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The Reimei (Dawn) Research Program is a research project based on public application
to be conducted within the framework of the Reimei Research Promotion project of the
Japan Atomic Energy Agency. The objective of the program is to encourage original
and/or unique ideas in the field of the new frontier research of atomic energy science.
The number of the research subjects accepted in the fiscal year 2007 was 8. These
research subjects were carried out in collaboration with Advanced Science Research
Center. The summaries of these research subjects were compiled in this report. We hope
that new researches will be grown and developed by the help of Reimei Research

Promotion project.
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(S—rFL— k) OpE3

Development of Multilayer Fresnel Lens (Zone Plate) for Formation of Focused
Neutron Beam

MR
Shigeharu Tamura
(Hh) PEZEHATRRAWIZERT BT 7EET R
Photonics Research Institute, National Institute of Advanced Industrial Science and Technology

M
ST LAV —r T L— b (FZP) IR E = L — X O AL A Th
%, ARBFFETIE. T ERBEOSZBIERETEICL Y. PHEFRHSBICET 28 LY — L 22
322 L Z2HME LT, VR TRERICB W T~ A 7 v B — ADERM ARE/R 2 & B FZP OR%G
(MEFOBIR, ~HEDFHR) ERIER OB & 21757, BIERMICIE Cw/Al 28K FZP & 31FE7 %
EHZ, Ni-Cr/Al ZJ85E, Ag/Zr ZJalE7e Bz oW TR LT,

Multilayer Fresnel zone plates (FZPs) for the neutron beamline have been designed and fabricated. Firstly,
materials for the FZP were examined: layer materials, wire substrate, etc.. Secondly, FZPs were designed and
three kinds of FZPs were fabricated: two Cu/Al-FZPs and a Ni (Cr)/Al-FZP.

1. #FFEERY

PR B — D IE R, MBS, BB, R - BRAARER E ORIAVEHE A O 58
BT, MEORRA MR BT D FBRE L THERICHERY =V Th b, TRLF—HMENGEH
PEFE—2 (R :3-03nm) X, EEAEOHEIEMNT. KFEZREE UCRERT 2808 BB,
MoBER (BIZIXKBEWEE ST —R T ) Fa—THOKEOEH) 28 ICFATES, £
AR —=RNEOWEFE e — A (R 04 -0.1 nm) X R — 23S ORE = %L ¥
—LRRECTHLOTWHED I 7 alpffiE a5 012 LT\ 5 L4z, BB 1EF1721 ¢
72 T ORENIRIE, BRA Y OESNR EEHANDHZ ENTE (1), FEEEEMRIT O L 5 72
WEDVED B0 S LT 7 VA 7T 7 4 Lo RIS W B E THOW LR TV S (2],
e B — o % W2 BRI ERER & LCE, X 232 BD L) B ORS00y DR
FIOFREH], KA T Y —IEH ST DENEROMERA A O, S DITIZ T EMEL OIS 10D
fERT (3], ISHIE (4) RENRFTFTOND, ZD XD BN EEE AT 5 P 2T hIE,
WE ORI O 2 DIFRBI O, TNOORIICKE BT 5 Z RN bd,

HPE - OSSR T ONAOBIFRIUTLL FIZRRT L 2 I ETHO L OMEZE A ETH DM,
W, BV THO B O LB IS0 H 5, ERNICBW T, BUAHINREEEE TRy
KT ORI LISH CERK 12~16 ) | 128\ T, R —E (BpE1 & ik ok
Fr) A ONFFEF 2RI DI 5 E 3 Tk, A OEEFE T & L TIL Magnetic Lens,

Compound Refractive Lens (CRL) 75, ZAHMEFHOESNEFE & L TUIA—"—I T =0, A
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PHCHERET D Z EMFEIFS 2 (5), EAMCB VTR, FZP (U V7T 7 ¢ —ETIERD 2% Kearney
DIZ K o THRANAER S L, HED 2 nm OMHPETOENPHER STz (6), T Altissimo ©H1Z
Ko THERI S T2 FZP T OERICE TH S Z EDVRS L, 2O FZP IXERTHEATH &
BuptErrEIRIC b AR EEZ DD (7). Flo, MO CRLIE, 4, #igoL 7 R~0I5H

b & UTEAICHIERI T M T T D (8-10],

PEREBANTRGAIEET CIX IR MpapE s TR KK TEBIRMIEATRMR LV . ML ¥—
X BAENFZ T D1 O ThLZREE 7 L vy —r 7 L— L (FZP) OBRE{T- T,
BFEEEET HHEE T (FZP, CRL, Laue lens 72 &) OHICTELBEIKFZP O KX 7ol mid, (1) Yeiih
FHEENIER RS, () JhEPHR—r ¥ — (E) SERCHEARERZ L THY . REKSHL
SPring-8 (233N TC 2B OBENIMEA FERE L T 72,

ZZCAEL FYETRIASEICET 28 LW — L a5 Z E 2 HA L LT, B 7 REk
CEHFTRE/e 2 @I FZP OB%Z HiE L. skat L MEROIER AT 5 7,

2. WFREAS

ARFGEBHFE TIL, TAVE TSN TIT & A ERITS ST TR E 7R Cft H RTRB 2R 8832 1
DAFE A HEE L, JED 0.1~02nm FitgOHHEFZ280IMET 5 2 L A3 ATREe L@ FZP DORH%
ZHIEL7-, FZP ORFHME L LT, BN 100 27 o U fRE, B (V' —2%0) 1% 50~100 2
ZEMEL Uiz, BARHICIE, Au U A v — 5 BICEZe5 I L B b 2 fEO & B ik 4 &2 H.
WL, 2 ORI 2B A RS A A TR OIA F . FEMFEE IC L v RN T L C, FZP %#/E
w7,

F9, BIEMEE LT, (1) VA Y3 EHZ DWW TR T, Sl — BT B 72912,
B EICEN TR AT 2 2 ERRAIRIZNG Th D KRR A OMEHZ DWW T HIRET L7z,
KIZ, Q) ZRIEOHAABDHEIZONT, HIRAICHRE L CEE RO, #BEOMmR 55Tl
T E LTERELZ, LT, (3) WL 20 OMEOMAE DRI DN TEBRICL @R FZP OfE
BTV, BUERZ BT LT,

