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Abstract – A beamline dedicated to the study of highly radioactive samples up to 18.5 GBq will be 
constructed on the new third generation synchrotron SOLEIL. Based on the use of X ray beam of very high 
flux, this beamline named MARS will give true opportunities for new studies of chemistry and physics on 
fuel cycle materials with the respect of safety conditions. Complementary investigations should be carried 
out on different experimental stations. The three main techniques will be the micro fluorescence, the micro 
absorption and the high resolution diffraction. The MARS beamline should be up and working for the 
international community by the beginning of 2007. 
 

 
 

INTRODUCTION 
Understanding and modeling of physico-
chemical properties of nuclear fuel cycle 
materials are highly dependent on the 
complementary nature and the accuracy of 
experimental results. During the last decades, the 
use of synchrotron facilities which provide 
intense X-ray radiation over a large energy range 
has emerged as an indispensable tool for the 
characterization of structural, physical, chemical, 
electronic and magnetic properties of matter.  
The construction of a new third generation 
synchrotron facility in France, SOLEIL (Source 
Optimisée de Lumière d’Energie Intermédiaire 
de Lure) [1] offers a real opportunity to erect the 
new experimental MARS (MAtière Radioactive 
à SOLEIL) beamline fully dedicated to research 
on radioactive matter. The beamline will accept a 
large variety of radioactive samples (α, β, γ and 
n emitters) with an activity up to 18.6 GBq per 
sample. 
The aims of the MARS beamline is clearly an 
extension of the current operational stations [2,3] 
and of research towards the use of synchrotron 
radiation in multidisciplinary fields (physics, 
chemistry, biology) with respect to national and 
European safety regulations for preparation, 
handling, storage and transportation of 
radioactive materials. 
 
SCIENTIFIC NEEDS 
Since the beginning of this beamline project, 
significant scientific needs related to nuclear fuel 
cycle have been expressed. Many of them would 
be satisfactorily resolved only by application of 
advanced synchrotron techniques such as X-ray 

absorption spectroscopy (XAS), micro X-ray 
diffraction (XRD) and micro X-ray fluorescence 
(XRF). This section illustrates from a brief 
review the current issues to be solved and the 
diversity of radioactive samples to be probed. 
Understanding the structural behavior of nuclear 
fuels and ceramics, fuel claddings and nuclear 
core elements are fundamental for designing the 
new generation nuclear reactors. Indeed, the 
components of the structural framework of 
nuclear reactors are subject to intense neutron 
fluxes and heat-carrying water. Irradiations can 
dramatically alter the properties of these solids 
by creation of defects, and formation of 
important amounts of activated elements. Also 
the corrosion processes and the evolution under 
irradiation of the chemical and structural 
properties of zirconium claddings and structural 
steel materials must be investigated. 
Burning optimization of Pu in MOX depends on 
the homogeneity of the solid solution [4]. The 
characterization of the physical and chemical 
properties of MOX as a function of synthesis 
route and irradiation conditions will lead to a 
correlation between the heterogeneity of the 
microstructure and the fuel’s mechanical and 
thermo chemical properties, as well as its 
capacity to retain fission gases. Similar studies 
could be applied to heterogeneous fuels like 
carbide or nitride ceramics dispersed in a 
ceramic or a metallic matrix. 
Separation of fission products and actinides from 
nuclear spent fuels is performed by selective 
extraction techniques, whereby an organic ligand 
selectively complexes U and Pu under controlled 
chemical conditions and the organometallic 
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complex is then dissolved in an extractant liquid 
phase. Optimization of the radionuclides (RN) 
separation techniques will hinge on resolution of 
key issues such as the selectivity of organic 
ligands with respect to a specific RN [5]. 
During the storage time of the burned fuel, 
understanding the oxidation reactions is required 
to model the behavior of spent fuel over 
timescales. Characterization of the chemical 
environment of long lived fission products and 
neutron poisons is also crucial to predict release 
rates of RN during storage. 
High-level wastes generated by fuel processing 
are then currently encased in glasses and may be 
occluded in ceramics with enhanced retention 
properties in the future. The long-term tolerance 
of such matrices to RN decay and internal 
irradiation must be carefully evaluated to allow 
successful confinement of RNs over geological 
timescales. In addition, identifying the 
mechanisms of alteration materials and 
understanding the RN migration in natural 
systems are essential to assess the safety of waste 
repositories. 
 
