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(A) RA-QD02-0063 (7 keV, X = 431 cmi ).
(B) RA-QD02-0014 (7 keV, X = 287 cm™).
(C) RA-QD02-0042 (7 keV, X = 575 cm ).
(D) RA-QD02-0048 (7 keV, X = 431 cm ).
Ol: olivine; LPx: low—Ca pyroxene; HPx:
high—Ca pyroxene; Pl: plagioclase; CP: Ca
phosphate; Tr: troilite;, Meso: mesostasis.
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Constructing a Multi-Scan Synchrotron X-ray
Microscope to Study the Function of Osteocyte
Canaliculi in Mouse Bone

Nobuhito Nango® , Shogo Kubota®, Wataru Yashiro’, Atsushi Momose”,
Yasunari Takada® and Koichi Matsuo®

#Ratoc System Engineering Co., Ltd, Toho Edogawabashi Bldg. 4F,
1-24-8 Sekiguchi, Bunkyo-ku, Tokyo 112-0014, Japan
® Institute of Multidisciplinary Research for Advanced Materials, Tohoku University,
Katahira 2-1-1, Aobaku-ku, Sendai 980-8577, Miyagi Japan
“Lab. of Cell and Tissue Biology, Keio University School of Medicine,

Abstract. Formulating a multi-scan method applied to an X-ray microscope CT with synchrotron
radiation, at the facility Super Photon ring 8 GeV(SPring-8), Hyogo, Japan, we attempted to analyze the
3D functional structure of osteocyte canaliculi inside the cortical bone of a mouse tibia. We employed a
two-method combination to scan the same position of the specimen. To extract the internal bone
canalicular structure, we first combined a Talbot interferometer with an X-ray microscope, and applied a
differential phase imaging method to measure the absolute value of bone mineral around the canaliculi.
Next, we used the X-ray microscope without the Talbot interferometer under a defocus condition,
moving the specimen toward the zone plate by 6 mm. This defocus contrast method visualizes the
canaliculi by emphasizing the edges of the bone. We performed CT scans by the two configurations and
precisely aligned resultant 3D images so that the same position in the specimen is compared. We could
extract the osteocyte canaliculi and evaluate the mineral density of their surroundings. The degree of
mineralization varied for each osteocyte lacuna and canaliculus. The multi-scan microscopic X-ray CT is
a powerful tool for analyzing bone mineralization.
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2) T Mitsui, etal.: J. Synchrotron Rad. 19 (2012) 145-158
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4) T Mitsui, et al.: Hyperfine Int. 204(1-3) (2012) 97.

5) R.Masuda, et al.: Hyperfine Int. 204(1-3) (2012) 139.
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(2) EXMZEEAIEICLS7AR) IL—RADAE VERFEDIRTE (BLOAB1)

BHEF AV EVRETUE LEFIFALT, RILF7UE VEEIZLY iR 53GPa, 600K ETOSHE T T, tLELVEFHE
BDTTAN)IL—X (MgFe) 0 DESUTEZBIELT=. 5HFD Fe D HS->LS REVEREMNBESIZEED E K
FHEOZEI &> THRESh ., ChikYT7zaR)IL—RHBDRE ERFEh R TER< 2 ML HT 30-40GPa Tz
BT EMHH T2, [2]

(3) BIETT® Brillouin HELRIFEIZ & AHHEK AR M UE D EMEREERIE (BL10XUM

FANEURTUE JVEE L Brillouin BRELBIEZE#A S48 T, MBEL VEEE AEH T TO TERR ML D T EHERIL
M(Mg RATZAAA~, TzARYIL—R) DIEREEEBIELT=. TDFHEREEFOHIER TR ML TOMERR
ELLBET 5Lk Y, TERUMNLTIE Mg ROTRAA MY 93%% 6D ERFELONT-, CNIETERYUMLA L
Y MILERTRT /MO MEREYE ., RS/ MR Z &> TREERBATE S I EERLTULVS, [3]

(4) BET CORMEERIEIZ K HHERTE Y ML TOEEDAEEA (BL10XU)

FAVEURTUE VEBLERRGTEE A EHE T, TR ML EESM) MgSIO, ROTX DA RERAMOTR S
A M DRFEMEESEESE T TRIEL = RATRAA CDEMEERDE MK RESN ., FIARAOTRAA
FOBMEERIIROTRANA rEYE I2%ENZEZBALM LTz, CORBRICEDE, ThETEBLERENEONT
LVEDST=TEBR U ML (RBI X AA R ER) DEMEEZRIHI 11W/ m/K EIRTESNT=, [4]

(5) BREET VAT S5T4—IZ&% Fe ZRMAD REEHDEIE (BLO4B1)

EREETTO X A A=) | BE# 554 EAL T Fe-Si, S, P REMAD REIENZ 15 GPa, 2173 K T THEMTAI
EL. RERNICHT HRES SV REETROMEE R =, TOFER. S, Si DIEIZHIARKD TR 1% KEH
DEEBENDH I 0Tz, COFERKY. FIEIRD T YA — v I B 1T 5HEEHHREICEOHS. TOER
(LIRS K Y 33%FEERDT HERBLON. #% YU ML LE AL K YRGER SN S EAVTRIBENT =, [6]

HH . FTRUIz/N\D—1—H 358, REEREICRET ARSI ARERDRR I —EETITEIESE TV =124,
SE L [1] Kawazoe et al. (2011) Am. Mineral. 96, 1665 [2] Yoshino et al. (2011) JGR 116, doi:10.1029,/2010JB007801 [3]
Murakami et al. (2012) Nature 485, 90 [4] Ohta et al. (2012) EPSL in press [5] Terasaki et al. (2012) PEPI 202-203, 1.
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D IETFHEER D EREL - [EHEERR T—3 3 TIREEE LT > TE TS, Ffz. 1 RITHKRHEFD MYTHEN ISR
EHFETREL TEROEATILND , COGIKR T TR SR HE MR HIZIE. PILATUS-MYTHEN 20D
FadEEL. BOEIN LD MEEE ERISBEROFIRBRRN K TH S, JASRI E—LSAHliElT IL—TTIE.
SPring-8 MHATH DS LR ILF—XHERGEIE (20~ 100keV) TOEKEL- EITEERD SN, BIZIL XAFS IED D
PDHADGEZ BIEL. CdTe T H—IZ&D1R5T- 2RTE /LR SSEIFRE 1T TS 2,