DTz ok R a2mr9,

3. WRTRE S
3-1. B FZP OVERLG 1%L

ZIEE FZP 1Z AN 2 U v 7788 (K1 IEEOREE) AR L, [FEEd 5 MR 2RI
WA D 2K & W 2 T D L HR 2 R AT, . L ARRELE G SITHDIA A THEE L, [Elfsd)
2R L CIRELICYIMT L, TR SIS ET 52 TELND (X2), Bz AX—XHOE
JEWEFZP & H72 D DI%, B BE, BB R, KRR ASIXEH A BET 5T OMEEZZE L
TERETHZIETHD,

3-2. UA Y —HEMMES X OYRRELS A4 BT 5 Mt

M RREZ BT H7-DI2iX, £ LT, ZLOREZFHATHDITENY ==V T 52H
T 5 FZP #1Ef3 211X, HER Y —r (ZREERE) 2R T 52 ERARARTHY, ED7®H
WZiE, BEECENZEREZETT 28, BIO ZBEOMAE DY, RIS 2 T80
HYB LT D S,
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In-Sn 8%

RbA7A1v—ik S EBiE B (X!ﬂﬁ!i(tifxé)
/ EEH
iV

ZEIEFZP
\ l ‘ {  €ressssssssssssasaes [
7mm?_
DC DC 5577 A E IR

power power

2 AL HH#RR 2

1 2 LAy X o TaEE
E 7 = 75 FZP 1ESL MG

(2 &5 FzP H.LMZEFEOE
RO MRS

T A X — RO LB FZP Tt 28w 5% H
R T 5, WEICXHEAZEE FZP OBFSERRICI VT,
X AR FE K Z ) Au, Agy W IZ DWW TE %
NIFERL Au A BERL T, ARl HAR DR A58 <
THEEMNS, Si-3% A Au FEROBEMPEIZ OV TR
7o BRI AERTE FBMEE (Hitachi: S-5000) THAR
ROWE B LT-, TORE, REICKM (Z240) 2
ZLAELFRE LQEA@ENS e 2 VM L (K3),
F72. Au BERIZOWTH, #RIROER R o (K 3),
Z DI B L DR (BImAFES) % ek 7- A3,
Au (21 2 AR EE RN S TR B3, SR ki 3 um
Kipiroto, LAEDORERMNG, AR TIIF A TS REA 3 UAY—EMEmOES
ATHAB| & SNTREED Au VA Y —& e LTRIAT S #lE 7 amsss
Z L,

IHNFET, FLMZEEREOEE, XA k%D FZP OfRFFE L L CIRESEGE& LA L
T& 72, MEE LUINDOFBRRMENE ONLEE LV, X BHZLIER FZP TiX Pb(60%)-Sn(40%)
AAEMER L2, BT 2B RIL 100%I2MD TIT< . ARV, £ 2T, ik
DIRFELSEEE A LTz, Pb A 5A T 2R ITREmICAE L TR L7, E7o, RRlE AT
Bi Z&A T HRMNZ NN, BT 21T E A SERTHK WO TR Lz, & 512, Cd (FE
PET-Z KT D RE TN DY, TG EREEHEICEE L TR LTz, ZOREE. In(52%)-Sn(48%)
BE&EMNDZ LI Lz, In IZZROLPWEBETH Y | BIRIFEREICER L KT T 2 L 03BE
NN, %k 42 k) ICRERLBEIBLR SN ed Tz, 2L, BlTHLZENHELTH D,

Au-Si

3-3. ZEEOMENZRET 2 Mt

SCHR (1) 5B L C, RS 0.108 nm OEHFME1T5%F U CRINEmfE A K E Voo, B LU
WRU WA 2SN SO TR 2 A TS, R ELE L ClbI TR (fabR, AER ) 3R Lz,
AT 1213 30 (barn)LA D TEFE E LT Au, Ag, Hf %, #1213 0.2 (barn) UL F Dt & LT AL Zr,
Si, CZEMIGERE LT, ZhboeHEaFH LT, Bl Ag/C. Ag/Zr, HfIC 72 £ D% FZP
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WERITE 5,

SCik (7)) THEEPPE T (7272 LR 0.685nm CTHEER) ONi#lD FZP MY V75 7 4 —{ET
ER S, BNFEBRICHII L TWD Z b, 2o O OMEORINWTHFEZ A3 208 DOF T
AR L TR EAENA iR b E LTHIF -, Zbid, Ta, W, Ni, Cr, Cu, Mo T
H5,

728, 3THR (12) @ NIST (National Institute of Standards and Technology) DZAHETIZEET 5 Tid
DF =L N—= 2T b FFROYMEES B SN T 5, £ 2 Tl TRIERAEIC SV TRl S 28 2,200
m/s OFMHET] LRSI TEY, ERIZ0.18nm EHERI SN D,

3-4. FZP D% aHLAEB)

FZP |36 @ e LW+ 28 & 228 HAC RO PRICHR 0 R U7 @B e 1<, BT &
THHRICE Y Lo XE LTHERET D, FZP TIIY — U OIS L, ZOROEIEE Y
— VMR 22 D, HUDIZERR 1 DR B 235G, BT 5 XfOWEL A, BAEREE £ &

ELnBEHOBEROYRE, X 1,2 =r° + nMf h=1,2,3,+ + + N) T. FZP Of/MRtE (st
EaarhE) & d & Uiz & &, ZEMIOMRE 4. EAEICBIT D B — A% 2r, (FWHM) 1%, ThZh 4
=122-d, . 2r,=1.03 - d, & 72V | PR LITEBRTHS (13),

SR (7)) IZIR DY 0.685 nm O HPETFHOBREHINTE S TEY, £z, L X e LTHEE
THEOORNDES (X2 T "t”) BFEINTWD, 22 TRIDES &IX, MAEZEHRRIC
Ko TEWNENRRN L DRSS THY | t BREL RoTHRAE—ZIZEAMMICEND, 22
THRANZ, ZOFEFEE SR (12) OFEEAZFIA LT, KER 0.18 nm O HFME+H DL & FZP
DOt ZEHE L7, TORE, Ni/Al(24 um), Cu/Al (39 um), Ag/Zr (450 um), Ag/C (75 um) & 73
oz, ZEETICYKIERTOFZP (VY777 4 —IETER) 1250 Th t ZFHE L7ZRER. Ag
(50 pm), Cu (27 pm), Ni (19 pm), Al (84 pum), Hf(50 pm), Zr (57 um), C (150 um)& 72 >7-, HE
FOWENEL 2AUE, t TKREL 2D, 72& 20E, WEMN 0.108 nm OHHET-I12% LTI, Cu/Al
(66 um), Ni (31 pm)& 725,