BEAMLINE LAYOUT 
The MARS beamline will be located on the 
bending magnet port D03-1 on the SOLEIL 
storage ring (Fig. 1). Its architecture will mainly 
consist of three hutches, the first one for optics 
and the two others being for the sample 
characterizations and the sample preparations 
and storage.  
Because of sample hazards in terms of 
contamination and irradiation, both hutches have 
been specially designed to be considered as 
“Installation Classée pour la Protection de 
l’Environnement” (ICPE) under the French 
regime of authorization. The fixed equivalent 
activity limits referred to the group 1 of 
radioisotopes are 18.5 GBq per sample and 
185 GBq for the total activity stored on the 
beamline. Access to this area for operation will 
be restricted to personnel classified in the 
category B as defined by the radioprotection 
rules leading to a maximum dose rate of 3 µSv/h, 
6 times the public value.  
To maintain a dynamic confinement these 
hutches will be equipped with airlocks and kept 
at low pressure by a dedicated ventilation 
system. Sample preparation will be possible in 
glove boxes connected to a separate air 
ventilation system. 
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Fig. 1. Top view of the MARS beamline located 

on the bending port D03-1 of the synchrotron 
SOLEIL (Saint-Aubin, France). 
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In addition a fire-proof coating will be fixed on 
the walls and the ceiling for creating two 
independent fire sectors with a fire resistance of 
2 hours. To respect the load limitations on the 
experimental slab, shielding will be limited to 
the volume around irradiating samples if 
necessary. The hutch will be considered as the 
third safety barrier which means that holders of 
contaminant samples should have at least two 
independent airtight barriers. 
 
Design of the beamline optics 
The X-ray optics has been designed for 
performing absorption spectroscopy, diffraction, 
fluorescence and tomography characterizations 
with the possibility of time resolved analyses. 
Due to diversity of experiments the range of 
energy goes from some keV to several tens of 
keV. Because of the bending magnet source of 
the MARS beamline, it was decided to optimize 
it in the range of 3.5 to 35 keV and to give the 
possibility to perform some experiment at higher 
energy (up to 50 keV) using one of the 
experimental hutches of the High Pressure 
beamline which is set on a wiggler source. 
Also the design takes into account the large 
demand for focus beams (sizes around 
100 x 100 µm2) and micro-focus beams (sizes 
less than 10 x 10 µm2). Beyond the scientific 
interest, these focused modes on both horizontal 
and vertical planes are also interesting because 
they contribute to decrease the volume of 
analyzed materials and consequently the dose 
rate. 
The main characteristic of the MARS optics 
(Fig. 2) is its ability of using two different 
configurations depending on the selected 
elements. These elements are two long mirrors 
(M1 and M2) and two monochromators, first a 
double crystal monochromator (DCM) and 
second a single crystal monochromator (SCM). 
The dispersive configuration will be mainly 
selected for time resolved experiments (ms 
regime) in the energy range of 4 – 22 keV. In 
this case the DCM must be translated out the X-
ray beam. The beam is then focused by the first 
mirrors M1 and reflected by M2. Depending on 
the energy, the beam height goes from - 55 mm 
to - 10 mm with respect to the primary beam. 
The energy dispersion and the horizontal 
focusing are achieved by Bragg reflection on the 
curved crystal of the SCM. 
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Fig. 2. Schematic representation of both 

configurations of the MARS optics showing the 
main components and their respective distances.  
The optics accepts a 3 mrad horizontal aperture. 

