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1. Introduction 

The microscopic characterisation of magnetic materials, for example permanent magnets and 
magnetic recording media, is important because the magnetisation reversal process is usually 
dominated by the sample inhomogeneity through domain wall pinning sites and nucleation sites of 
reversed domains. In this aspect, a scanning soft X-ray magnetic circular dichroism (XMCD) 
spectromicroscope is a powerful tool due to its ability to measure magnetic images and map the 
XMCD spectra from the same area under high magnetic fields. This ability is a unique feature of 
XMCD spectromicroscopy compared with other magnetic imaging techniques. In addition, scanning 
XMCD spectromicroscopes operating with the total electron yield (TEY) detection method only 
requires the sample to be electrically conducting, and does not require complicated sample 
preparation techniques such as polishing or the fabrication of transmittable thin films, which often 
affects the magnetisation reversal behaviour. However, there are some bottlenecks to this technique. 
One is the long measurement time, especially for 2-dimensional spectra, and another is the 3-
dimensional displacement of the X-ray focal point as a function of the incident X-ray energy and 
applied magnetic field. Added to these problems, the sheer volume of data generated in spectra 
mapping requires an automated analysis process. In this study, these problems were overcome with a 
kicker-synchronised measurement to reduce the measurement time and an automated post-
measurement analysis process. As a result, 2-dimensional XMCD spectra measurements were 
achieved. Post-measurement, the sum rules [1-2] were applied to the spectrum-images, as was 
spectral decomposition by principle component analysis. 
 
2. Experiment 

The scanning XMCD spectromicroscope measurement was conducted at BL25SU, SPring-8. 
The X-ray absorption signal was recorded by the TEY method. The focused X-ray beam was 
generated by a Fresnel zone plate (FZP) and an order sorting aperture. The position of the focal point 
of this FZP varies by about 10 μm/eV along the X-ray incidence direction. The full-width-half-
maximum of the focused X-ray beam was about 150 nm in diameter. The XMCD spectra were 
mapped by measuring the XMCD images at each incident energy. The images for each energy were 
measured with the X-ray position scanning synchronised to 1 Hz photon helicity switching by the 
kicker magnets in the twin helical undulators [3]. In this synchronisation, the forwards and backwards 
line scans correspond to photons with negative and positive helicity, h- and h+, respectively.  

The measured spectrum-images were analysed semi-automatically. The displacements of the 
images relative to one another for each X-ray energy and helicity were corrected by cross-correlation. 
However, cross-correlation of the XMCD spectrum-images alone is insufficient because the X-ray 
absorption and XMCD contrast is element-selective and varies with incident X-ray energy and 
helicity. Due to this, the cross-correlation of the images was performed after an outline extraction by 
application of a Sobel filter. This correction was firstly conducted for the displacement between the 



h- and h+ images for each energy. Then, the displacements between each constant energy image were 
corrected by applying this method to the X-ray absorption images, given by the sum of the opposite 
helicity images at fixed energy. 

 
3. Result 

Initially, The XMCD spectra mapping was conducted for the fractured surface of a Nd-Fe-B 
sintered magnet in its thermally-demagnetised state. Fig. 1 shows the displacement of the h- spectrum-
images as a function of energy around the Fe-L2,3 absorption edges in zero applied magnetic field. 
The displacement exhibits a non-monotonic change which is caused by the non-linearity of the focus 
axis movement. This means that predetermination of the movement by measurement and interpolation 
between the images at the first and last energy points is not possible. To check the correction, the h- 
images were averaged over energies around the Fe-L2 edge before and after the correction of positions, 
as shown in Fig. 2. In contrast to the blurry distorted energy-averaged image from before the 
correction (Fig. 2(a)), the corrected energy-averaged image (Fig.2(b)) is defined sharply enough for 
the next step in the analysis, i.e. application of the sum rules and the spectral decomposition. The 
details and results of these analyses will be presented in this talk. 
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Fig.1 Displacement of the images as a 
function of the photon energy. 

 
Fig.2 Images averaged around Fe-L2 edge (719-
729 eV) (a) before and (b) after the correction of the 
sample displacement. 
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