Sk (11) OPEEEFIH L CRIET 2 &, FrE 03 E 0.108 nm DR, Z® Cu/Al-FZP (&
X 166 pm) TIIAFEET (Cu) TOFHEFRIT 99.87%, BBk (A) THEIEBFRIL99.998% & 725,
F72. Ni-FZP Tid, AH L72HMET O 99.92%23 A FiHw (Ni) ZiEiRd 5, 20X 5 ITiiEllis
7R L o X U CEBICHERET 200k, XD FZP TOHEMZSEZ 1K L, 4l
DOMFFIZEIT 5 FZP Okt O5E & L=, Sk (14) Tl Cu/ Al-FZP (5 um)% 8 keV (0.154 nm)?D

XBOENIHIH LIZBE, Lo XE LTHIRET D Z R HE STV 5,

Z DR, R (Cu) TOZEER iSO%“CZbé B DO ERAE R TIX, Cu/AI-FZP 20 pm) %
12.4 keV (0.1 nm)®D X #ROENIFIH LI2GE, EHRA O A XD~ A 7 a B —L&AER L, 2
eR ifcﬁw/wv@iﬁﬁuX@%iﬁ?ﬁﬁzﬁ%@ﬂi\ IR L7z (15), o, AZilfr (Cu) BEW
T4 Y — (A b v3=) TOBBEI 1N1%EBLP02%TH5D, ZD FZP % 8.9 keV (0.14 nm)D X
FOEICFIT LA, 25%D RN BG Lz [16), RiEiRE: (Cu) BLOET A ¥—

(A b w/3=) TOFHBBEITS1%EBL025%TH D, Cu/Al-FZP (36 um) % 82 keV (0.015 nm)?D

X MOEKNFNA LT2E, v A 7 rE— L% AL, 0, BA v ¥ 2l O THER,| AR,
FEBMOZNEN O XM EHE OBFFIC S Lz (17), REm4r (Cu) BLOET A v — (R
ko /3—) TOBRBHEILIT8%BLVS56%TH D, ZIHLDOFENL, FHETFE—AICK L THER
BIREEDOFTRED 5% LU FTHIUIL o RE U THERET 5 L Z 2 T LU,

Z 2T, WL ONDOLJEEFZP (R 0.18 nm O HEFH) 2OV TAREBR T D=7 95%



JAEA-Review 2007-049

ERDIESHFFE LIz, ZOFER, Ni/Al(2.0mm), Cu/Al (2.6 mm) &7 0 H TOBRE=E
ZHEI 48%, 64% L7p-7=, F7-. Ag/Zr (023 mm), Hf/C (0.19 mm) DA, FZP AKILH#
S TEDN, HM, LHTOERRIZIZNEI 7%, 95% &72-o7z, EAEICBWCTHMR, FHT
DHERFRIT L ORENLEE L O OWNTIASHOFERIIRGREE LTEREND,

3-5.  ZJEIE FZP ORAIE

FREOME A EE LT, CwWAIL-FZP (30 /&), Ni(Cr:20%& A)/Al-EZP (10 J8) ZiEL 7=,

B OMBIORERE L, 2 E T, RIEEN 10 um 282 T RIS 72 Y — o DTN AT
R CTh-o72Z & (BF, LI 12um AU F) BHEOHEBIL, ZREBEOWFERIZ OV T 10 4FiT <
REN RN BER SN TR WERBREAT 2006 Th D, 72720, BREAESOLESRAD Y — 20
IRMEICBI L IR TH 5, BIEIZOW T 2 ERIE L7z, THEFOMHE? 0.1 nm ORfIC
FEAEEREAS 300mm D FZP GE1JEHOY —E : 0.6 pm, FANE DY —E : 0.4 um | BRI
14 pm, FEAROERE : 50 um) & FEAEREEA 550 mm O FZP (5 1 @ H O — 1§ 1 0.54 um, s+
JEDY — 5 043 pm | REEIT 14.4 pm, FEAROEEE : 100 pm) TH D, $%H D FZP (£ 0.1 nm D
A IS 300 mm (5 1 B H DY — 1@ 2 0.6 pm, HAMNE DY — 05 0 0.5 um | FIEE : 5.6
pum, FEROES : 50 um) TH 5D, X412 CWAI-FZP GEHRODOEEL : 50 pm) OIGEAMEE S % |
5124 FZP O EEME IS (SEM) B2 =7,

In-Sn &% Au wire D&%
(In: 52% ) CEEMNE-TLVS)

Cu/Al Z[Ef%(30/&)
%18 0.6 pum

&5+ E 0.4pum
f=300 mm
(A =0.1nm)
Cu {RiEE 50 um
(B EEMEERE)
50 ym 5um
4  Cu/Al-FZP D¢ - BaMEs 4 (d) (e)

5 ZJ@IE FZP A E 1 BAMEE S
(a) CWAIL-FZP  ((EA% 50 pm D FEHR) |
(b) TDERIE. (c) CWAI-FZP (B 100 pm D FAR) |
(d) & (e) Ni(Cr:20% 7% 47)/Al-FZP
(B 100 pm DEAHR) (d) & (e) Ni(Cr:20% 2 47)/Al-FZP,

AEL72 3 FE FZP 1359 3 mm AOEHOFIINE L, JESEHN 2mm TH5, @
— B TR K 30 Th o 72725 R EHE S FRREN A T AUSRIBEE 23 F UA 3@ 2 5. £ 7-.
IFEEZ 03 Z LIEREETH D, 100 BRED Y — aE4 5 Z Lk 5,

4. Lo
ZIENESIETFELZ R LT, 2 PE ik CfE I rTRE e 2 i FZP A 3fE L7z, ZEIEDOM B,
REFFE S L TORMAEEOME 72 Sl oW THET L72% . CWAIL-FZP (30 &) . Ni(Cr:20%
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FH)YAI-FZP (10 J8) Z#/ERL7-, ZhlSMT, AgZr ZEMRLER L, Figle Yy — o &5, 5%
\ZF SV REIE, EE G D 720D FZP O KmEfEbs L O E— AT A4 U TOFEBEOEIFE
BThb,

5. ZFEEk

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]

http://neutron-www.kek.jp/kensfacility/intro/intro03.html
http://www.nucleng.kyoto-u.ac.jp/laboratory/neutron_t/neutron_t.htm#1
http://www.jaeri.go.jp/jpn/open/press/2003/030703/supp.html
AR L etal.: B1BE, 54(2005)339.
http://nop.riken.go.jp/indexJ.html

P.D.Kearney et al.:Nature 287(1980)313.

