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Optimized x-ray measurement and analysis
with machine learning
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X-ray spectromicroscopy
B
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X-ray microscopy

/ Automated
Optimization analysis
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x 5 faster x 1000 faster

T. Ueno, K. Ono et al.,

Y. Suzuki, K. Ono et al.,
npj Comp. Mat. 4, 4 (2018).

npj Comp. Mat. 5, 39 (2019).

Small angle scattering
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Optimization Automated
, analysis
Particle size
Magnetic structure
x10 x 100k
K. §aito, K. Ono et al., K. Ono et al.,
Sci. Rep (2019) SAS2018 (2018).

X-ray diffraction
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Crystal structure

x 100k

Y. Suzuki, K. Ono et al.,
Microsc. Microanal.

24, 144-145 (2018).
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Small-angle neutron scattering (SANS)
2D data collected by 2D detector
Scattering patterns are nonlinear
High dynamic range

SANS pattern
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Counts per unit measurement time for a given pixel (or a bin) are always comparable
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spabal correlation
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smoothing (local average)
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If counts at a pixel (or a bin) is large/small, same for neighborig pixels (bins).
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The simplest and the most used strategy to get nice data.
e Longer you measure, nicer the result looks.

e Time-consuming if a sample is a weak scatterer.
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sample: silica particle, r=60nm, 36 vol.%,
instrument: SANS-I@SINQ_(PSI) , A=0.6 nm, detector distance 18 m

100 short scans (total counts for 100 scans = 300k, a typical rule of thumb)
KDE : Gaussian kernel (o = 1 pixel < resolution)

ST raw xd
i ~3kents
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Euclidean distance KL divergence
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B Smoothing makes SANS data better in terms of both metrics.
B “How better?” is a difficult question if a metric needs “an answer”,
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B » scans with smoothing ~ 10n scans without smoothing

B Smoothing can accelerate SAS measurement x10 faster to get data with
same variance
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STXM : Scanning Transmission X-ray Microscopy

B Fresnel zone plate (FZP) focuses x-rays and Order sorting aperture
(OSA) select first order diffraction.

B Scanning the sample position and detecting the intensity of transmitted
x-rays to obtain a microscopic image

B Spatial resolution : 10 ~ 100 nm

/ 1st Order

3rd Order
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Photon energy (eV)

B Evaluation of magnetic moments ... Good S/N spectra
B Enormous numbers of spectra (10,000 for 100 x 100 pixels)

B Large area with high spatial resolution

) 4

High-throughput measurement is necessary
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Adaptive design of an X-ray magnetic circular dichroism T. Ueno, K. Ono et al., npj Comput. Mater. 4, 4 (2018)

spectroscopy experiment with Gaussian process modelling

Tetsuro Ueno (', Hideitsu Hino® Ai Hashimoto?, Yasuo Takeichi?, Masahiro Sawada® and Kanta Ono>>®
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T. Ueno et al., npj Comput. Mater. (2018)
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Computational Materials

ARTICLE OPEN

Automated estimation of materials parameter from X-ray

absorption and electron energy-loss spectra with similarity

measures
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Relative Intensity

| | |
640 645 650 655

Intensity

de Groot, F. & Kotani, A. Core Level Spectroscopy of Solids.
(CRC Press, 2008).

635 645 655
Energy (eV)

de Groot, F. et.al., Phys. Rev. B 42, 5459-5468 (1990).
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* Euclid distance

Dp—norm (s, t) = <i (si—t) )1/"
 Cityblock distance *

Do 1(51 ti)
(ZI 1 1) (ZI 1t2)i

>ia(si —5)(ti—1)
o (s =)o (6 — 1)

 Cosine distance Deosine(s,) = 1 —

Pearson correlation coefficient Drearson(5,) = 1 —

Jensen-Shannon Divergence JSD(s,t)zlDKL(s,M)+lDKL(t M)

1
s@) M =—(s,1)
= u = KL 1
Dynamic Time Warping ()= 2s@loe ey 7

Earth Mover’s Distance
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Estimate the physical parameter (10Dq) from

experimentally obtained XAS spectrum of MnO
Y. Suzuki, KO et al., npj Comput. Mater. (2019)

Experiment .+ s |
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How similar?

—.-W‘\‘%”M/ W"‘\":'_.
| Reference (S|mulated)

00 | v

00 05 10 vt 20 25
10Dq (eV)

* From the similarity with Pearson metric
Estimated 10Dq = 0.9 eV

* |dentical to estimated value of professionals (0.9 eV)

We can estimate the physical parameter directly
from XAS/EELS spectra
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