cea.fr 
Reflectometers 

G3bis Time of Flight reflectometer    fabrice.cousin@cea.fr 
G2.4 Reflectometer with polarization analysis  frederic.ott@cea.fr 
Small Angle Neutron Scattering 

G1.2 Small angle with isotropic detector   didier.lairez@cea.fr 
G2.3 Small angle with focusing    alain.lapp@cea.fr 
G5.4 Small angle      jacques.jestin@cea.fr 
G5bis Very small angle      annie.brulet@cea.fr 
Quasi-elastic instruments 

G1bis Resonant spin-echo    stephane.longeville@cea.fr 
G6.2 Time of flight spectrometer    jean-marc.zanotti@cea.fr 
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Instruments specifications 
Triple-axis instruments 

1T  "Thermal neutrons" high-flux 3-axis instrument with focusing monochromator and analyzer, 
mainly devoted to phonon dispersion curves measurements. Very high pressure cell (100 
kbar) available. 

CRG Instrument operated in collaboration between the INFP Karlsruhe and the LLB 
2T  "Thermal neutrons" high-flux spectrometer with focusing monochromator and analyzer, 

mainly devoted to spin waves and magnetic excitations studies (1.5 to 80 meV). 
4F1 "Cold neutrons" high flux 3-axis instruments with double monochromator and analyzer,  
4F2 mainly devoted to the study of low-energy (15μeV to 4meV) magnetic excitations. Polarized 

neutrons and polarization analysis option available. 
Two-axes Diffractometers: Powder and Liquids 

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 

G6.1  "Cold neutrons" 2-axis (multidetector 400 cells) with long wavelength (~5Å) and high flux, for 
the study of very small powder samples (<1mm3). Very high pressure cell available (40 GPa). 

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). 

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-circle, mainly for magnetic structure 

determination. 12 Tesla magnetic field available, 2D detector. 
Materials Diffractometers 

6T1  "Thermal neutrons" 4-circle for texture determination. 
G5.2  "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. 

G 2.4  "Cold neutrons" reflectometer with polarized neutrons and polarization analysis for the study 
of magnetic layers.  

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). 

G5.4  "Cold neutrons" (X-Y detector, 64x64 cells) for multipurpose studies of large scale structures. 
G5bis  Very Small Angle Neutrons Scattering spectrometer 
Quasi-elastic instruments 

G6.2  "Cold neutrons" high resolution (~15μeV at 10Å) time-of-flight instrument for the study of 
low energy excitations, mainly in disordered systems. 

G1bis "Cold neutrons", high resolution and high flux spin-echo instrument. Study in a large Q range, 
slow dynamics of large molecules in biology or long relaxation times like in glassy transition (Fourier 
times ~ 20ns) 
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Organization and Staff 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Appendix 

36 

 

Financing 

 
 

 

  2009 2010 2011 2012 2013 2014 2015 

        
Triple-axis   

Monochromators   125   100     150 
Non magnetic spectrometers 140         220 70 

Two-axis   
Micro   60 15         

7C2 320 200 100         
3T2             550 

Single Crystal   
VIP new heussler   47 55         

5C2       150       
Materials diffractometers   

6T1   150 150 150       
Reflectometry   

Very high flux reflectometer 100     100 100 300 350 
Small Angles   

PA20 400 500 400 200 100     
Detector PAXY 400             

Quasi-elastic   
Fa#

1
     850 1300 1400 1100 900 

Multi-muses 20 120 75 110 105     
        

Total 1380 1202 1645 2110 1705 1620 2020 

 

(Unit: k€) 

                                                 
1
 Although these figures assume the ordering of helium for Fa# detectors, other alternative are being studied. 