M.Altissimo et al.: Microelectronic Eng. 73—74 (2004) 644.

H.R. Beguiristaina et al.: Appl. Phys. Lett. 81(2002)4290.

J.T. Cremer et al.: Appl. Phys. Lett. 85(2004)494.

(10) J.T. Cremer et al.: Appl. Phys. Lett. 87(2005)161913.

(11) GE.Bacon : “ Neutron Diffraction”, Clarendon Press Oxford, p.57(1955).
(12] http://www.ncnr.nist.gov/resources/n-lengths/list.html

(13) H.Aritome, H.Aoki and S.Namba: J.Vac.Sci.Technol. B3(1985)265.

(14] R. M. Bionta et al: Appl. Phys. Lett. 64(1994)945.

(15) N.Kamijo, et al: J.Synchrotron Radiation, 9(2002)182.

(16]) Y.Suzuki et al: AIP Conference Proc. 507(2000)535.

(17) S.Tamura et al: AIP Conference Proc. 716(2004)144.
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2. EERYE D TORNMRE DD EEZ EH T 57200 —Z OFFsE

Development of the Rotor for Centrifugal Separation of Isotopes
in Condensed Matter

AR NBPIERE 2 HRnaa . B
Masanori Sueyoshi', Masao Ono?, Satoru Okayasu”, Yusuke Iguchi’, Tsutomu Mashimo™”
U R AT
Maruwa Electronic Inc.
? BT TR e BT R e SRR e L & —
Advanced Science Research Center, Japan Atomic Energy Agency
REA KRR - MRIRERSERIZEE v & —

Shock Wave and Condensed Matter Research Center, Kumamoto University

B
[FINE A Doy e 2 Bt (AR, [EAH) Th CHEIT D720 DEANFIR DO E L 72 5 v — 2 DB
FaHAE LTWD, ZOHER, ERWET CORTFORREMERmZ AR L LTRBY | Rk
TRIN ARG 2 0 & L7WFFERE7e < R T IUT EARZ IR & 3 2 B RN AR EI & 72 5.,
TR 18 AEEIT, ZBIEIRERT & v — 2 IRBE ATV, BEARGE 2 [, PERERBR m — & 25Uk
L7, UL MBMERTIEORG 21T, slBHitia = > N OREARGI 2 [E DT,

The purpose of this study is to develop the first step prototype rotor for realizing the new isotope separation
technology using centrifugal force in condensed state materials. This method is based on the theory of
sedimentation of atoms in condensed matter. In this period, we designed the rotor and the automatic sample

delivery unit for performance test.
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An Advanced Study on Non-homogeneous Radiation Physical Chemistry

BERTREAT | THRAR . e, e || i . (LimigE]C, koake
Yosuke Katsumural, Hisaaki Kudoz, Yusa Muroyaz, Mingzhang Lin, Zhenhui Han
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Department of Nuclear Engineering and Management, University of Tokyo
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A
FBEEFFAR O R B S DR 2 B 570§ 5 7201, REHRIBE CAKR T2 A % — LR OR
BEFNEE 7 DILE % 4,4 -bipyridyl(BPY) ZHfifeAlE L THWZ VR Z A U RAIEICE Y £l
72> B B UK AE & C IR EFLPH CTRIE L7z, BERSK R COKFIE T OIEDOZ(L & B L7 28)
ERTEPP LN o7, BT, BPY IREAE X LINEELHHIIE L, EIEFE & BPY O
BB BB DIR AR AR ET D Z LIS L0 R & &0 BIR OIR BRI 2 5 4f L 7=,
INDE S &N E - DI EZE L OIR AR DV Cilsam L7z,

In order to characterize the radiolysis of supercritical fluids, the yields of solvated electron in methanol
have been measured from room temperature to supercritical state, 280°C, at 9MPa by pulse radiolysis with
4.4’ -bipyridyl(BPY) taken as a scavenger. The change of the solvated electron yield is similar to that of
hydrated electron observed in water. Further more, the yield of solvated electron dependent on BPY
concentration has been measured and rate constant of the reaction of solvated electron toward the BPY has
also determined from room temperature to supercritical state. On the basis of above data, mechanism of the

temperature dependent yield of solvated electrons in methanol has been discussed.
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4. FREFEIZ F1T B AN NG B~ D K KA 0D fEE A

The Role of Water Flow into Subcellular Organella in Cell Death

Sl (T3 =
Kaori Chiba-Kamoshida
() PEEFMTR AT Al Tt o # —

Age Dimension Research Center, National Institute of Advanced Industrial Science and Technology
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DAY 2B 2 H51EIT > Te, B/ IMEBGELIE. BAERWE RO by R 70N
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(i < AT Bk L DORNRTH 2 FAKFEEZPAMICKBITE D &0 ) FHMITRE T~ & F]
RTH D, T IIAFTEB A JRR-3 (Z3R 8 S L7z P 7 VA HGELAEE (SANS-D) K OV 18]
AHELEEE (PNO) 20T UX. “EEORELNL Iim BEDO I har KU T OMNEE TOH A
R NN BIT D Z LN TE D, RFFETIE 70% &V ) BHEICHWVEREEAELZFFOI b2
Y RUTHEOHEZFIA LT, 2 hay R 7ABEMESES, BECEEREOE L, REAED
FHEAIOWIN e Eix RERTED L HIZET DD, FoZORNEOREIELELE | BENA~DKD
BN ED L ITEHE LTV 2 AT & 5 EHRDEE L AT,

