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SOMETHING SPECIAL

e crystal based refraction contrast using a Laue angle
analyzer LAA

e vertical polarization that makes setting up x-ray
optics so easy and comfortable



Flow of talk

e (1) what we have been developing ~

X-ray dar
(2) what app

c-field imaging (XDFI) optics

ications are ongoing

e (3) to which direction we want to go
(3-1) clinical
(3-2) pathological



XDFI condition

l.o(W,H) = (Ww? + cos?tH(1 + w?)2/A))/(1 + w?) (1)

I,(w,H) =(w?+sin?tH(1 + w?)2/A))/(1 + w?)) (2)
available from X-ray dynamical diffraction theory

w: angular parameter H: thickness of LAA
A =Acos®;/|P| |yl : Pendellosung fringe period

Oy=Bragg angle P:polarization y; = (A’r,nV)F; :
susceptibility r, :classical electron diameter V:unit
cell volume F:crystal structure factor



® I =cos’(nH/A)|,,=0

® H=(p+1/2)A : thickness of LAA
p: integer
@® A : Pendellosung period ~100um



*  Ip(0,H)],,-0 = cOS’TH/A (4)
 1,(0,H)],_ =sin*TtH/A (5)

° IFD(O;H) |w=0 + |D(0,H )|w=o =1 (6)
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refraction
angle: a
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15 keV, 35 keV x—-ray
n=1-6

energy(keV) |Ca

15 1.4x1079°
39 2.6x1070




2-DIMENSIONAL MED IMAGES
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rheumatoid
arthritis in rat

2 wks later
after adjuvant

Injection at
rat right foot

articular
cartilage




3-DIMENSIONAL MED IMAGES



rat foot 2 wks after adjuvant injected

3-D abs XDFI mod XDFI

Sunaguchi et al. PLOS ONE (2015) 0135654
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STILL CHALLENGING TOWARDS

1) FOV SUITABLE FOR CLINICAL TRIAL
~26 CM X 26CM

2) DIFFICULT TISSUE SUCH AS BRAIN TUMOUR WITH
SKULL

3) HIGHER SPATIAL RESOLUTION IN 2D AND CT
IMAGE ~ 2-3 MICRON

4) CLINICAL DIRECTION AND PATHOLOGICAL
DIRECTION
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spatial resolution measured by using MTF chart

MTF chart || ;A RC-02B
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Requirement for x-ray
optics in medical imaging

Spatial Detector
resolution in 2D |pixel
number
Clinical 25c¢cm x 25¢cm > 25um < 100um 100,000,000
10cm x 10cm >
10,000,000
Pathological 2.5cm(H) x lum < 2~3um < 625,000,000
2.5cm(V) 7.4um 100,000,000
(Photonics 34,000,000

Science)



Thank you very much for the kind
attention !

Looking very much forward to more
collaboration



rat brain model with skull removed: DEI-CT view
delineates, edema ( ), viable tumor ( ),
necrosis (blue) and MVP (red) were visualized.

S.-J. Seo, N. Sunaguchi, M. Ando, K.-H. Choi, H. Kim, W.-S.
Chang, K.-H. Kim, J.-K. Kim, PMB 57 (2012) 1251-1262.
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* Experimental system and
rocking curve for the Laue-
case angle analyser. (A)
Experimental system. MC.:
Bragg-type monochromator-
collimator; LAA: Laue-case
angle analyser. (B) Rocking
curve for the 150-pym-thick
LAA used in this study; the
arrows show the
displacement of operating
points on the dark and bright
field images due to tissue
absorption. (C) Projection
Images of an eye specimen
showing the posterior globe
and optic nerve insertion: (i)
photographic image, (i)
diffraction or bright field
Image, (iii and iv) forward
diffraction or dark field
|mages obtalned at two

1" Y J



sAnterior and posterior
chambers of an eyeball
imaged with XDFI. (A)
Tomographic slices
(sagittal plane) of the
differential phase map of
an anterior chamber ((i)-
(iv)). (B) Refractive index
images in the coronal (i)
and sagittal (i) planes, a
matched absorption
image from conventional
MDCT (i), and a
histological H&E slide
showing this specimen
(iv); the difference in the
imaging and histological
appearance are due to
tissue retraction during
histological processing
and sample preparation.
(C) Globe and optic nerve
insertion of the same
specimen. a: lens; b: iris
muscle; c: ciliary body; d.
pupil; e. cornea; f. optic
nerve sheath; g. sclera; h.
central retinal artery: |.
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towards micrometer spatial
resolution
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Thank you for listening



measurement of spatial resolution
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vertical polarization at BL14 by 5T
horizontal magnetic field at
Photon Factory
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“It's not French wine
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towards micrometer spatial
resolution
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e Special thanks to Professor Vazina
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