X$ZS etz —E5iAH L ASIC (Application Specific Integrated Circuit) Z—{AEL ., FESILIZHIILI-7 40O
5 FORIEARBRREEEHL-RESRE LML T, EV L7 LM BHEBHNOEIE wILRHSESES EVILE
HERDEIEMEEDSE ., HT3/020) CMOS AR TEYESIZEAHEL ASIC E7 LRI lEmN ISz
B —FEELINATVYREE )L, 2o —RURIRE 7 ) r—av| &bl T
[ZRAFETZ SRR $H D, PILATUS-MYTHEN HRHHZRTIEE | OEMERTHL Y —IZ)aV AL TEY.
T DEHERINEEL 20keV T 30%, 30keV T 10%FEE LIRS, BIFELA KD oN D, KFHFKTIEL CdTe Lo H—ZALVD
Z&T 50keV LU ETHIZIT 100%DEFENEFONDLIIBEILT . F2DHMEHRTHS ASIC ELTIE. PILATUS-
MYTHEN [ZIXERAEARRRIET V7. BREER 7 T . TRILX—TREOL /\L—4, o 2—EEI BEIN T
HY. CCD HENENEMRHETTUIELIERIREE G DT — D /1 X BIXIR VDT SOV RERETESIENKE
BRRTHD, AFFKTIEITRILF—LREHIRET DHae% BNl = ASIC #FHFFEL TR RILY—RID/ \vo T
SOURENYNTCEDLSITHERL., SR ESS—TEDRENTEDLSIZT B, £z, BI XAFS AIENGHT
%, EIDEMBRTHAHL ')A H—E ASIC DIEEHIRI TN\ N TENSHIN TSN, CdTe 22
—(ZAL&SET BESEFYNEL, 58NED CdTe EV/LIREERAR CIERSHEEL LTS, ARFKTIE
JAXADBERL =R Z YR\ TFEIGAL., Y —EASIC DL AT I EZDERES K HE LS EHETTRR
EVILEOTOEREFEH LTS, E TOFEIL, EVILYAX 200um, E94z)LEk 20 x50 ) SP8-02 B
BT, R 24 FEAIZERR 8mm X 40mm, E7)LE 40 X 200 O/NUSEEASUEL | REEIZTNEED 1—)LEL
= KEREERH S E TS B D FETH D, 1 RTE H—DREIFIZHFEN S, o —& ASIC FEHR
T4V T BHIENEREN, ARFETIEAA— R— P AXERLRIC KD PMEE o —FBRL. ChhE
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EEEEHEIL TULVAAY, RFEAIIZ(E CdTe 2 —E! MYTHEN [CEEHZ 2 FETH 5.

SEXR
1) H. Toyokawa, et al., Nuclear Instruments and Methods in Physics Research A 623, p.204-206, 2010.
2) T. Hirono, et al, Nuclear Instruments and Methods in Physics Research A 650, p.88-91, 2011.
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Materials Structure II Group Beamlines: Present Status, New Developments
and Research Highlights

A. Baron!2, H. Fukui!, D. Ishikawal, M. Itou!, K. Okadal, Y. Sakurail,
S. Tsutsuil, H. Uchiyama?, Y. Yoda!

L Japan Synchrotron Radiation Research Institute, 2 RIKEN SPring-8 Center

This group is operating three beamlines (BLOSW, BL0O9XU, BL35XU) for materials sciences using inelastic
X-ray scattering and nuclear resonance scattering. This poster presents the present status, new developments
and research highlights of the beamlines.

BLO8W: High Energy Inelastic Scattering

BLO8W is designed for high-energy inelastic X-ray scattering (Compton scattering) spectroscopy with linearly
or elliptically polarized X-rays in the energy range of 100 ~ 300 keV. Compton scattering is a unique probe of
the electronic ground-state of materials and provides direct information on orbitals and Fermi surfaces. With
the magnetic option, the probe measures the spin-polarized electron states and moments in ferro- or
ferrimagnetic materials. Recent research in BLOSW includes a variety of advanced functional materials such
as high-Tc superconductors?, magnetic multilayer, nano-particles, CMR materials, f-electrons?, fluid metals?
and water solutions?. BLO8W is also used for high-energy X-ray fluorescence analyses, high-energy X-ray
diffraction, and development of new instruments or techniques using high-energy X-rays.

BL09XU: Nuclear Resonant Scattering

A well-collimated and small beam of SR allow Méssbauer spectroscopy under extreme conditions and under
diffraction conditions. The nuclear resonant vibrational spectroscopy (NRVS) of the Mossbauer isotopes also
gives unique information of the dynamics especially for the biological macromolecules such as nitrogenase. A
new high-resolution monochromator (HRM) for 5Fe with 0.8 meV resolution was installed in 2010 and widely
used for NRVS to understand the biological reactions®. HRMs for the different kinds of isotopes had been
prepared by the CREST project ended in 2011. The phase transition of the Europium hydride under
high-pressure H2 was investigated using Eu HRM®.

BL35XU: High Resolution Inelastic X-Ray Scattering

BL35XU is devoted to the study of atomic dynamics on meV energy scales: phonons in crystalline materials
and phonon-like excitations in disordered materials and liquids.  X-Ray scattering offers several advantages
relative to neutron methods, however, it remain badly flux limited. Several notable improvements at BL35 in
recent years are: (1) the installation of a new insertion device tailored to operate in the fundamental from 15
to 25 keV. Based on the design considered for BL.43 the new ID increased the flux on the sample by factors of
2 to 3, significantly improving all experiments. (2) AKB setup that reliably provides ~17 um diameter beams
sizes (in the FWHM). Other improvements include (3) the gradual availability of a low-temperature (~3.5 K)
refrigerator and (4) an area detector and associated software for sample lattice constant measurement and
alignment. These have led to significantly expanded experiments, in several directions, including, e.g.,
high-pressure DAC work.

References:
1Y. Sakurai et al, Science 332, 698 (2011), 2) A. Kouzimi et al, PRL 106, 136401 (2011),
3) J.T. Okada et al, PRL 108, 067402 (2012),  4) I. Juurinen et a/, PRL 107, 197401 (2011),
5) E. Tinberg et. al, JACS 132, 18168 (2010),  6) T. Matsuoka et. a/ PRL 107 025501(2011).
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Photoproduction of A(1405) and £°(1385) on the proton

at E,=1.5-3.0GeV at SPring-8/LEPS

Research Center for Nuclear Physics, Osaka University
Yohei Nakatsugawa

The A(1405) is assigned as a p-wave g3baryon in a quark model. However, it is also suggested that A(1405)
has a non-gs structure such as a meson-baryon molecular state. Some theoretical works using chiral
Lagrangian and coupled unitary model predict the line shape of A(1405) as mX° and K> N [1]. Its 2-pole
structure is also suggested [2]. On the other hand, X°(1385) is firmly established as a g3 state baryon. The
difference of the internal structure of A(1405) and £°(1385) may appear in the photoproduction cross
sections and/or photon beam asymmetries of these two hyperons. Recently, differential cross sections for

1 p — K+ A(1405) and 7y p — K*X%(1385) reactions were measured by LEPS collaboration [3]. However,
the statistics were limited. A new experiment was carried out at SPring-8/LLEPS with liquid hydrogen
target and linearly polarized photon beam. In order to detect decay products of hadrons, a Time Projection
Chamber ( TPC) surrounding the target was used together with the LEPS spectrometer.

The spectrum of hyperons are obtained from a missing mass of ¥p — K* X, but A(1405) and X°(1385) can
not be separated due to their intrinsic widths. In order to obtain the yields of A(1405) and X°(1385)
separately, we selected following two reactions and required some cut conditions :

(1 rp—K+2%(1385) - K* Am®—Ktpmm?
@ rp—K*A1405) K+ 2 nf» Krnmm .

The spectrum of £%(1385) was extracted from reaction (1) using following cut conditions: () K*was
detected in the forward spectrometer, (ii) a proton and a i were detected in the TPC, (i) a A(1116) was
identified using the invariant mass of p ri-. Because A(1405) is prohibited from decaying into A moby
isospin conservation, the yield of £%(1385) can be estimated by its decay branching ratios. The spectrum of
A(1405) was obtained from reaction (2) requiring following cut conditions: (iv) K*in the forward
spectrometer, (v) a " and a i were detected in the TPC, (vi) a neutron was identified using the missing
mass of ¥p — Ko~ X.. It is pointed out that because of a strong interference of the isospin 0 and 1
terms of the 2 scattering amplitudes, the line shape of A(1405) could be different in X1t and X+ decay
modes [1]. In or- der to separate both decay modes, a kinematic fit with two constraints, MM( K* mr* ) =
M(n) and MM(K* i*) = M(X*%), was applied. The isospin interference termis canceled by summing the
spectra of the X" and X modes. The summed spectrum was obtained after the correction for the decay
branch of ¥+ — p m°.