Mitochondrion is a subcellular organella producing most of the energy necessary for living cells. The
structure consisting of double membrane, inner and outer membranes, has a close relationship with activity
and diseases. Its accurate regulation of the membrane permeability plays an important role in the homeostatic
energy production. Abnormal membrane permeability has a potential to lead to cell death. Although, even
transportation of water molecule is regulated by a specific membrane protein, aquapoline, there has not been
reported any method to monitor the water flow through the membrane. Neutron small-angle scattering allows
us to perform measurements with biological materials and subcellular organella such as mitochondria in
solution under the experimental condition maintaining the activity of the biological samples. Outstanding
advantage of neutron spectroscopy is its ability to distinguish hydrogen spread over biomolecules from
deuterium. In order to explore a new method to monitor conformational change inside mitochondria,
wide-range neutron small angle scattering data introducing two neutron spectrometers in JAEA JRR-3,
SANS-J and PNO covering not only the size for the thickness of the double membrane but also that for
isolated whole mitochondria particle, ~ 1um was employed. Utilizing the excess protein content, 70%, in the
inner membrane of mitochondria, a new attempt was began to figure out the structure change in inner
membrane caused by the change such as in oxygen and in the substrate concentration, and to examine the

relationship between the structure change and water flow through the mitochondria membrane.
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Studies for the Development of a Micro-focus Monochromatic X-ray Source with
Making Use of a Highly Charged Heavy lon Beam

HRHELT | A LAERE B, LT
Nobuyuki Nakamura', Nobuo Yoshiyasu®, Hirofumi Watanabe®, Ryo Nakayama®
VEAUER(E KT L — R v 2 —
Institute for Laser Science, The University of Electro-Communications
PESUBE KR - R LR
Department of Applied Physics and Chemistry, The University of Electro-Communications
S RHERANR B, CREST
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L IRE L72BRICR T 2 X RO AT MVERIE LTz, @EREA A & ERFRE & OBV T
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We propose a new scheme for a micro-focus monochromatic X-ray source using a focused highly charged ion
beam colliding with a solid surface. When highly charged ion approaches a surface, many electrons are captured
into the ion and the so-called hollow atom is produced. The hollow atom will decay by emitting X-rays before
and after hitting the surface. Such X-rays do not contain any contribution from bremsstrahlung, so that
monochromatic X-rays can be obtained by using proper filters.

For the first step of realizing the proposed scheme, an ion focusing system with a glass capillary has been
developed. In order to study the monochromaticity of the emission, X-ray spectra from hollow atoms produced

in the collisions between highly charged heavy ions and several surfaces have been observed.
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7 MLETR o TN Z ERInD, BRI T A L DEIR Y OD70 Koo (29keV £131T) FRITK L
T, DT A U E@ 4727 4 NE—FFANTHRET S Z & T, 16RO X BRI A~ IR I Bk
BT XAHRE 72 015D 2 LRSI, 2O X BROTRE 2 NG Ui A A 8Tl b L, SIS A
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AR BT DH LT, Mk X AN E
% K LR MARDZNZ U TR,
ZORRE K 4™ RS0 D K DT,
RFBEEA A TlIA A 1S9 1ED
K-X #REfit U, #fa 4 Tlda 42 1Y
720 2MHD KX AT S Z 000
7o OFEV., EEBEA A — EREREEZEC
K VIR ST PR O E LRIz B
T, KL A H BRI B B RE ki =
59, X BRI 100%DER TR 52 &
INGrIo T, BEROEVNZ LD X AT |k
S DENR LB TZA, B E A AR
WKL THED D b, I URREOE LR

W25 EENINENRKELRDZ LI HILTNWD Z ETHHN, FHEDO I TROLGEITZ D
K 2L a0t @& K 90% Th 5, mmEREA 4 OEEITIE TN 100% & 725 Z & ITRE

®
8

g

o
8

o
8

~
8

@
8

»
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8

ions through the capillary
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1’ime3 c'(mirl)

X 2 F¥ETYU—%ilimE LA A4 O
ORI, EBIIAERIZITA A O
T E A ERBO B, FRfE & 2@k
A FUBRHIZ TV Z 2R D,

FRIROTETH Y | AR L VEERZEREEND &L ZAHTH D,

4, FE&¥

EEEEA A =LA L2 H L
X HEIROBI % B e L CE OB E1T-
oo FT. MUNEEREA A -2 ART D
TOOHTAX YTV —%HEL, TOER
hiRZesd L7z, F7=. Tokyo-EBIT CAERK S
LA T D v N FEREA A & [EfR R &
DEZZIBNTHIH S D XD AT F L%
BIL R E LTE 2B OEAMEZ T,
ZORER, N7 4 NVE—EHNDH LT,
BEFD XA T I AP L 72 X &
0D LR TETL,

B, IAEBIETH D X BT L 0 T
WIETHRBRZITO N, FrET7 U —Z@m L
7oA F R EERmICBH L, £I0bikHE
o XARROBIN 2R A7, X 5122 DIEETE
T,

AN HBMRICB N T X RARY M LA
B2 LR LTV, Atk Z D3EE %
WTC, XRAAY MVOREDH, A A
YA ZOWEEATO TETH 5,

2.0 ' ’ : —
Btk 152% + HISI
mEAA |
1.5 [ L series S |
3 HHXE
NN
o N
5 10 f\ Y K series
2 | =
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I WA | A
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K5 Fye7U—%Z@EELiA4rroittEn
% X BB % EEREERE, EBIT 75 O & EEEA
F v e — A E BRI E A T 2RI Yy BT
U—IZ A5, ¥ 7V —%@l L1 40N
Be ZRICHEZE L 72 BRITH 92 X #R% Ge feias Tl
ET D,

5. ZEICH
(1] R.E.Marrs, D. H. Schneider, and J. W. McDonald, Rev. Sci. Instrum 69 (1998) 204.
(2] T.Ikeda etal., Appl. Phys. Lett. 89 (2006) 163502.
(3] *H. Watanabe et al., Phys. Rev. A 74 (2006) 042901.
(4] *H. Watanabe et al, Phys. Rev. A, submitted.
*ARFZERE TN OV TAFE LT3
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@))

- IEPRARAEE o A invivo Y=k lL—#—: P Th-EDTMP % i\ 7z
R P B R 0D PR 5

Development of the Method for Treatment for Bone Metastasis by Using
Disequilibrium-type Alpha Particle Emitting in Vivo Generator: >’ Th-EDTMP

BILsEE L IR AR REF R
Kohshin Washiyama', Kazuma Ogawa®, Toshiaki Mitsugashira’, Ryohei Amano'
VBRI RS R
Graduate school of Medical Sciences, Kanazawa University
P RKFFGER IR v & —
Advanced Science Research Center, Kanazawa University
}HAL R4 BRI SR T
Institute for Materials Research, Tohoku University

