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Magnetic imaging
via Sparse phase retrieval algorithm
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Motivation: Observing n metric spin structure

Skyrmion crystal (SkX) Observation of skyrmion crystal

SANS Lorentz TEM

o

W. Miinzer et al, PRB (2010) Yu, X. Z. et al. Nature 465, 901 (2010)

Development of a novel measurement technique in synchrotron facility

Photon Factory Small-angle resonant soft x-ray scattering

Small-angle x-ray scattering

Small-angle resonant soft x-ray scattering (SAXS)

FeGe , 707 eV

Sample haider 260K, 0T
manipllation.
{w-rotation)

Heln:holtz coil

Direct beam
catcher -

FD detector

Helical
rmantpulation™.

FeGe , 707 eV
260K, 0.1T

® B [-110]

FIB fabrication

Thickness ~ 100-200 nm Y. Yamasaki et al, Phys. Rev. B 92, 220421(R) (2015)

Observation of skyrmion crystal in FeGe 5/23

Real-time observation of transformation between helical and skyrmion crystal

High g-resolution
High spin sensitivity

(g) Increasing magnetic field
Expanding

Counter-clockwise
otation

(h) Decreasing magnetic field

Magnetic Field
017 KX.

Abrupt shrinking Clockwise Rotation

U
Helical

Y. Yamasaki et al., Phys. Rev. B 92, 220421(R) (2015)

Electric control of skyrmion in multiferroic Cu,0SeO; 6 /23

Micro-sample fabrication with electrodes Electric field control of skyrmion

Skyrmion Phase separation
pin
hole

Diffraction images under applied electric field

Skyrmion Helical

Skyrmion Helical

§933°

AN R

T8 Ee

$.3-3.3

AR

FEEST

\
+ ¢

A 4

Electric field

Y. Okamura, Y. Yamasaki et al., Phys. Rev. B 95, 184411 (2017)




Diffraction: Tensile strain effect on Cu,0Se0; 7723

(a) Helical state
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Y. Okamura, Y. Yamasaki et al., submitted (2017)

Imaging from Diffraction: Phase problem

Scattering Diffraction ;o |F|?
Incident light

(coherent soft x-ray) Skyrmion

Real space Fourier transform Reciprocal space
Magnetic moment FIM@)] Magnetic structure factor

M(r)

F(q) = |F|o¥

Inverse Fourier transform
FHF(@)]

In the diffraction experiment, only the intensity information of

2
o
the Fourier transform is observable. iedIE}

Phase information for magnetic structure factor is lost — Phase problem

Importance of phase information

923

maging: Holography & Phase Retrieval Algorithm

Holography Phase retrieval algorithm
Coherent

sample Diffraction

Interference

Reference hole scattering

Iterative Fourier transform
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domain | ‘ ]
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S. Eisebitt et al. Nature (2004) J. Miao et al,, Nature 400, 342 (1999).

Imaging: Holography with extended reference

11/23

Element-specific soft X-ray holography for CogZngMn,

Fabricated by Victor-san

(S

Coaenl
Koxbeam

el Hulogram

Aperture size: @=700 nm
Slit size: w=0.04 um, /=1 pm

V. Ukleey, Y. Y. et al., in preparation

Element-specific soft X-ray imaging by holography with extended reference (CogZngMn,) 12 /23

Scattering intensity
I=\fe +ifm 12 = 1fel? + |finl® + 20xfefin

Polarization parameter
=

+1
0

Left- & Right- circular

Charge Magnetic Interference term linear

Off-resonant On-resonant On-resonant RCP-LCP
(Charge scattering) Right-handed CP Left-handed CP (Interference)
I=1fel? + |fnl? I=1fo* + Ifml? =4i
=2 cl” m cl’ m I =4iffm
1 F2fef ~2if f

E=785 eV R}

¥
Saturated pixels

*Exposure time 6 sec, 200 exposures.
Total acquisition time: 22 min including read-out time
for each polarization and energy point.

v
Diffraction from the aperture
Diffraction from the slit

V. Ukleev, Y. Y. et al., in preparation




xtended reference (Ct

Al = 2ifofm

l IFFT

Similar magnetic textures exhibited by Co and Mn
ions were observed

V. UKleev, Y. Y. et al., in preparation

maging: Phase Retrieval Algorithm 14 /53

Algorithm: Iterative Fourier transformation

Magnetic structure  my.4(r) - Magnetic form factor

‘ Fy(Q) = |Fy(Q)lexp(iay)

Fy(Q)=

Flmy ()] ‘

F'n(Q) = [Fops(Q)lexp(iay)

IFFT

My =
FHF N Q)]

Oversampling condition
My () =my'(r) r€S
mys (M) =07r¢s
TS BaD
Tobs (@) = [Fops (@]

Imaging: Mask shape dependence of algorism solutions 15,

Simulation .
Model HIO Clrculgr mask

Ise solution

& Low-symmetric mask

Bear-type mask

Iteration number : 100 The low symmetric mask leads to a unique solution

Imaging: Phase retrieval algorithm for FeGe

Coherent soft x-ray scattering from FeGe
Helical Collinear

Real space imaging obtained by phase retrieval algorithm (HIO algorithm)

Helical

K B2 50mT

Spatial resolution ~ 30 nm

V. UKleev, Y. Y. et al., in preparation

Imaging: Phase retrieval algorithm for Cog

Coherent soft x-ray scattering from Co-Zn-Mn alloy

B=0mT

Tyt

(b) Amorphous © g oo (d) Helical

Real space imaging obtained by phase retrieval algorithm (HIO algorithm)

Co-L absorption edge Mn-L absorption edge

(b) T=25 K E=640.5 cV

Succeed in obtaining real space imaging even for inhomogeneous skyrmion crystal.

V. UKleev, Y. Y. et al., in preparation
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