The cross sections of A(1405) and 2°(1385) and line shape of A(1405) will be reported. In the reference [3],
the production ratio of A(1405) to 2°(1385) decreases with increasing photon energy and that may suggest
the difference of the production mechanism of A(1405) to 2%(1385). The maximum photon energy of this
data set is higher than that of [3]. The new results in the higher photon energy range will be shown.

References
1.dJ. C. Nacher, E. Oset, H. Toki, and A, Ramos: Phys. Lett.B 455, 55(1999).
2.D. Jido, J. A. Oller, E. Oset, A. Ramos, and U.-G. Meissner: Nucl. Phys. A 755, 669(2005).
3. M. Niiyama et al.: Phys. Rev.C 78, 035202(2008).
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T O FZER T VE T DREEIRFEERETED, 75V RIEFT T 10 photons/s FEETH D
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EEEBE—LSMY BLOSB2 IFEEENEHEETS
EERE—LSAUTHD, BL2AXU &I, EEROKE
75E DRRZEHER L TRETHED FIFRZE IR TLVS,

BLO8B2 Tld. XAFS, X#REHT- bRT 574 INEXEREREL.
CT A A= EREREL, AI—FHRDDFIA=—XIZ
HUT, MEERRE RO TS, MEBIRIcs T aEmemE ‘
DRERIZHT BIETRD AL L —SEREERT 31, FEXBRTTI4

CT A A=y

AR X HRIEHT

A—F S DFIFIEROCRERIAA (&, BiE5%IT9 HEF=2(T IIME X $SEKE

F1F TS, FIAREFIEHRA THY . ftlE, KEEEM. HIME X e
E0F. FBIK, BFIEE BIKIZES, LT T, fiEson

ENROERERMITIZEATUT =, #935R X SRER D B EHIE RS . 1. BLO8B2 LA7™9hk.

AERAR TIL., AEEMAEK, AlEERDORL VWA RS
b, BHMEFE RO SLERMED LI Z TR TIEREN B LYREDIZE | i M SN HEERRIEY)
([ZRLTHR AR DFITHRNER DFEX R T A ENEELL D, CORYDERYHEAEL T, Mo-Bi il ~#%
ERINT B LTINS, T TUEELD) FeMo,0,, #ESARMDEHEA A DT =, BB (400 E~ 600 FE)
TOHEREMEDZE{L%E B 5 BIIT. PILATUS #&RHHER%E ALV REERL T LA EEEO BT EHRE TR
ESAIREL T 5128, 16 keV DBLARIL X —FIFEREALT  AFFDBIEICE T SAESREEEIRT 510,
LIRHERZEH 500 mm ELT=, MIEUR (7 ks S—)L31EL DHS900) ($FEZT =4 A—43 1B4EIZ&Y RETECE TD
BIEZAIREEL TV, ZRTET —2 DS TIL. AEEEZ AL LAEGEDAEE—FLaEETH S,
ZRITE \E— 1, RITE SRR Z— TR Fv—h C B . Z DS TREEHEERECH S, SXFNEL
BREFHEOFER. BEFHHEIOFHICHL., BEHEGBICKIELDLEEAONSFEREDOEILE. Bl
TO774ILDELELTHRA AT EIZHMILI=- (K 2 [E Cu Ko BRI A EHTAREICTHL-RTR) . BEZbD
ERERERI L. BLOBB2 MET 4 X SREHTAIEN ALY —ILEGY 55T EEFRETE =,

RRA—FEKTIL, BLOSB2 HE T HZDMDEEELIENT S

PIPATUS #&HiER

REUEHTEE

Intensity (arb.unit)

22.0 . 22.2 . 22.4 . 22.6 . 22.8 . 23.0 . 23.2
Angle for CuKa : 20 [deg]
2. B4R Zxtd 4 BLO8B2 ¥433K X #REHF DA ZRILAIERDEESHER.
ARIEIEEE T COFERBEILI TN T AEIT O 77V E L. TSR 19 #0, BECEHRAIL 20 7).
51



SPring-8 LRIy L 2012
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EEEFSEAE — LSV ERFIRLRIRBEFY B — LR (X, KERETAMEER SPring-8 DEEEE —L%,
RISFEEFAMBOBIR BT 512012 1996 FIZHEL-RHE 131t (E1 28 RUEHT IL—) hioHEE
AT, Yo E—LFHREWAIE SPring-8 |22 AN EHE — LS54 BLI6XU KU BL16B2 Z3ERL . BIEDFHHT
[ZRIALTLET, BLIBXUIZHTIL, HADIEEE. S8 X REHTEE. V1 /0E—LRBGHIEEA EIESN .
BL16B2 [Z& XAFS & L OEXAREHTEEBE M BESN TLET, F=. TR \WwF D1=OITH ARG EIHY. EE
HOEME I DA REFNAT SR AR > TLETS,

HUE—LEEN B TIE, BAOTFERED =02, HERIEE CEBLL, BE- TRILEF—RI0 250, &
SURDIEREIE T/ TV /Ao—nEE | FRBOFIALHEESN THYET , K1(E2010FEN 5201 1FEETD
BHEBRTONAXNERIFDEIEETLDHT-LDTT , BLI6XU TIEIRMOBFDEIESHIENL , 508k RRIEFDF
RSB TULVET , —A. BL16B2 Tl EHMREFDEIEHREAL . itk - BREE MO EFOEISH KB ZtEZ F L =,
E—LZM1U2KELTHDE. BIE. TRIILF—BHRAEFOEIMERINFROTOAIENIMNYET 1) FHERTIE.
FIRREFHOEH . ARG LCAEFEDEEICKSELERL., EEFRT—OEITOWVTHRELET,

YoE—LHRERSIE
JINBFEET 564, MNP SRR, (ERES TR, V=—#. BNV )L—7 BIRENH EENHRAKRH)
WERZE., MSHEDREIZER. BECFTIEN. BEBBENR. /\FTV=uol. #BEIISMERR.
WEEMIRA. =ZEHHN (TR

BL16XU BL16B2

X1 FIFASEFOZEE
SER
1) HYUE—LHEIK: HoE—LEHR- REE. vol.1, 2011
HE—L HP: http://sunbeam.spring8orip/ TR IMSA I O—KRTEET,
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RISING E—LAZ14> BL28XU [ZDL\T

REKFEEFEEALD. N IRFZHR, TF5F
HHEZE. EEEF. FILUSETY, THELL WRE—ER ARSHE. PMEE/\

EHREE MR RS (RISING) FETIE., EXERL TUWVEL SR T Sv IRy IR THAHEE <D
LVT. "Begin with the Basics” TEHEAVEAD—X LETASEALMNITHIEEBIZELTLVD, EEMNTECS
FRARITRISIE . BT “ioT-2 BERBAT 25 - BRSIR 7 —ILIZRATEY . TNOAEEIZ, EE DR (TRILF—
FE- B - o) ITHEE RIT T, TEMNRICORIEEES . SR EENERIET 51=0HIZ 18
[GUWNERY BN R E BT DT RN DORERNNETH D, TDT=80. BEHE AR Z8EE R4
)=  DEEMENER RISING E— LS U EFTHSI Bz E—LTA/2(E 2011B #ilca3via= J #EataL .
2012A DS FIFARRIAL Ao TL VS, BL28XU [FEEMRIED AH—X LaEZ D15 (in situ) T, SRFEINHREVEZE
I ARAET X SREHT (XRD) . X $RIRURSIIE(XAFS) , A A—T 2% B X RABF I (HAXPES) A2 E I K YBAS M T
BTEHEBHIELTINS,