M
o ARHUHEEFR I LET & BWRER &0 ) a BRORHE SEBYE BB OREMA T A4 Y h—7"L L
THEH STV D, BRI B I CERT 5 IR o SO PEE SR8 " Th-EDTMP % 2723
AHINE MRMT-1 % BAE U 7= SnB BB £ 5 L7 v M Z 225kBg/kg DI E TG LRI R OMGE
#1T o7z, von Frey 2 FAHMERERIC X 0 B HEB AL OBIFAR RN R R S 47, TEEEHEFE RN
FITR LN T2, W M%) 6 2 Th-EDTMP 2% 535 £ COME 4 EET 5 = &
DVETH S, 72 2 Th-EDTMP I X 5 EREEIETR b7z,

An alpha particle emitting radionuclide is promising for treatment of bone metastasis. Thorium-227 (t;, =
18.72 d) is one of the promising a-emitting nuclide due to the high LET and short path length of alpha
particles. In order to evaluate the efficacy of **'Th, we started the preclinical therapeutic study of bone
metastasis using a bone seeking radiopharmaceutical, “*’Th-EDTMP. Seven-weck-old female
Sprague-Dawley rats were inoculated syngeneic MRMT-1 mammary tumor cells into the left tibia. Three
weeks after cell inoculation, rats were injected 250 kBg/kg b.w. of **Th-EDTMP intravenously.
*"Th-EDTMP injected rats showed bone pain palliation compared to control groups. On the other hand, there

were no therapeutic effects for inhibition of tumor proliferation. Toxic effect was also not shown.

1. BFEER

FLS o, BISZRRDS Avy iliZs AU DHEITIZ K 0 FE BT DMt I XA s & & 72 L, TR
FRHEAFICRAWTERAD 3 b e —/VICEET DIERINRZ VY, ZNETICE OFE (BF
FIFESCINB S RRETE, A AREALFRE, SR FIERER &) MThilTE R, 2
O DOFEOHETRRIEE TH 50, 2HMTH> THLENWERHDBRAN S O, F &R
¥ DB RRETH D, FE, ¥SICL % *Sm-EDTMP DL 5725474 Y b—7 (RI) @ B
AR U7 O PEE SRS mfR Al & L CRCK THWO TN D, 23D OFPEE S TR
B LT B BT 2 m 2 Fl O 1 CE 7203, BB OIRRIC LB @ O 25 2
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LIE. BRRORENRENZ L TeOITEMEMELHIE LA R Th o7z, ZHUIx LT a M3
TV LET (]9 100 keV/um) & 2 ORFE( 50-100um) % A9 572, o SRl R I s 1 5 IE A
FIIGH TE D AMREMEAFF D, o BROTRFEN N T & 135~ D HHR
B SH U LET 1T &0 S 22 B R 2 Fro, & 6 IR
& & LET &9 MR SN 2. C ., SERRICRIH FTRE 7R o flik AL FE D
Z < IFEERIINTB L, ZEREEIC L VERO o . B REKHT S

k-
F

(51 o> 'Th %> Ra 72 &), WLV C SO o S Bt e
B = L IR0 o AT B BRRLE D bIREIICHR T B,

WRREFHILT 7 F =7 235000 ' Th I H L, ?'Th 28R

BT St B IS  PTTh-EDTMP 225 L. < 7 AN TO gl
ST A B A & RO VR L L, - R B it o [T E

%3 PRaCl, & OREFHT 21TV, 2 Th-EDTMP 0480 O X =
DENMEZ R LTz, ABFZE CIREEBMEIEGET VT v b2 ER L. -
*'Th-EDTMP % I 72 1R%&1T 9., R 777 =0 A RIBH

2. WFERE
2-1. BEBET VT v FOERK

Sprague-Dowley(SD)>%2 7~ b OFLFEMIE MRMT-1 1X[ER 7 v NOFBHNICEMT 5 & BHNT
HE LRI 22 B A TR 5 2 & T&E D, AFEBRTIX MRMT-1 % SD %7 v MeEfEENIC
3x10° fERAE L BT T LA 1ERR LTz, TEE ORI X 2 BB OB R OMRICIE X MEHE L)
W 2 RO PEE SRS, ™ Te-HMDP % AW =B v F 75 7 ¢ % vz,

2-2. *'Th-EDTMP % JH\ /- 5 M IS e O WaE

BEBET VT v N OIERR A TR LT-1%.250kBq/kg (K E D ' Th-EDTMP % )2 kM H 5 L=,
*TTh-EDTMP D¢ 5-jiiH> b e 5-4% 3 B £ THRIBREINCIGIRR R & Btk 207, 1RO
(ZIINESEAFERIE, von Frey 2R RMEZIT -7, BMERHMmICITAEERE, mEREGHZ1T 572,
von Frey AR aBRILT v O EITHMONE 2N %2, 2R 2 M+ 23R C¢h 5, von Frey 7
4 TA NET Y NORIEICEEIZH T, 7 v MBEE BT DHEMAIEOBIE (= =— F > THKiD)
ZRE LTz, AT Cl3hA K & BB D& 5 o RIEOBHRIROBIEO LA 2RO, £-, &
BRI~ ' Th-EDTMP OEFE A HeRT 2 7= 012 2'Th B L OMWERERS T 2 yfixk y A 5
T LT,

M2 FEBETALT Y FOXWREE a2k g bAIRE oLEHE
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3. WAL
3-1. ‘BHBEET VT v hOVERK
X MEEORERND, 7 v MIAB VM EBhE% 3 B CAKRE R LICEEB L2807, &6
(ZRhith 6 M CIXISE ORE N R, EEEEZ XX DT-OICPFENER L TV OB MR I
7o (1X12), FLAS AN % A2 B R A Lf:ﬁi“ FREEIZIZ PBS % 10puL % 5- L7, 212860\ CTH
REICEAED A NN LD ERE
AR AHIRE & B & ORI EA/ER 0)/1’%%

e%z b, X3 EERIC ™ Te-HMDP |2
LBy B AT ERT, P "Te-HMDP (%
BRI AW TEHE OBZWHZ AV DD ik
%‘J’lﬁl:%uuf&)éo 'E"frﬁlﬁg j:'EﬁB@*M_L
OB RADNERIC 2> T Y BITOER | §uesks attor MRMT-1 imfection
’@{’E’%’Z’J‘%/\/K?ﬁ‘j’)ﬂfb \50 L2 T 6 hrs after °°*™Tc-HMDP(37MBq) injection
IR L0900 P Te-HMDP [ F AR
DIEF LA OBV D, B
BT T VT v OB NI
PUTe-HMDP 2MERE L TV D D2 B T &
Do L72iio T X BRI K 2 BB O
B R Ly B AT EAVE ;??‘I? BEaEL N e e '

"o HMDP OSEFIT S 5 HEREI R D | | ?Bviii:ea"flilfmrmvﬁ I:I:T;?:tlon !i!!wiﬁi Eg‘i!%

semTc-HMDP

3 days after 2’Th- EDTMP(1MBq) injection !

