
How the symmetry of x-rays reveals the asymmetry of ma2er 
 

Amélie Juhin* 
 
Ins%tut de Minéralogie, Physique des Matériaux et Cosmochimie (IMPMC), CNRS-Sorbonne Université-
MNHN, 4 Place Jussieu 75252 Paris Cedex 5 
 
* amelie.juhin@sorbonne-universite.fr 
 
 
 
X-ray spectroscopies performed at synchrotron light sources, such as X-ray Absorption Spectroscopy 
(XAS) and Resonant Inelastic X-ray Scattering (RIXS) are powerful tools to study complex materials, due 
to their chemical selectivity that allows disentangling the respective contributions of different atomic 
species [1]. In this talk, I will show how the use of incident polarized x-rays (either linear or circular) can 
allow a deeper understanding of the electronic structure and reveal emergent properties. X-ray 
dichroism is defined as the difference in the x-ray cross-section measured for two polarization states of 
the incident light (vertical vs horizontal linear polarizations or left vs right circular polarizations). There 
exist different types of dichroisms that depend on the symmetry of the light-matter interaction operator 
with respect to time-reversal symmetry and to space inversion (also called parity) symmetry. While 
parity is broken in non-centrosymmetric crystals, time-reversal symmetry can be broken in materials 
either by spontaneous magnetic ordering or by the application of an external magnetic field. Different 
combinations yielding to different measurable dichroisms are therefore possible, the most popular 
certainly being X-ray Magnetic Circular Dichroism which is measured in centrosymmetric 
ferro/ferrimagnetic materials and provides access to the ground state spin and orbital magnetic 
moments of the absorbing atom. Other types of X-ray dichroisms, such as X-ray Natural Circular 
Dichroism, X-ray Magnetic Linear Dichroism or X-ray Magneto-Chiral Dichroism, have been so far less 
explored, despite their intrinsic high potential in measuring ground state momenta that can be 
connected to magnetic and / or optical activity properties. 
 
I will present some of the recent achievements made in the field of x-ray dichroisms and discuss 
remaining open ques%ons and prospects. Examples will cover crystals with x-ray op%cal ac%vity [2, 3] as 
well as remarkable magne%c materials, such as magne%te [4], single molecule magnets [5], 
nanopar%cles [6], magne%c liquids [7] and magnetotac%c organisms [8].  
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