RISNG E—LZ1> D E4FHEIE SPring-8 DEHEE X #FERARIERAL . EEMSICHRT B3 220 R
Bel CTEHEMRRE 1AL . JETAMRRE- REEEEIREE - RICHTIRREFE in situ AIETA=ODLATLEERLT
WETETHD, Ff-. BEEMELERNDS in situ BIET 5= DEGAVIREREFE FERL . ERET D
EEHENEMIEIRATAET 5, JETEIREDAIL Mn-Fe-Co-Ni-Zn 12E DEREBEF SO EEMHHD
EIREFDE] XAFS-XRD AIEIZ&YATL, - HEDMRHEIL. 25T Ge FEAMMEHET. ZRTEVRILTL RS
(ZkDERET TS DFRRIE. HAXPES IZ&YATS, Ffz. X $ERAU0E — L% AL V= XAFS BITEI 2 & 5 RGOz,
HBWEEMRED CT A A—T2%  XRD, XAFS BIEZ(TL N, BN TRIKEEZ) 7 L34 LTHAT 52611,

CDE—LSIUTHRONIZEEDN. BIT)F U LA EENROBRRVEFNEENERICHF 5T HEHF
LTLV%,

HFINYF EER/ YT
— i:l-l.:nn.ul-:_mﬁﬂn_wﬂgﬁ ] o o Tﬁ"‘ = N [HE ﬁ
Y T r o 4
39.65 4715 50.3 52.15 70.4 7165 76 80
(M1E5—) (M235—) (AHFHE) (RUvE) (M335—) (M4=5—)(XRD) (XAFS)

JLIR AN O EERE(m)

X 1. BL28XU DLAT7rIh.

Eird

AE — LAV ISB L ER TR e E AR EATE L 2— D 2R 2 T D EHMHIR U NHIIEE ZTTin situ &
I XRD-XAFS BIEDT-HICTEBZ oNI5REDHMEEAL . EE MR Rt -E— LTI ELTTER
TREMTEEL . FDOZRESIHALCREICCDIBEBY TERBLET . £ AE—LSAVI(E
NEDO-RISING |2k 53iEaZITELT=,
SETR
1) INARZEIN, WFIE—RR : SPring-8 FIFEE#HEE Vol.15, 2(2010) 64-68.
2) VAR, SHEE EEEAL NIARERE, FESE—ER : SPring-8 A E#EE Vol.17, 2(2012) 117-121.
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MG - MR ZTAAEE — LiS 4> BL15XU DIRIR

" ) E - RS (XTI —EX (B
REEE | BRE | EERH | BREE ' SIS B S NS | Anli Yang '
IWTFRZ ' #aTHeE

ST B e A oa) ] SA

JSTITBCEAN YE *1*%iﬂ*%*§(NIM?®t L\7’i/ RS RR=SR H%ﬁ?ﬁ FRILIM
BLISXU Tld NIMS M DOEEREERER XTI dEEDIC, 0.6% ;2’;1 ——
NIMS (ZHIFRYE - FEHDBRFE BRIC. ROETVEARR — 1.2%
BIERCHIERBEENEFEEDRNT T AORRETT 2.6%

PR
24.1%

. TNOEEROEEEIIE, AHORRT. FHEICHALT
B, SR 23 4L EIRISERT. BT ANF 3R, Fd
TEROR B AL AHOYIE OAE HEL OFERSE
BASINCT Bt BABE U BRI R 0RIS- B0
% BELE ORBEMOBEET. 2EVTSF -5 |
PV AE VRIS X BT 0T AR5,
Gandolfi DA ZiAC LB MEMENDIEMRIR X #REHTEDGZE.
S B MHEIZE B CRIFIR 20 S| VAR EEIED ' i Ems
HEERRATO -0 8 BRI A B e, - -

SBI2, TNBOFET . EEOTE 2 DIV THEREE
PEFEORMN OO EERRE SEAL YIRS
HEHEARER 3 TR AR R OME T — )\
IO REREELTER, 23 FEOEREEDNEDHH (V7 MO ERICRT , ERTECUTIHE X SAETFH
Feskh'H 7 BRGNS SMRESAR X SIEHTE CHD. ARKTIL. 23 FEOEEEHBOBIBR R 1 RHOTIER
BTN T RSB L TERET .,

Bt

Eith
9.9% 10.5%

TH2BFERBRABTICESTFED AR

O BEXHAEFIH

1) AERRET/ RFORLIAEEAROBRFECEOE X SR EFHICLSEHE [1]

2) AEVPITFAY-ZRVBUVEFBAE Y HHHE X I EF RN F AR DAL [2]

O X #REHT

3) EfERE Gandolfi DA TEICLBMEEFMODMRETT—HRIESZDRBIFEEEDIEA (3]
4) HEEEMEEIRIEERRATOIH0) 8 BHEHTETO R BELS LI

[1] Govindachetty Saravanan , Toru Hara, Hideki Yoshikawa , Yoshiyuki Yamashita, Shigenori Ueda , Keisuke Kobayashi and
Hideki Abe, Chem. Commun., (2012) 48, 7441-7443.

[2] S. Ueda (Invited), XSW-HAXPES Worksop, ESRF, Grenoble, France (2012).

[3] Tomoki Nakamura et. al. Science (2011) 333, 1113-1116.
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P-51

FOURFENHET 7 b AT —3 3 VWERFPE—LT A L OBNR

HOKHE RIS sk
Pz, JRHHZEA

FEORTTIE, 2006 4F 5 HICHRREEEOMAEE U TR, Aarklaifio 2 #5725
G GEE TR DR U, B MR OB 2 A U Tl seniRBla Hig L T
W5, PHERIARPI T, SPring-8 DRPRERICIHFRE/KIEDIRXHET > V2 L—F E—AF
A > BLOTLSU) KOS EHRAT—Y a L2k L. 2009 AERIH SILRFIZBE LT
W5,

E—AZ 1 > BLOTLSU iZiX 8 RO/ HHEREE 8 OFT 2 Y 2 L—F EfllAaGbE T ER
TV alb—FhRRE LT SPring-8 HRY L ZICRBEINTVWA(X 1), dikwEArED
Monk-Gillieson FIAELR IR RIS 0 2 f T, FRAT—Y a ATBOTOTRIVF
—ifiPH (hv) 12502000 eV, @ RINF—oEhE © >10,000, EERY A X <1l0um. D757
Z : >10" photon/s/0.01%BW DXEREEA Uik X bR TX B, AR A REnT 285y
DA TVl —FTHD, E—AFA L TIZDRNENREDT-DOMRNTEHSoft X-ray
Polarimeter) Z#Efi L. 97 %L EOKF: « B 35 &K O MU EiEl Uiz, 4% &6z
FINF— IR OE Z b D38 2179

E—AF 1 > BLOTLSU TIIBIHEL) AR MRR X #5k (12 2) 7V —FKR—h 3) 3k
ARV THGT2). 1) EEIER X BI04 DOIRAT—S 3 L H - 1
WSNTOB, DFNDAF— 2> SRR IS TS,

[1] M. D’Angelo, R. Yukawa, K. Ozawa, S. Yamamoto, T. Hirahara, S. Hasegawa, M.G. Silly, F.
Sirotti, and 1. Matsuda, Phys. Rev. Lett. 108, 116802 (2012).
[2] M. Ogawa, S. Yamamoto, Y. Kosa, F. Nakamura, R. Yukawa, A. Fukushima, A. Harasawa, H. Kondo,
Y. Tanaka, A. Kakizaki, and I. Matsuda, Rev. Sci. Instrum. 83, 023109 (2012).
[3] K. Horiba, Y. Nakamura, N. Nagamura, S. Toyoda, H. Kumigashira, M. Oshima, K. Amemiya, Y.
Senba, and H. Ohashi, Rev. Sci. Instrum. 82, 113701 (2011).
[4] Y. Harada, M. Kobayashi, H. Niwa, Y. Senba, H. Ohashi, T. Tokushima, Y. Horikawa, S. Shin, and M.
Oshima, Rev. Sci. Instrum. 83, 013116 (2012).

