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X-ray magnetic circular dichroism (XMCD) has the exceptional property of being able to 
discern between the contributions to the total magnetization of the different elements of a 
complex sample. This magnetic characterization tool is considered as the best suitable 
technique to probe the orbital and spin magnetism and to isolate those different contributions 
separately. XMCD is not only an element but also a shell-specific probe involving the
excitation of core-level electrons to unoccupied states of symmetry defined by dipole 
selection rules for optical transitions. For a magnetic material, XMCD is the difference 
between the absorption of left and right circularly polarized X-rays. This difference can be 
correlated to the magnetic moment of the atoms involved in the absorption process using
magneto-optical sum-rules under given assumptions regarding the magnetic dipole 
contribution. 

The interaction between polarized light and the charge and current distributions in 
materials have been known since the Faraday (1845), Kerr (1875) and Voigt (1902) effects 
were discovered. The extension of these techniques to the X-ray energy range was much 
more recent. De Bergevin and Brunel (1972) used a conventional X-ray source for the first X-
ray magnetic diffraction measurements [1]; Erskine and Stern (1975) predicted that a 
magneto-optical effect should occur in polarized XAS on the L2,3 edge of nickel [2]. Thole et 
al. (1985) predicted much larger effects on the line shape of the M4,5 absorption edges of a 
rare-earth ion whose ground state is split by an external magnetic field, the line shape 
depends on the relative orientation between the magnetization direction and the polarization 
vector of the X-rays [3]. The first X- ray dichroism experiment was performed by Van der 
Laan et al. [4] on terbium iron garnets by using linearly polarized light. Schütz et al. [5] 
performed the first experiments with circularly polarized X-rays were they found a small 
circular dichroism signal (~ 0.1% of the total signal) at the Fe K edge. Chen et al. (1990) 
have found much more significant effect (as large as 20%) while measuring XMCD at the L2,3

edges of Ni [6], Co, and Fe [7], due to the fact that transitions at these edges take place 
directly to the empty 3d states, which are strongly polarized. Meanwhile Thole et al. [8] and 
Carra et al. [9] established sum-rules that allow one to separately determine orbital and spin 
contributions of these states to the total magnetic moment carried by the absorbing atom by 
using the integrated intensities of the XMCD and of the total absorption spectra. XMCD 
experiments have been reported for a great number of uranium compounds [10] Np and Pu 
ferromagnetic Laves phases [11] and intermetallic Np compound [12].

Fig. 1: X-Ray absorption spectra 
μ+ (red line), μ− (black line) 
measured at 50 K and Hext = 7 T at 
the Np M4,5 absorption edges; 
The XMCD signal (Blue line) is 
given by μ+ - μ−, the inset shows 
the field dependence of the XMCD 
signal at the Np M4 edge.
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Mössbauer effect is yet another unique experimental technique that is elemental specific, 
however while the X-rays used in XMCD are interacting with the electrons of the probed 
samples, the Mössbauer effect is measured by recording the recoil free resonance 
absorption of gamma rays radiation by a specific nucleus within the probed sample.

Discovered by Rudolf Mossbauer (1929-2011) in 1958 (Nobel prize in 1961) the effect 
and the spectroscopy based on it became a unique and powerful tool not only in fundamental 
physics research but also in chemistry and even biology. The high resolution in energy of the 
Mössbauer spectroscopy can be derived from the lifetime uncertainty of the excited state of 
the source nuclei (about ~10-8eV). Such high resolution allows one to resolve the so called 
hyperfine energy-splitting of the nucleus caused by electronic and magnetic fields and gain 
insight on the electric monopole interactions (isomer/chemical shift), the electric quadrupole 
interaction (Stark splitting) and magnetic dipole interaction (hyperfine field Bhf). The 
measuring of these interactions gives an insight on the chemical environment, electrical and 
magnetic properties of the probed ion.

The Mössbauer effect has been observed in more than 40 elements, most popular 
among them are 57Fe and 119Sn. In actinides, the Mössbauer effect was observed and 
measured for all the light actinides (Th-Am). However, only 237Np is a suitable Mössbauer 
element for a systematic and feasible research [13]. The 60 keV electric dipole (E1) 
Mössbauer resonance of the 237Np nucleus is a unique microscopic tool among the actinides 
for gaining information on the electronic and magnetic properties of Np systems [14].

In this communication it will be shown how 
synchrotron radiation XMCD technique, developed 
in the last years exploit the high brilliance, tunable 
polarization and energy available to probe element 
and shell specific magnetization in magnetic 
samples along side with the basics of Mössbauer 
effect and principles of Mössbauer spectroscopy in 
actinides with focus on 237Np compounds and 
demonstrate how the two techniques could 
complement each other [12].

Fig. 2: 237Np Mössbauer spectrum measured at 4.2K
the spectrum is composed of two split sub-spectra 
indicating two slightly different Np crystallographic 
sites and the presence of magnetic hyperfine field.
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