ZOEFANGEBRETLE LTHATH b il n HERECEERdmer-<aERiE
AT ENTREINT,

3 BEBET LT v bOy U AT

3-2. *'Th-EDTMP % H\ -85 P G IR O MiaE

*Th-EDTMP 3 2 BHABERALICEERE L T D 2 & 2R 5 72012 ™ Te-HMDP THRiICE
WML A TEER L= E T /LT v T IMBq @ *'Th-EDTMP 2% 5. LTy B A T THREEIT 17,
*ITh-EDTMP O# 513 P"Te-HMDP Z#¢5 LT 2 BRI T 7272 P"Te 1T H4E L T\ 5,
TTh i3 o DORHEE DR R X —D y & T 5, £72 2 Th DM L2 % OIREFED *Ra
R0 D% OUWREHE B AR L X —y AT 5, K3 THE 2 Th B LOMERIC L D y I A T
% TH 5, P Tc-HMDP & [FERIC SN ~DERE D HERR S 47z,

TR ERR TIXMEALEREIZ 6 LT " Th-EDTMP 5 HE ORIz B R Sz, (4) Lo
UNESHEFEAM G R4S D ey o 12, o BUITRERANE 2 0B R R L 72 2 Th 02 DR
MO END a T EEDOESICRE SN, L UEES a ROREL D L RENHEDOTH
DA, EBET~ORIITITE 2V, KERTHWZEEEET VTS A E B L T o
3 EfE% (2 ' Th-EDTMP %245 L7z, Btk 3 B TS ITE 2170 L TEAA~=E LT
72 L7235 TH R TO o #ROBEHN L0 ERERD RIS DI K, EEOREEITI 2 &
WTERDSTZDOTIERNNEEBZ BND, 5. LHAAMKEBHLL T2 5 ' Th-EDTMP % £ 5-
THETOHBEHRNTHTETH D,
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30 T 12000
il Control (n=6) T il Control (n=6)

-Or 22'Th-EDTMP injected (n=5) -Or 27Th-EDTMP injected (n=5)
25 10000 [

8000 W |
6000 T

4000 %// T

2000 é”

21 28 35 42 21 28 35 42
day after tumor inoculation day after tumor inoculation

Volume [mm?®]

X 4 PR FNh R & RIS AR

270

140
250 120 4l Control (n=6)
- O Z'Th-EDTMP injected (n=5)
o 230 3 100
= 2 80
5 210 X,
© o 60
= 190 Q 40
-li}- Control (n=6) =
170 -O- Z'Th-EDTMP injected (n=5) 20
150 PSSR R R 0
21 28 35 42 21 28 35 42
day after tumor inoculation day after tumor inoculation
160 1000
— 140 800
3120 )
2 100 o 600
= g0 X .
2 60 9 400
s 40 + -l Control (n=6) 4 200 - Control (n=6)
o 20 | <O #'Th-EDTMP injected (n=5) O #'Th-EDTMP injected (n=5)
0 L L L L L L L L L L L L 0
21 28 35 42 21 28 35 42
day after tumor inoculation day after tumor inoculation

15 *'Th-EDTMP #5405 v FORE T L O ERE ORI Z L,

2RI L2 RE R 2 5 1R d, REOZITR b h o7z, JRILEK. BEK, /M3t
MEREIA L, BEBET VT v P OEGHREARE <7257, Bl 6 IR TOERIT
fEBLR 2 DAT 5 2 LT TERY, L LIMEREANEAD U724 R ORE R34 S IEH 7 > Mt
L AT et BR OFE R A S L TR Y | MEREIA 1T 5 BIEINCZLT 5 Z LTRSS,

4. &0

AERAFFETIEL ' Th-EDTMP 12 L B EEBME B IS 54 5 B Fgh 5037 S U7 )N s Ha sl
WHEIIRIT A SN o7, ZHUT a BROTRFE L 0 & REVWERREOIEZIC S L TR Z2 S8 hv»
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B2, A%, BN CIEGHEEN S S FREDN D FIIIREEZBGET 52 L1280, o Fo
FFOPEE R A R E D DO TIE RN EE X TS, T2, FEAOFHM CTIX von Frey 20U 7 aklR 2
Tol=2N, FEREDO LN FEBRE RO L WD AEEERH 5720 X0 ZOHFIEITERT 5720
U3t A O e RBLIHREM A S AT 5 Z L 2 MFT LT b, EBRAFIEOH R LV, LUTFOME
ERAIT D2 LI L DICA B L AREIZ a SRS K DI R AR CE D LB XD,
1. B IR & 2 Th-EDTMP #%-5-053 o fioi b O fast
2 *ITh-EDTMP & *RaCl, & DIGHN RO it
3. *TTh-EDTMP & B A 7 4 A 7 4 F— hBIA| & ORISR O it
4 7 v MENTOMIELS BREOFRE L &~ &7

5. ZECM
(1] Lewington V. J., “Bone-seeking radionuclides for therapy,” J. Nucl. Med. 2005:46 Suppl.1:38S-47S.
(2] Medhurst S. J., Walker K., Bowes M., Kidd B. L. , Glatt M, Muller M., Hattenberger M., Vaxelaire J.,

O'Reilly T., Wotherspoon G., Winter J., Green J., Urban L. “A rat model of bone cancer pain,” Pain
2002: 96, 129-40.

(3]  Mulford D. A., Scheinberg D. A., Jurcic J. G., “The promise of targeted a-particle therapy,” J. Nucl.
Med. 2005:46 Suppl.1:199S-204S.

(4] Mundy G. R. “Metastasis to bone:causes, consequences and therapeutic opportunities,” Nat. Rev.
Cancer.2002: 2, 584-593.

(5] Ogawa K., Mukai T., Asano D., Kawashima H., Kinuya S., Shiba K., Hashimoto K., Mori H., Saji H.
“Therapeutic effects of a '**Re-complex-conjugated bisphosphonate for the palliation of metastatic
bone pain in an animal model,” J. Nucl. Med.2007: 48, 122-7.