v — A7 A 2 HP: http://www.issp.u-tokyo.ac.jp/labs/sor/HP_harima/harima_new/index.html
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MHNTEC S RIGE IEFE JIEL . T DRBRINOMIET AU 5IENEETHY ., T/EETOEE. EFIK
REZ DS FIEHA T RIREIESTUIVET , Ffz, A/ N BRSO HDEH ZH U THIMY SR Z KL S8 ERRTEER
DT=OIZEHE — LD EEF>TUVET , SPring-8 TEHEUZL WK DA DE—LSAUIZE LV TIBRESD = D
EMNHEATNET,

X KY LS - MERFHREE A= ARER RN T — VD EF IBHICHT. F/HAXD X &
E—LZRHT HHAE— LT (BL3TXU. BLIIXU) Z 2L . EREAERIIFAZTTENNEL TULVET, F-XREDM2
— NI NIRRT AT S LB TE B O MERIEERRTE ATEE 2T 5E — LS4 (BL32XU) (i
L. REXRCCHEADTBEESEIBEMESR TSV I+ — L | BEOFRFTILER L THUMERD S D EHER /X
DEDEERICESLTLET,

2012 £ 3 A &Y. SPring-8 |9 5 X #REEREFL —H —HEa% SACLA DA BHALFEL =, SACLA DHILEE
5/ SILVADNDIBEHEED X #L—F—THY. BF DFLANIL DR SRR T DM ATREENTT Y. £D
BNEHFZL DA INERIEL TLELVET . —7. SPring-8 D AILAHEETIZ SACLA [2LDED D, IEFET
MEDEEH 1T EM ARSI T, SPring-8/SACLA [FIRFF m TII MR THE—, IETE X L —Y —ZFERSFIR
AIRESHEER CdY . 2 D DIEERD RFE A &1 T SPring-8/SACLA UMW RIFE YIRS EMVTTRES &
EZTVET,

SACLA LDMHEFNRERARRFEL . F-TN TN DERENEERE LT 518 SPring=8 [FESHEHNEM. &
LVSEREMS, SPring-8 ) Big g REAMRDIEETIAREL T SPring-8 Upgrade Plan Preliminary Report”% SPring—8 0
HP ECARLTLET , A——D &N LD T, CEREHFELTHYET,

5% URL
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X $REHEFL——HEE% SACLA  http//xfelrkenjo/

Preliminary report http://www.spring8.or.jp/ja/about_us/whats_sp8/spring—8_1/

56



SPring-8 LRIy L 2012

EHESEEYFE— LTIV

PR - RO A E iR TL RIS R T A BT =~
HAHER (UL) | FEFRAE, A L8R, _EFFMI. 51RE8A, Ja¥aed

R MR AR ARSI AT AL =V T, BEEWFHMIRZ T AMEL T, X RIGREE
FATEIC R DRFL AL TORHRBERAT. X S NERELEC L DERANTOES T CBIREERT S DL T
A—H—~DEHMSHREITL VDD, SPring-8 DIBEEWIFE — LTV ELUVE — LS4 58RI 2R S 3B D
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INEERABERRATI CRE T DE — LSV EE LR BFREEDH TS,

-BL26B1, BL26B2 ##&T/ LAE—ALSL 18T

BN EERIEERT D= D EHFEET — 34 RN DIERICIEET 5L BRIEL. YTV Fodv—%
FRALI-B8T —2EN AJREEE — LT TH D YA M SEHBZEEML TT—2Z G DA—ILA1T—
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KEA AT G TL—R 0, BHEEIRI TDAD « T4 A—4, &5I2 BL26B2 TlIA 54 BEMAIEEBEEHA T
HY. BRIZISU =28 ZED FI SRR RIEETH S,

-BLISXU EEMRE—LS1 ]

BE7U1L—228EHRELIZTSFE—LSATHY ., 2 DDEER \F T SAXS, WAXS D SEERH [IRF < 7]
BETH D, W/ \WWF TIE/MEDSIEATEH TOREL EfnEE AU TERREAO ISR O HEEE SR ©
EIRESERRITE1To T LD, SAXS B \wF TlE. FHUBKREELAED EM . Ry TRIO—% AL RS EHEIE.
GISAXS 2L AHRET/HEEAELFIRETHY . REEAHEEEDFREL AIRECTH D, BIEREDRLDT-0H/\v0TS
ROIER. RILV—TYRALLDT=OITERY > TIVF o Dv—DRFEEEEDH TS,
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G- B A B Y E RGO RIS X T AR =, BXERAAFIF X TLEFEL =2,
HEBEA A= TFIFE X T AL =
I — . RRREEAC. IUASRIE. ZERE] BrhEA, IEHED, 55, KHIES, ARLE. EF554

SPring-8 HEHff- EAERAZTAR- MEERD FIFAS AT LRI =M TIE YEEREME — LS OEH SR, E—
LAY FERRT—La % ERAL THERFEDIDE L= ARCHRT EDORREEH TS, UTIZ, FIHEE-
EEEERYLTLVDE —LSA BL17SU, BL19LXU, BL29XU &K, BL44B2 (22T, FNENDEHEEFIFAE
BROBROMEE T,

BL17SU MEEFRIFE—AS1 I

AIERAENBASNRE T DX RE— LS T AARD IS F ALTSUF B hoiEfensd, T5F A
(21 in-situ L—H—MBE £ EFHHEEREE L SR X SRR HBN I T LERESh .. BRI ETAN
kD FINE RO ORI RASTHO EFIREL BT SRS AERENTHOI TS, —AD T
F BIZIFE X SREITEEREE  RERIFSEREEN T BREL L TRESN . REEFYE O EFREEERR®
AENENEFOIR ZRDRERIFOHAESENTHN TS, 2011 EEIZIE, T52F B I —R—NZ1—H—
FABE D= DHRBENE OEBREBYBAL —ILEABIEIN . SEEN S LRIED FHRABFONFTEROT
T LML —H —EBR X SRS — & BB R N EERE M FtAS L T LD,

-BLISLXU MEEFIFE—AS1> I

2im ROT7o 01— —%5NRET DIBEHEEE —LT1 Th D BRAER A BRI B TGHHLE
[ZEBELFXEREREILHY 10"photons/s THD. FEL TXIRIERRLAZ. EQFBSRNFRXHIRET. BISATEL. BETt
STM. BEXIEABEF NI XEFATFAEED . XEAFDOEREBRNTHN TS, Tt XIREHEFL—Y—FH
D= DEFL RN FEE T L PIRHEIFERAEDH SN TS, FEREVES 135 m DEEEH 3 HEER \WF 4
Tl&. K-B 25—I12&% 100 nm EHE —LEFRV AR~ O FIREERNTTHN TV,

