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Observation of spin polarization at ligand oxygen site in multiferroics
by resonant soft x-ray scattering
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Figure 1 Schematic view of (a) SC and ES model, and (b) ion and
electronic local displacements.
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Figure 4 (a) Thermal evolution of the electric polarization under
external magnetic field in Tb,;Gd,;Mn,O;. (b) Energy
spectrum of RXS around O K edge. (¢) Magnetic field
dependence of RXS intensity at £ = 530 eV and the electric
polarization[2].
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Development of X-ray dark-field computed tomography
for three-dimensional visualization of human nipple

Naoki SUNAGUCHI', Daisuke SHIMAO?, Shu ICHIHARA®, Rieko NISHIMURA®, Akari IWAKOSHT’,
Tetsuya YUASA®, Masami ANDO’

"Nagoya University, *Hokkaido University of Science, *Nagoya Medical Center, *Yamagata University,
*Comprehensive Research Organization for Science and Society

Abstract

2016 £ FE T 4 M KEK-PF D BL-14B 35 X U BL-14C T T E 72 XERBEHET Y EREH VS Ta> 5 A b
CT (XDFI-CT) DBFHFIC KD, b FFLEEANAE D 3 RchE O R i b3 X Gl M i GE & a7z, EE
Nz XDFI-CT ZHWT, FLEMHREZ 60 fEfHRs U, FLEHNAER, FLESCHICBI 28O, FLENALED 3 X
TUZEMRLE 7R E 2 & L C & fz. ARTIE, XDFI-CT DR X U XDFI-CT Z W e b - LB A2 o B e
51D MBEHNT B, X DICESEDOWIZE TR S5/ T 28 LWRRICDOWTHINT %,

1. FL&IC 2 60 SEBIHRGE U, FLEEANTLEER, FLBLmICB T 5
WA, TS T ORI, infoIkIcTtE S ABOAW, AFENALED 3 JorMidE R EZREL T
WAV Z RS B 728, FLEA, Fim, RSz T, E 1z, ARTIE, XDFI-CT D& F X U XDFI-CT %
LR A% 2 U BR 9 % FLEHTRAZ FLIR 2516 (NSM: nipple- W & N FLEEHRR A S EIC Y 9% 72 OHLO A%
sparing mastectomy) NZ {fTbN 2 X HICE> 71, 2] FNTLTtg, i ORRTH S 51EFOFLBHIRED, 515
CTONEE, AEHETHTHRRIEOAEZHET ST TR B S 23 LW RIS DWW TR %,
DICE AR EEZEND, 1272 LRLEIITIENEET 5
&, NSMRICHENHHET DV AT kb, Tz, F 2. XDFI-CTRIF AT Ls
FTHEDIRN T EZ IS AN B BN D 5, L L, & Fig. 1 (ZslEHREICHIH & N7z XDFI-CT (%> X 7 L
DERZ TN B LA, HLENILED 3 ToekiEicBd % OREXTH %, AS XFUTIZEABRE D 7= b D FiE 2 5
WIElEDia FZ K< Ao Ty, FlZIE, AEEAN DR THASNIBEDEX M E— LM E NS, AS)
O EHE R L OWE DA 3 JOTZEMNIC BT % HER XH#RE — L3 % 9 IER 5 Bragg-case Si HiffimE /71
B2 E B ORRE TN TVE D [3-5], FKLDOWZET JA—=% (MC) THHFTL, k1 XX &R WHEF
BIAANZEDIFFICRENT END > TV 5B, EIEE, ZIEIRT %, E— LIEaR 25 d 25, RN ORER
A L —7 Y DOIREEE TH S Tibor Tot IC K> TIERM  HrROEE 1 - 5 DIEICHES THITL, TORFICHRES
MEFLER (DCIS) MEAMIC | DOAMERRIPERT N7 Lave-case Si HAG T T 4% — (LAA) 1T AS
BB LWV (sick lobe BlFi) MFER I N[6], HFLIR
HEOHEN -FICEFT2AHNZ AL LT 52 &

» -3 == N - - USSR otr Analyzer
RIS L EEND B, TTT, KEEMFCOVTE  Sneioton Symmetic  Forward-
BEGR T B LTI LV, X-ray beam Laue-case difﬁacti011
. . 3 - Sample S1 crystal image
B DS N—T T, COWROE &, IS T = B
D 3 SOTHEERIIBNC AL T 2 C &, BRI ik o e N~
% T L2 HINC, 2012~ 2016 I T3 )L F—IIisds M°11°ﬁ.111'°mﬂti° - \ﬁ
collimator
Witk 7 + f > 77 % h 1) — (KEK-PF) BL-14B 15 X %S_mmeu.ic Diffaction
U BL-14C C, XMWHRITEERZACSETa> RS X S‘fgf’y'stﬂ;f image
I CT (XDFI-CT: X-ray dark field computed tomography) [8,
9] DFARZE D TET=, Fiz, 2016 H~ 2018 HITHIHMA Figure 1  Schematic image of XDFI-CT measurement system.
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Figure 2 Rocking curves obtained in the forward-diffraction and
diffraction directions behind Laue-case Si crystal.
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T 0B XOICRET B L, E—LId LAAKS
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K FTIELAA DESIKFL, HOMEEETIC X > T
K, BUNEKELET D, XEBHITEE, 7oV A
I 3503 B BT [T X ARAE S DS BRER 1S MM 12 73 B 26,
Tixbb, BHREEMFERMTZ TR 2D LAA ZFHT
% [7]e WEHBZEME 20 En T, XV 7IVIRE)
IR G U CEENRZ BT R0, XAROJRHTA &
LAA I K D XFRDRIPTHREICATE N, %5 D XHH A
STHEEND, Y2 I K B XEROWIN A T & 7%
WSS, RIS E AR R LBUER R X 0 Ji a7z
HEE T 2D [9], AKTHIN T 2 FLIEURHE IREZ IR K R
T ENTED, WINTY T2 MMIZIFERE hew
DRI EHHEDO A OFRE X v b5 CT Z KL TV
%o KR T, MO TIHEZI D EEET 5 XK 5 7%
BEZHVTWS,

