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ABSTRACT
The MARS beamline at SOLEIL provides a unique environment for the investigation of radioactive samples [1]. Born from a strategic partnership with the CEA, the beamline was designed in the mid-2000s to combine X-ray absorption spectroscopy (XAS) and X-ray diffraction (XRD) for the study of highly radioactive materials. Since its opening in 2010, MARS has undergone continuous technological and radiological expansion.

A significant milestone was reached in 2019 with successful experiments on spent nuclear fuel, leading to an increased radioactivity limit of 18.5 GBq per sample (and 185 GBq for storage). This allows for sophisticated experiments under diverse conditions, including extreme temperatures, high pressures, and in situ chemical environments.

The beamline currently offers a vast analytical toolkit across the hard X-ray domain (3–35 keV). This range enables synergistic investigations, such as combining actinide 5f-state analysis via RIXS at the M-edge with structural determination via EXAFS at the L-edge [2-4]. Additionally, the high-energy regime facilitates advanced X-ray diffraction and scattering (XRD, SAXS/WAXS) [5-6]. Recent advancements have further extended these capabilities into the realm of high-resolution imaging, utilizing microbeam [7] and full-field modes (e.g., FF-CT and multi-modal mapping combining XRF, XRD, and absorption contrast) to achieve 2D and 3D characterization. This presentation will outline the beamline’s multifaceted capabilities and demonstrate them through recent high-impact X-ray spectroscopy experiments.


References
1.   B. Sitaud et al., Journal of Nuclear Materials 425, 238-243 (2012).
[bookmark: Name1]2.   I. Llorens et al., Radiochimica Acta 102, 957-972 (2014).
3.   M.O.J.Y. Hunault et al., Inorganic Chemistry 58, 6858-6865 (2019).
4.   N.M. Alcock et al., Chemical Science 17, 12406–12415 (2026).
5.   M. Jizzini et al., Nuclear Materials and Energy 31, art n° 101183.B (2022).
6.   T. Dumas et al., Journal of Synchrotron Radiation 29, 30-36 (2022).
7.   M. Zerbini et al., Scientific Reports, 14, 1-13 14, 1-13 (2024).




MARS:  t he  French  B eamline  D edicated to  R adioactive  S amples     P.L. Solari, M.O.J.Y Hunault, D. Menut, T.G. Burrow, W. Breton   Synchrotron SOLEIL, L’Orme des Merisiers,  R oute  D épartementale 128, 91190 Saint Aubin,  France     ABSTRACT   The MARS beamline at SOLEIL provides a unique environment for the investigation of  radioactive samples [1]. Born from a strategic partnership with the CEA, the beamline was  designed in the  mid - 2000s to combine X - ray absorption spectroscopy (XAS) and X - ray  diffraction (XRD) for the study of highly radioactive materials. Since its  open ing in 2010, MARS  has undergone continuous technological and radiological expansion.     A significant milestone was reached in 2019 with successful experiments on spent nuclear  fuel, leading to an increased radioactivity limit of 18.5 GBq per sample (and 185 GBq for  storage). This allows for sophisticated experiments under diverse conditions,   including  extreme temperatures, high pressures, and in situ chemical environments.     The beamline currently offers a vast analytical toolkit across the hard X - ray domain (3 – 35  keV). This range enables synergistic investigations, such as combining actinide 5f - state  analysis via RIXS at the M - edge with structural determination via EXAFS at t he L - edge   [2 - 4] .  Additionally, the high - energy regime facilitates advanced X - ray diffraction and scattering (XRD,  SAXS/WAXS) [5 - 6]. Recent advancements have further extended these capabilities into the  realm of high - resolution imaging, utilizing microbeam [7] and full - fi eld modes (e.g., FF - CT and  multi - modal mapping combining  𝜇 XRF,  𝜇 XRD, and absorption contrast) to achieve 2D and 3D  characterization. This presentation will outline the beamline’s multifaceted capabilities and  demonstrate them through recent high - impact X - ray spectroscopy experiments.       REFERENCES   1.      B. Sitaud et al.,  Journal of Nuclear Materials   425 , 2 38 - 243   (2012).   2.      I. Llorens et al. ,  Radiochimica Acta   102 ,  957 - 972   (20 1 4).   3.      M.O.J.Y. Hunault et al. ,  Inorganic Chemistry   5 8 ,  6858 - 6865   (20 19 ).   4.      N . M.   Alcock   et al.,   Chemical Science   17 , 12406 – 12415 (2026).   5 .      M. Jizzini et al. ,  Nuclear Materials and Energy   31 ,  art n° 101183.B   (20 22 ).   6 .      T. Dumas et al. ,  Journal of Synchrotron Radiation   29 ,  30 - 36   (20 22 ).   7 .      M. Zerbini et al. ,  Scientific Reports , 14, 1 - 13   14 ,  1 - 13   (20 2 4).        

