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/ Imaging \
Mapping signal in space

4

Mapping structure and
/or property

Understanding function

/Interaction of X-rays with\

matter
Fluorescent X-rays
Elastic scattering
(Thomson scattering)
g —>Transm|SS|on X-rays
X-rays
Energy, \ _
polarization |ne|a$t|.C
scattering
(Compton scattering)

. /

Photoelectron

N

Detector

Focusing optics
mirror

/ Ways for mapping

Sample

oY

Sample

Array
detector

Fresnel zone plate
\ refractive lens / 8
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3D imaging (tomography)

X-ray computed tomography (CT) is a computerized method of
calculating the cross-sectional area inside a sample by
irradiating the sample with X-rays from various directions and
capturing all the transmitted images.

X-ray CT has been widely used mainly in the medical field since
it was developed by Hounsfield et al. in 1972. It is also used for
non-destructive testing of products.

Godfrey Hounsfield & Allan Cormack
Nobel Prize in Physiology or Medicine 1979

X-ray source 3D structre

Capacitor

Image detector

https://en.wikipedia.org/wiki/Godfrey_Hounsfield
https://www.nobelprize.org/prizes/medicine/1979/cormack/facts/ 10



X%id)1—L$Ed)*IJJ L/T’I_Ju_.wx’r _9/7\\
— XAV SARM A=Y —

X5 —>] F M(e)jia?g%m

)
®
= «—— $RigDHsE wp LAY =L o B E
L , 107 —
\ " D RIS
i o 10 / | ——
£ ——~——— )
g 10°T=—=" 0.7A
| g 1072 —__ et 0.5A
£ o Lo A — 0.3A
g IO_:_ — ////\/'l:: "&ﬂll:*ﬁ”ﬁi
////1/
107 '
0 10 20 30 40 50
MRIZEDIEHT (LB TH) RFES
v BREFEL=1-6+iB

URE DEHEE)
~106 ~10°9 11



XAV SRR A= T %
#& & T 55t (Crystal Interferometry)

_~
41
s
o
g

i\
\ v I

§ X#5 [‘J

M R

H#gERIL—F
(IN—T2F5—)

LV LY

\\\\\‘\\‘

GREN—RIE

G ATEEST
(Propagation-Based Imaging (PBI)) (Grating interferometry)
P s
)
i
‘= r o Xﬁ .
i T Edge-contrast (R ETHR or BREH) ,
(FEK or BREK) Image ETHEF A 12




GIEN—RIE
(Propagation-Based Imaging (PBI))

Sk
T RS
. £ A
N
.
l/
! [ L
NG j i Edge-
(ETE K or BRER) contrast

Image
BEHOEMTRESEEMNAA—DUT
B — ) [EEt Tigez—pseudo-homogeneousif Ll CEEMA A—D Y



X-ray free-space propagation (inline phase contrast)

From near field to far field
Red: absorbers

Simulated images along optical axis Sample o e% . Blue: phase shifters
( X J
% - i
Detector

Contact: 1000 mm

only Near field:
absorption e edges enhanced, D
i< visible e more and more with D Towards far field:

* phase objects visible, Image loses resemblance

e resolution degrades with real-space object

14
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Transmittance (absorption)

image

Bl F T BETCES
< ILTFE— a)wx—“‘ g

————————————————————————————

-X‘f?lﬁl?ﬁ*ﬁ%? BEHIZKY
-HX RE7FER B (RS SERZFA) | '

Visibility-contrast image
(*Dark-field image,
SAXS-contrast image)

Sample: cherry

Exposure time:1 ms X 5 steps
(diaphragm: minimum)
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History of “visibility-contrast imaging”

Yashiro-

Lynch model

& F. Pfeiffer et al. (2008), Nature Materials

Citati?" » Observation of reduction in visibility of moiré fringes
number: 364 - : : :
(GS) » Visibility-contrast (dark field) image can be obtained

€ \W. Yashiro et al. (2010), Optics Express

Vil e oo | » Theoretical and Experimental evidences proving that

image unresolvable random microstructures (typical size:

sub pm~several pm) reduce the visibility

» The reduced visibility can be described by
autocorrelation function of X-ray wavefront
—corresponding to Fourier transform of angular

distribution of SAXS intensity

Quantitative structure analysis at each pixel can be realized!




Visibility A S AMNVIV )R D EAH
— CROLRERIY

X-rays
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W. Yashiro et al., Phys. Rev. B 84 (2011) 094196.




SAXS tomography

_____________________________________________

' Because ¢? is proportional to the thickness |

i T of the sample, —In(V/V,) is also i » Tomography is possible.

proportional to T.

O: at point A
X at point B |
10004 ‘L---mmmmmmmm - .

1200

Melamine
//sponge

o)) o0
- o
- (-
| ]

Reconstructed value (arb. unit)

>Both CR (Chloroprene rubber) &
melamine sponge were isotropic.
Average size and shape of microstructure

at each voxel can be visualized.
W. Yashiro et al., AIP Conf. Proc. 1466, 211 (2012).21
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S. M. Walker et al., PLOS BIOLOGY
(2014).
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HJ3)#4D-CT
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Bl Y

V. Voegelietal,,
§-ptica (2020)

BFRE 53 fi#RE: 0.5 ms

TRHERICT ST
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Spatia
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B4 3 L5 SRAR R D BHE

F. Garcia-Moreno et al.,

Nature Communications B4 REE: 10 ms
2011 (2019)

0.5 mm

I ) L | ITIITI
0.0001 0.001

sample rotation

L] |rr|1'|'|' L | |r||||'| LI |||r|r| LI rr||1||

0.01 0.1 1

Temporal resolution [sec]

#: with sample rotation (m: using compressed sensing)
Blue: our group’sresults
Red: other groups (line: a tradeoff between spatial & temporal resolutions)

10

T T TTIm)

100



ERADBET FCTIZKATEIRIRDADYIIE |
(Ev) T—32#24T7)

B4 3 L5 RAEIR D B L EEEM A OEERIROBRER
10 mskfiE] 72 fEBE 10 msHsfE 73 AR gE

Void Resin
0.5 mm (cell) Filer F

R. Mashita et al., J. Synchrotron Rad. 28 (2021) 322-326.
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E;‘ﬂ%%%"? (Zeff) CT
17.8 keV
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Yoneyama et al, (2017)
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X-ray Absorption Fine Structure (XAFS)
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X-ray Absorption Fine Structure (XAFS)
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Summary

e X-ray tomography with sample rotation
— With Millisecond-order temporal resolution (FS:4.43 ms, 21 um; 10 ms, 4.5 um)

— With compressed sensing (FT:2.00 ms, 21 um)

 X-ray tomography without sample rotation (JST CREST(2017.10~))

— With Multi-beam Imaging Optics
* Projection angles: =70°
* Exposure time:1ms
» Effective pixel size:20 um
— With compressed sensing
* Sparse-view interior CT
—46 projs.+ 2 full-field projs.
* Non-local TV
—>5~40 projections

1 ms 3D tom'ography
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Dynamic X-ray Elastography (AMED 4t imsT:8l)
— Displacement & shear modulus maps —

___________________________
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. Incompressible Algebraic Inversion of the Differential Equation |
' (AIDE) |
' (for V - u =0): |
\ u: shear modulus |
:p density
+ 1: wavelength of shear waves
u: displacement
w: angular frequency
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Dynamic X-ray Elastography (AMED St im &1 :8])
— High-resolution complex shear modulus mapping —
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Comparison with MRE
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Storage modulus [kPa]
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Roentgenology 205:1 (2015) 22-32.
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