.

@)
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Figure 3 Comparison of nipple CT images between 2012 and 2016.

3. k MILEEHEEO S DIRIGEHFDIRET

b b ALUEHAEE 2012 4F 4 H D KEK-PF BL-14C D E—/\
2 A LN THID Tilsg SN Tze 2D HIGD X R HER
RIELEMZRE, BEYEHIGSEENEE > T a7
T N LTI EL, VERZRET 2DEES Tl
EMMoTze Fig. 3(a) 13F DY X N7 FLEHD XDFI-CT
BTH 5, MBS Table 1 OEVNITRT, EE 170 pm
DI LAA 7 O T30 R T 2R R 9 R AE L 2012 EDLRT &
DEmEL, ABHNOAEZITNTHIHT 22 &N TE R,
—J}C, CTZEN T 2DICE LR, migifiE%
AT =V BHEOMERI L ZD TR Z IHTH D, £
BOTER 2 N T RN TH > Tz FERINC, TD 1

Table 1 Differences of imaging conditions in nipple specimen before and after the improvement of the imaging system

Beam line PF BL-14C PF BL-14B
Imaging date 4/2012 11/2016
Double-crystal pre-monochromator  Si (220) Si(111)
Pre-monohromator
X-ray energy 35 keV 19.8 keV
Asymmetric Bragg-case Si (440) 0=10.2deg Si (111) a=5.4deg
Monochromator-collimator 6=10.6deg 05=5.73deg
Symmetric Laue-case Si (440) 170um thickness Si (111) 352um thickness
Analyzer 03=10.6deg 05=5.73deg
X-ray camera Photonics Science Same as left
X-ray FDI VHR 16M
Pixel size 7.4um
Binning 1x1 2x2
Exposure time @ 1 projection 70 sec 4 sec
Projection number 360 600
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fENTS 20 EAD 5, [RENTZE—LZA LOHFTHED
JEBE 2 AT BT, 1 RER] 1 IR I kA T 2 B
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(47 2 R U728 LUOYEEROBFE, X )LF—7%
T3 eicksay bo A Mk, AN TR Al
TRMEITR, WD S A X T F TOMEEREEC X 52EM
SfEEEN |, © =2 U K ARG, PO E0Em -
PR 7 LTV ALOWRE [10] 1 X B EE M Ex2fro iz
(Table 1 £7%1]), 2016 4F 11 H D KEK-PF BL-14B TH#i
N7z[FEELD CT 13 Fig. 3(b) D X S Il A M L TW3,
iz, KHITRLUEAITO@EDETH 5 AENALE B H
BRI TE TS, &5IC, KO PF Ol E— R
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RIS E NI AIAE SUIERITH D, 38 )%~
80 1% D HARNLL M CTHLE & 2 E naefiii S iz sE b
S5HRLENTVD, FalkHE 10% ORIV < ) ViR TR
EENTA,, T2/ —VICRENTREINTED, K%
5~6 BEREIRTIC, AbRHNEBOT R /) — )V RET % Il
K7 ANTERACHE S NIz, G IEERENE R RS
ICEEE N, ETROKMERERN TREIRE DM TD N,
AW, HlREAKEB X UCHHREERE 2 —0%
PR A THREEZIT T3,

Fig. 41, "X hF2 VUV T4 (HE) THREIN
TR Y OB SIS & 55T % XDFI-CT D AT A A%
RY, MY THERE T & % AE (Lactiferous duct) i CT
R T FFRICHBRICHIIE SN TV 5, £z, MBI
& CTHOBAE OZEMAEIXIEIE KL, CTEZHWT
SEHEGO X S L NIVOBENTE ST LB RT,
CT B AT Y FENAERL, SUEFIOEFT 1428 K,
VIEBIH 720 DT 28 R TH o Too FEHER 22X 9.14 A
TH-oT 11, AR TIIFHZANT 20, FLENAED
3MTTHLEIF KR EL 3 DDZA SICHHETEB T ENVoh
> 7z [11],

FLENAEICBIT 2 3 TochilB ORISR zi#Ed 5 &, FLIH
WTETT 2EBOABENEIRT 2T D ZERER I N
Too REC, FLEHDIRAANL TIESABICHABE O BRI FEL
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______ Contentsin the duct

________ Extended duct wall

Smooth muscle bundle

Figure 4 Histological section with HE staining and XDFI-CT image at
the corresponding position of the section.

Figure 5 Three ducts with DCIS shown in arrows, merge at the tip of
the nipple.
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