“BL2XU MEERIFE—LS1> T

45m ROT7ooaL—3—%HREEL. KBS 1 km DE—LTAUEHD, BIAER S H RN ARa i G
B ZERELF-XHR5EE T 10keV T 6 X 10"photons/s F2ET#H D, FEL TXHREHTIRMER. XFRBIRES . EFFIALGE
EIAFRRRELT-ERDY X {RIEMER. XERICED RSB THN TS, Tz XIREHEFL — —FIFAHEEMZE
ELT, ERERE AL X RE—LXT)vi—, MiERT 1V EURE ALV E—LGEE= A ORISR E
HENTUVS, FEFRE, JLRELVH 58 m DEERE Z. MEHHMEGEEIERS 5= I TR A RAEZREE CRIEL
29 HEN RS XIREIHTIRMERSESR, \wF G5 \wTF 2D TERL . HEFE R TERIEDHONTLVD,

BL44B2 MEFIFE—ALS1>

MIBERIFE — L5412 BL4A4B2 (2009 F~) Tl BFAEMEREITT —2% BT, MEREELSEDEEERL T
NIZEDF/ R — VSN Z[AF T BFH BID MRk F SHEEERZ AL T 5= O EEE AR E
o T3, FREEREEIL 4K A5 1000K ETEZ N BESITH->THEY ., TNHEES TR - EDNGEHEAED
1= in—situ BTSRRI 3t g 2L ABEDA A—U S TL—MIHIZ T, CCD 7L A H\S CMOS 75yk/ SR )L, Si
F B RRE CEW B MRREE 2N ARRE TIEC TREL VAT S T EDVATRETH B

FRTIE, ChbE—LF/ DFHBEFIAERD IR S DLV TRRI—HHTHET 5.
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BHRE1RD1=0. Pt AV EVRT7UE LE AUV -5ER Z kYRS 62GPa ETHDEATT. x5 1900 K D;BESEM
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1) M. Seto, R. Masuda, S. Higashitaniguchi, S. Kitao, Y. Kobayashi, C. Inaba, T. Mitsui, and Y. Yoda, Phys. Rev. Lett.
102, 217602 (2009).

2) T. Matsuoka, H. Fujihisa, N. Hirao, Y. Ohishi, T. Mitsui, R. Masuda, M. Seto, Y. Yoda, K. Shimizu, A. Machida, and
K. Aoki, Phys. Rev. Lett. 107, 025501 (2011).

3) M. Saito, M. Seto, S. Kitao, Y. Kobayashi, M. Kurokuzu et al.: J. Phys. Soc. Jpn. 81, 023001 (2012).

60



SPring-8 LRIy L 2012

X MR SCFHTRBAD T2 b DU XM A T DAL OB

[EE FHEPT) | B8 Pt gk KR, B SR P WL SRR, RSRATTN, R, hE R
FVRS TR, A A, AR 1R (B . AR SEZL WK SRR E)1 RS, AT R
A 5 (TR - TEAEOETD . Al B (R =T ) IHeED |
SR KT 30K 0t ERT) . i 5o (PRI,
E2 WA, gk R (REREDERI R > & — + SPring-8)

ABFEN IR X AR SR ASTRO-H | ZHEHE S X AReimedii (Hard X-ray Telescope : HXT) DBRFEMON 14HE
FHMERERZAT O HDTIH D, ASTRO-H 1T HATSE TR WED HALTD FTRYERE X RS T 0 | 2014 HET
6 BB TESH WD, ZO/RIZIT4 SOBIIS AT 20 S, 2 b A EDZ LT 0.3~
600keV &9 3 HHT K SMEIAW T —Ek COBIAITRE L 72 %, ASTRO-H DK X 72K HHD—273 10keV L1
DR X MHEROTRGEIITH D, HEROD X B Tl < REEAEFZ /20 il X SREE i\ Vi 24l X e
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1) “Alayered ionic crystal of polar Li@Cg superatoms”, S. Aoyagi, E. Nishibori, H. Sawa (ftfl 16 44). Nature Chemistry, 2 (2010)
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2) “Spin-orbital short range order on a honeycomb based lattice”, S. Nakatsuji, R. Satake, N. Katayama, E. Nishibori, H. Sawa, ,
C. Broholm (ftf 12 44),  Science, 336 (2012) 559-563
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[1] M. Matsunami, H. Okamura et al, Phys. Rev. Lett. 103 (2009) 237202.
[2] H. Okamura et al,, J. Phys. Soc. Jpn. 80 (2011) 084718.

[3] H.. Okamura et a., Phys. Rev. B 85 (2012) 205116.

[4] FFZE—{th, BAYEEFER 2011 FRSEKE(2011). 24aGL-9.
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[6] Frafnthfth, BAMBEFREE 67 EFRAR(2012). 25pPSB-26.
[7]1 H. Okamura, J. Phys. Conf. Ser. 359 (2012) 012013.

[8] Y. Ikemoto et al, Opt. Commun. 285 (2012) 2212.
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Partial lung aeration leads to a ventilation/perfusion mismatch in the lungs immediately
following birth.

Lang JA!, Pearson JT2, Wallace MdJ1, Siew ML!, Kitchen MdJ2, Fouras A3, Lewis RA4, te Pas AB?,
Wheeler K¢, Polglase GR!, Hooper SB!

1Ritchie Centre, Monash Institute of Medical Research, Monash University, Clayton, VIC; 2 School
of Physics, Monash University, Clayton, VIC; 8 Division of Mechanical and Aerospace Engineering,
Monash University, Clayton, VIC; 4Monash Centre for Synchrotron Science, Clayton, VIC; 5 Dept.
Pediatrics, Leiden University, The Netherlands; ¢ The Royal Women’s Hospital, Melbourne, VIC.

Background: Lung aeration increases pulmonary blood flow (PBF) at birth, but the regional
relationships between lung aeration and the increase in PBF are unknown. We studied the effect of
partial lung ventilation on pulmonary vessels immediately after birth using simultaneous phase
contrast (PC) X-ray imaging and angiography.

Method: Newborn rabbits were delivered near-term (~30 d GA; term ~32 d GA) and immediately
PC X-ray imaged while an iodinated contrast agent was infused into the jugular vein before and
then during unilateral (of the right lung) ventilation to visualise the PBF (Fig 1A). The number and
diameter of visible blood vessels, the pulmonary arterial transit time (a measure of iodine
dispersion rate) and the intensity profiles of transecting lines drawn across vessels at different
locations (a relative measure of PBF) were measured.

Results: During unilateral ventilation of the right lung, the unventilated left lung increased visible
vessel number (from 151 to 44+4; Fig 1B), vessel diameter (from 493+80 pm to 543.2+84.3 um),
and integrated transecting line intensity (from 471+70 pum.AU to 801+47 um.AU; Fig 1D) while
decreasing arterial transit time (from 1.58+0.46 sec to 0.87+0.17 sec; Fig 1C). The ventilated right
lung increased vessel number, integrated transecting line intensity and decreased arterial transit
time to similar values as the unventilated left lung so that there were no differences between
aerated and non-aerated lung regions.

Conclusion: Partial lung aeration promotes an overall increase in PBF to both lungs, resulting in a
highly significant ventilation/perfusion mismatch in unventilated lung regions. These observations

suggest that a previously unsuspected mechanism contributes to the increase in PBF at birth.
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Figure 1. (A): PC X-ray Image of a newborn

rabbit ~30 seconds after ventilation of the right
lung during peak iodine visibility in the heart
and pulmonary blood vessels. Shown are
comparisons of (B) number of visible vessels, (C)
arterial transit time and (D) integrated intensity
(midway down the 1st generation pulmonary
artery) at pre-ventilation and unilateral between
the right and left lungs. Data shown is mean +
SEM. * P<0.05.
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XMCD study of capped ZnO Nanoparticles: The quest of the origin of
magnetism.