 
In the standard configuration the beam is firstly 
vertically collimated by the bent mirror M1 
which removes also higher order harmonics. 
Two complementary coatings are currently 
considered for mirrors M1 and M2 which are 
water cooled. A Rh strip will be used from 3.5 to 
20 keV and then a Pt one at higher energy. 
Because of the limited length of the mirrors, the 
minimum glancing angle will be fixed to 2 mrad 
in order to get reasonable photon fluxes at high 
energies. The vertically parallel beam from M1 
is then interacting with both crystals of DCM for 
energy selection (two successive Bragg 
reflections from Si(111) or Si(311) crystals). A 
continuous energy scanning mode will allow 
flexible adjustment of the experimental time-
resolution during fast measurements and the 
conventional step-by-step scanning mode will 
yield to highest signal-to-noise ratios for slower 
scans. The second crystal of the DCM provides 
sagittal focusing by cylindrical bending. Finally 
the beam is reflected and focused by the mirror 
M2 onto the sample. This optical system gives a 
fixed exit beam during energy scans with an 
offset of + 20 mm with respect to the primary 
beam. The flux which should be obtained from 
this configuration is indicated on Fig. 3 for the 
selected energy range. 
In addition micro beams with dimensions below 
5 x 5 µm2 should be obtained from the first 
focused image (around 150 x 100 µm2) of the X-
ray source by a set of mirrors in the Kirkpatrick-
Baez geometry. 
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Fig. 3. Expected focused flux on the sample 
versus energy using two different mirror coatings 

(Rh strip up to 20 keV and Pt strip above) and 
two sets of crystals (Si (111) and Si (311)). 

 
This standard configuration will be mainly used 
for performing alternatively high resolution 
powder diffraction (HRPD) and X-ray 
absorption fine structure spectroscopy (XAFS). 
 
Powder diffraction station 
A robust 2-circle diffractometer will be available 
for high resolution powder diffraction 
measurements. It will be based on two coaxial, 
high precision rotary tables with high loading 
capacities. The characteristics of the inner circle 
(omega) should be kept constant using sample 
container up to 75 kg mass (Fig. 4). For 
particular studies (stress an texture 
measurements) an open Eulerian cradle can be 
mounted on the omega circle to provide two 
more circles. However in this case the weight 
and the volume of the sample holder must be 
largely decreased which constrains the studies to 
low radioactive materials. 
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Fig. 4. One example of a special container or 

holder for radioactive material designed for high 
resolution powder diffraction. The opening of the 
window through which the diffracted beams exit 

the container is directly controlled by the 
external circle of the diffractometer. 

The ultra high resolution detector system based 
on an utilization of a perfect crystal analyser is 
embarked by the outer table (2theta circle). In 
addition it would be also possible to perform 
quick measurements at the expense of the 
resolution by using an energy resolving Ge 
detector or a linear position sensitive detector 
coupled to Söller slits fixed on the same arm. In 
this case the experiments will be limited to the α 
and β emitters due to the noise coming from 
radioactive decays of samples. 
 
Absorption spectroscopy station 
A general purpose X-ray absorption 
spectroscopy set up will be available at a 
distance of 3 m downstream the diffraction 
station. This second station will be also equipped 
for performing X-ray fluorescence analysis. Two 
principal ways of detection would be available 
i.e. transmission mode (using photodiodes) and 
fluorescence mode (multielement detector). 
Nevertheless, because of radioactive decays from 
the samples additional equipment will be 
necessary in order to select the useful energy and 
consequently to optimize the signal to noise 
ratio. 
 
Sample environments 
Sample should be directly analyzed inside either 
some standard sample holders or a glove box 
depending on the risks estimated for the 
experiments (nature of samples, variations of 
external parameters etc…).  
If necessary measurements at low temperature 
could be achieved using a special cryostat 
necessitating additional shielding around the 
sample. 
Moreover, different ways of heating (electrical 
resistance or laser radiation) will be considered 
to develop complementary devices for high 
temperature experiments. Whatever the sample 
environment, the main difficulties will be to 
guaranty the sample confinement over the 
experiment duration. 
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