Instituto de Ciencia de Materiales de Aragon (ICMA), CSIC-Un. Zaragoza (Spain)
Motohiro Suzuki (J. Chaboy)

The technological implications of combining ferromagnetic and semiconductor properties in a single material motivated
a large body of research in the field of dilute magnetic semiconductors (DMS), especially regarding the occurrence of
high-temperature ferromagnetism (HTFM). These experimental findings have not been free of controversy mainly

related to the extrinsic effects that can affect the traditional experimental probes.

Aimed to discern between the intrinsic or extrinsic nature of this HTFM we proposed a long-term investigation by using
an element-specific magnetic characterization tool as X-ray magnetic circular dichroism (XMCD) at the BL39XU
beamline at SPring-8. We have performed an extensive study of the ZnO NPs capped with different molecules by using
different experimental techniques [1]. Our results demonstrate that the magnetism in these materials is intrinsic and relays
in the ZnO conduction band. Moreover, both X-ray absorption spectroscopy (XAS) and XMCD signals point out the
formation of a well defined interface between ZnO and the capping molecule in which the exotic magnetism arises at the
hybridized band formed among Zn and the bonding atom of the molecule [2]. Accordingly, the occurrence of magnetism
should be related to the structural modification at the interface between the NPs and the molecules rather to the specific

electronegativity of the atoms involved in the bonds at this interface.

By recording element-specific X-ray magnetic circular dichroism at the Zn K-edge as a function of the applied magnetic
field the coexistence of a paramagnetic response from the bulk and of a ferromagnetic signal associated to the interface is
evidenced. These contributions to the XMCD can be disentangled, thereby revealing both the intrinsic nature of the room
temperature ferromagnetism and the role of the interface, providing insight into the origin of HTFM and bring support to

this new route to room-temperature semiconductor spintronics [3].

[1] J. Chaboy, R. Boada, C. Piquer, M.A. Laguna-Marco, M. Garcia-Hernandez, N. Carmona, J. Llopis, M. L.
Ruiz-Gonzalez, J. Gonzalez-Calbet, J. F. Fernandez, M. A. Garcia. Evidence of intrinsic magnetism in capped ZnO
nanoparticles. Phys. Rev. B 82, 064411 (2010)

[2] C. Guglieri and J. Chaboy Characterization of the ZnO-ZnS interface in THIOL-capped ZnO nanoparticles exhibiting
anomalous magnetic properties. J. Phys. Chem. C (2010)

[3] C. Guglieri, M. A. Laguna-Marco, M. A. Garcia, N. Carmona, E. Céspedes, M. Garcia-Hernandez, A. Espinosa, and J.
Chaboy JXMCD Proof of Ferromagnetic Behavior in ZnO Nanoparticles J. Phys. Chem. C, 2012, 116 (11), pp
6608-6614
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3) Terasaki, H.,et al. Liquidus and solidus temperatures of Fe-O-S alloy up to the outer core pressures:
Implication to thermal structure of the Earth’s core, Earth Planet. Sci. Lett., 304, 559-564, 2011.

4) Kamada, S..et al., Melting relationships in the Fe-Fe3S system up to the outer core conditions, Earth Planet.
Sci. Lett., in review. EPSL under review, 2012.
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Nuclear Resonance Vibrational Spectroscopy of Nitrogenases and Hydrogenases

Hongxin Wang,1.2 Lifen Yan,! Aubrey Scott,! Devrani Mitra,13 Saeed Kamali,! Yoshitaka Yoda,* and
Stephen P. Cramer,12*

1 Department of Chemistry, University of California, 1 Shields Ave., Davis, CA 95616, USA

2 Lawrence Berkeley National Laboratory, 1 Cyclotron Rd, Berkeley, AC 94720, USA

3 Dept. of Biochemistry, University of Chicago, Chicago, IL 60637, USA

4 SPring-8, Japan Synchrotron Radiation Research Institute, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo
679-5198, Japan

Nitrogenases and Hydrogenases are among the most important enzymes in the nature.
Nitrogenases are enzymes to fix atmospheric nitrogen gas (N2). It is the only known family of enzymes that
accomplish this critical process in human food production, while hydrogenases catalyze the reversible
reaction of producing and oxidizing hydrogen, and could lead to a possible hydrogen economy in the future.
Nuclear resonant vibrational spectroscopy (NRVS) is a 5"Fe specific tool and has been proved to be an ideal
method to probe the iron related vibrations at active sites inside these large and complicated biological
systems.

In this poster, based on the recent NRVS measurements, we present and discuss the active sites
inside nitrogenase iron proteins, nitrogenase MoFe proteins, NiFe hydrogenases and FeFe hydrogenases.

Starting from nitrogenase iron proteins, the [4Fe-4S] clusters at all three redox states:
[4Fe-4S]2+ 10 were studied. A variety of distinct regions of NRVS intensity are observed, ranging from
‘protein’ and torsional modes between 50 and 100 cm?, to bending and breathing modes centered near 165
cm’, to strong bands from Fe-S stretching modes from 250 cm™ to ~400 cm™.

The preliminary NRVS results on more complicated nitrogenases, nitrogenase-CO,
nitrogenase-CO photolysis and various hydrogenases show that the main NRVS features are < 400 cm?,
which are due to Fe-S vibrations, similar to the case of nitrogenase iron proteins.

At higher frequencies than normal Fe-S cluster vibrations, we found a weak but reproducible
pattern of peaks in the region of 440-650 cm™. These peaks can be assigned to native Fe-CN and Fe-CO
bending and stretching normal modes in various hydrogenases, and bound Fe-CO in the nitrogenase-CO
samples. Fe-CO feature does not exist in unbounded nitrogenase samples. Preliminary Fe-H inside NiFe
hydrogenases was also observed in the latest NRVS experiment.

Despite the large contribution from the Fe-S clusters, the NRVS technique can see signature bands
from the very weak but very unique iron related vibrations, such as Fe-CN, Fe-CO and X-Fe-H bending at
the active site. From Urey-Bradley normal mode analysis, all these features were theoretically understood.

As synchrotron radiation sources continue to improve, in the future NRVS should show great

promise as a spectroscopic probe for characterization of the active sites, even in the photolyzed or other
Intermediate states.
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1) R Mizutani et al. (2007). Computed tomography imaging of the neuronal structure of Drosophila brain. J. Synchrotron
Radiat. 14, 282.
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Crystallographic Characterization of Extraterrestrial Materials by Energy-Scanning
X-ray Diffraction.

Kenji Hagiyal, Takashi Mikouchi?, Kazumasa Ohsumi’, Masaki Takata’, Yasuko Terada®, Naoto Yagi3 , Michael
E. Zolensky" (Principal Investigator). 'Graduate School of Life Science, “Univ. of Hyogo, School of Science,
*Univ. of Tokyo (Japan), *JASRI (Japan), “NASA-JSC (U.S.A.)

Introduction: We have continued our long-term project using X-ray diffraction to characterize a wide range of
extraterrestrial samples, including samples returned from the near-Earth asteroid Itokawa by the Hayabusa
Mission, comet grains from Comet Wild 2 collected by the Stardust Mission, meteorites and lunar regolith and
rocks. The stationary sample method with polychromatic X-rays is advantageous, because the irradiated area of
the sample is always same and fixed, meaning that all diffraction spots occur from the same area of the sample,
however, unit cell parameters cannot be directly obtained by this method though they are very important for
identification of mineral and for determination of crystal structures. In order to obtain the cell parameters even in
the case of the sample stationary method, we apply energy scanning of a micro-beam of monochromatic SR at
SPring-8.

We employed the intense X-ray source of SPring-8. In beam line 37XU an undulator is installed and its
radiation is further monochromatized using a Si (111) double-crystal monochromator. The X-ray energy is
automatically adjusted by changing the undulator gap and the angle of a monochromator. A Kirkpatrick and
Baez mirror is situated upstream of the sample giving a beam size of 0.7(V) x 2(H) mm’at the sample position.
Diffraction patterns are collected on the two-dimensional detector (CMOS Flat panel detector, Hamamatsu
Photonics K.K.). The samples are attached to an XYZ-stage, and the target micro area in the sample was
adjusted on the micro-beam position under an optical microscope. We applied energies from 30.00 to 20.00
keV (1=0.4133-0.6199 A) at increments of 40 eV with each exposure time being 0.5 seconds. The instrument
parameters were calculated from the coordinates on the Debye-Scherrer rings in the diffraction pattern of Si
powder (NIST 640c) taken at 30 keV and the values were used for further analysis.

Shock State of Hayabusa Samples: One of the fundamental aspects of any astromaterial is its shock history,
since this factor elucidates critical historical events, and also because shock metamorphism can alter primary
mineralogical and petrographic features, and reset chronologies [1,2].  Failure to take shock history into proper
account during characterization can result in seriously incorrect conclusions being drawn.  Thus the Hayabusa
Preliminary Examination Team (HASPET) made shock stage determination of the Itokawa samples a primary
goal [3]. However, we faced several difficulties in this particular research. The shock state of ordinary
chondrite materials is generally determined by simple optical petrographic observation of standard thin sections.
The Itokawa samples available to the analysis team were mounted into plastic blocks, were polished on only
one side, and were of non-standard and greatly varying thickness, all of which significantly complicated
petrographic analysis but did not prevent it. 'We made an additional estimation of the sample shock state of
Itokawa olivine by synchrotron X-ray diffraction, as well as by standard petrographic techniques and electron
backscattered electron diffraction (EBSD). Given the natural variability of shock effects [1], our petrographic
observations indicate that the Hayabusa olivine was shocked to shock stage S2, which is considerably lower
than that suggested by our EBSD work on the same samples, which suggested shock stage S4. We have begun
collecting SXRD data on larger Itokawa olivine grains to attempt to understand by the petrographic and electron
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diffraction results are so different [4]. Hayabusa grain RA-QD02-0049-2 consists almost entirely of olivine,
and its SXRD pattern was very sharp, indicating insignificant shock metamorphism for this particular grain,
consistent with the petrographic results. We have already shown that asteroid sample shock effects can be
effectively studied from even the tiny Itokawa grains, and by multiple techniques. However, EBSD and
standard petrographic techniques are not equally sensitive to very fine-scale shock effects. EBSD appears to
have greater potential to elucidate shock effects at the finest scale, but if EBSD data only are used to assign a
shock stage these results may not be directly comparable to those obtained by standard petrographic techniques
and SXRD. In order to continue this work we have begun characterization of the shock level of ordinary
chondrite meteorite olivine grains by these combined techniques.

Sutter’s Mill Meteorite: We have made the first mineralogical and crystallographic analyses of the Sutter’s
Mill carbonaceous/enstatite chondrite, which fell on April 22, 2012. This meteorite entered the Earth’s
atmosphere at the highest velocity recorded for any meteorite, and had a solar orbit similar to that of some
comets. The IR reflectance spectrum of this meteorite is identical to that of the target asteroid of the Hayabusa
2 mission [4]. We made crystallographic analyses of the fine-grained matrix of this meteorite, and found
evidence for mild thermal metamorphism, and demonstrated the abundant presence of oldhamite (CaS), which
is a mineral found only in extremely reduced meteorites. Our results reveal the complex nature of the
meteorite’s parent body, either a C-class asteroid or a comet, which experienced aqueous alteration, thermal
metamorphism, and a collision with a reduced, E-class asteroid.

References: [1] Stoffler D. et al. (1991) Geochimica et Cosmochimica Acta 55, 3845-3867; [2] Nakamura T. et
al. (2011) Science 333, 1113-1116; [3] Zolensky et al. (2012) 41st Lunar and Planetary Science Conference; [4]
Jenniskens P. et al., Submitted to Science.
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Figure 1. (a) Schematic representation of the encapsulation of ubiquitin. (b) X-ray quality single crystals

81



SPring-8 LRIy L 2012

Structural and functional understanding of secondary active transporters
Yan Nieng (Tsinghua University)

82



SPring-8 LRIy L 2012
P-75

Development of Spin—-HAXPES technique for the Exploration of the electronic
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From the discovery of GMR effect spintronics emerged as an innovative field of magnetic electronics. Employing
quantum properties of an electron such as spin, spintronics deals with nanoscale devices, the principal constituent part of
which is a complex multilayer structure, in particular, magnetic tunnel junction (MTJ). As the efficiency of such devises is
defined by the magnetoelectronic properties of ferromagnetic materials used as electrodes in such structures, exploration of
the electronic structure along with the magnetic propetties of buried layers is of a great importance from the viewpoint of
elaboration and selection of new materials for the wide range of spintronics applications.

HArd X-ray Photoelectron Emission Spectroscopy (HAXPES) was proven to be a bulk sensitive probe of the electronic
band structure [1, 2] and provides the possibility to study the electronic structure of deeply buried layers in non-destructive
way. The direct measurement of photoelectron spin is highly desirable for elucidation of transfer processes in
magnetoresistive multilayer systems. Thus the implementation of spin-resolving techniques into HAXPES facilitates
complete studies of electronic band structure of deeply buried layers resolving electron energy, momentum and spin degrees
of freedom with rather high bulk sensitivity.

Here we report on the first spin-resolved HAXPES (spin-HAXPES) experiment implemented at BLA7XU beamline
(SPring-8) via a combination of Scienta R-4000-10keV hemispherical analyzer with a new spin detector based on
Spin-Polarized Low Energy (104.5 eV) Electron Diffiaction (SPLEED) at W(100) surface that has been successfully
performed on a buried Co,FeAlysSigsmagnetic layer. The measurements proved that a spin polarization of about 50% is
retained during the transmission of the photoelectrons emitted from the Fe 25 state through a 3-nm-thick oxide capping
layer. The obtained spin resolved spectra agree well with the magnetic circular and linear dichroism. Recently the magnetic
circular dichroism in hard x-ray range has been shown to be an efficient tool for bulk probing of magnetic phenomena [3].
The information from spin polarization and magnetic dichroism are different and their combination provides a detailed
insight into the dynamics of photoemission from a ferromagnetic material.

The performed experiment paves the way to spin-resolved spectroscopy of buried layers and buried interfaces, issues

being inaccessible by the classical low energy approach.

[1] G H. Fecher, B. Balke, A. Gloskowskii, S. Ouardi, C. Felser, T. Ishikawa, M- Yamamoto, Y. Yamashita, H. Yoshikawa, S.
Ueda, K. Kobayashi, Appl. Phys. Lett. 92 (2008) 193513.

[2] K. Kobayashi, M. Yabashi, Y. Takata, T. Tokushima, S. Shin, K. Tamasaku, D. Miwa, T. Ishikawa, H. Nohira, T. Hattori, Y.
Sugita, O. Nakatsuka, A. Sakai, S. Zaima, Appl. Phys. Lett. 83 (2003) 1005.

[3] X.Kozina, G H. Fecher, G Stryganyuk, S.Ouardi, B.Balke, C.Felser, G Schoenhense, E.lkenaga, T.Sugiyama,
N. Kawamura, M. Suzuki, T. Taira, T. Uemura, M. Yamamoto, H. Sukegawa, W. Wang, K. Inomata, and K. Kobayashi, Phys.
Rev. B 84 (2011) 054449.
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