(6] Washiyama K., Amano R., Sasaki J., Kinuya S., Tonami N., Shiokawa S., Mitsugashira T.,
“?'Th-EDTMP: a potential therapeutic agent for bone metastasis,” Nucl. Med. Biol.2004: 31, 901-8.
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7. BUNBRTEEM - 7~ LTI D DNA B 15 OIEEHE O fig i

Study on the Repair Mechanism of Ionizing Radiation-Induced DNA Damage
in Tardigrades

EiNIPN)
Daiki Horikawa
ACHEE REF R e M ERBR B R A 72 R

Graduate School of Environmental Earth Science, Hokkaido University

Mg

7 DL, BEHRRIC R L TCHRDIMEZ FF R LN TV S, L, 7~ A v ORURRRimE
BEXZDADZALNIEL ORMTH D, KR TIE, Tr~vfEHFICLY, 7~ DNA O
THHUIWOBENMTON TV AN ERGET D720, £7. EHEHUMNEZLIE, aA v T
vEAEEHNTGRE L, 2 Ay 87 v EBA O/, 7~ A2 TlL DNA IZHFEET H 4 )
JEPFEL, T BSHREEMD DNA U2 X 12< < LTW A AR R S -, 6
12y 7~ LY DT ORISR 2 A4 2 BRI R 2 VBT 5 729, *He A A
ZIRIE TR E U DAL L=, ZOREE, 5000 Gy © *He A 4> % WS S AU E{E) S T
BREGLFENTE,

Tardigrades are known as radiation tolerant animals. However, mechanisms by which they can resist
radiation are still unknown. In the present study, I tried to detect radiation-induced DNA double strand breaks
in tardigrades using comet assay. The results from comet assay revealed that there are proteins that strongly
bind DNA in tardigrades, implying that such proteins prevent DNA from shattering by ionizing radiation. |
also tested whether tardigrades produce their offspring after irradiation of ‘He ions in order to gain
super-radiation tolerant strain among tardigrades. As results, viable progeny was produced from the

tardigrades irradiated with even 5000 Gy of “He ions.

1. #FFEERY

RBEY - 7~ A VHEIT, RBICEBEBINDE, KALLKSDOIFEAEE RN,
“anhydrobiosis”(cryptobiosis) & & ILAL D HKREIZEATT 5, anhydrobiosis KEED 7 = L UNZHUKE G-
25 &, WokL, JEOIRERRREIZER 5, anhydrobiosis JREED 7 ~ A UHHIX, +151°C DR, -273°C
DIEIE. 6000 5L, AHEEE & fa RAIREREEIZ X Dt 2 "3 2 & mbinTnsg (1,
I INAZEBIT D 2D X D RBREEMPERE NI OV T, 100 FELL E RIS S TN, 20
MO BB BT 2>V CEe DRMOF £ TH -7,

7= DUITET EEBIT LT OV E RO ER M LT\ D, ZOGE, 7 v ATV,
anhydrobiosis tKRED A T2 < | WH OIFENKAEIZIHB VT H, B X% 5000 Gy D X ##, 4400 - 5000 Gy
DA ~<#t, & LT 52006200 Gy @ He A A4 ORRFHIM 2 52 FNTZ5  (2,3],

ZDEIT, I AIREDLD TEWHEBNIE AR OB & LT, SfEOHHIC LD
DNA O _HHUIW 72 & OBG A | SIRANMEE T DN FET 5 2 LR s b, ZivE
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(2, HEHRIZ LD DNA HBIEOEEMREIL. EISME O—FE Deinococcus radiodurans % €7 VL
M LTRSS TE 4], L L, 7~ AVHED X S 2L MlaEMIC 31T % DNA E1EERE T
D. radiodurans TOEEMIE L 13X, £ RRDAD=ALTHDLZ ENTRREIND, Thbb, 7+

LHRIZEIT D DNA BIEMIEZ D 2 Lid. @AW 2 B RS O rTREMEIC S 72208
HH0EBbhs, ZOZEEHEEZ, AFRTIE, 7LV O—FTHDL VAR T~vI <Ly
Ramazzottius varieornatus % AR TE @ E AW OET /L & L TIEH L, & O DNA 85 DOIEE NS % /i
HTA5Z L2 HBET D, T, VAR Y~ I~ L%, @AW BT 5B R R 2 B
T DHIODOHERRETNVE LT, FERNICEHIZRE ST H70, RREIZBW T, FROEVRES
FRIMEE 2 A9 2 BRI M R 2 ER T 2o

2. WHERE
2-1. R varieornatus \Z33\F % DNA —EFHUIWr O H

ﬁ%ﬁfi\W%%@%L \7 %5 DNA " HEHUIKNIZ X 5 DNA OB h bz Rl 5720, 24 v
N7 A EEIToT, £7. IGENIRED R varieornatus (n =5 - 8)IZ, 0, 500, 1000, 2000, 4000 Gy
D PCo H = #3402 KeV/um) & R U=, WIREH OfE A% phosphate buffered saline(PBS, pH 7.4)H"
IZTH H— f@%b AN 2 2B U 7=, HIARSRE PBS 50 ul & 2% afarose-LGT GP-42 (Nacalai
Tesque)50 pl ZRA ZDOIREHE 80 ul &, & 50L& 1% agarose GP-42 (Nacalai Tesque) T2 —7
AT LT ATA I\“ﬁ TR F L, MDAT A R T ATH L FA » FIRIC U OKIRTHED 7,

ZDFLD I ég_WMMmuﬁTmMQ%m%ﬁTL ko X 9z KL TOKIRTED
to&_\274bﬁ7z%ﬁﬁ 4°C I THINBIRARIRIZ 60 43[Rl L7, 7ads, Mlalafiii & LT
. & XY B OV OFIOEERIE A(2.5 M NaCl, 10 mM Tris, 100 mM ethylenediamine tetraacetic
acid disodium salt, 1% sarcosinate, 0.01% Triton X-100; pH 8.3)& 2\ %, &) DIRWIEFEE B (1%
sodium dodecyl sulfate (SDS))?D 2 FHEDIRIK D EH H03% H o, £ D% AT A RIT7 A% TBE(90
mM Tris, 2 mM ethylenedlamme tetraacetic acid disodium salt, 90 mM boric acid; pH 8.0) Ciii7= L 7= ¥4
VREDREICR L. BEET, 4°C 1T, 50 V T 10 /3 [HPkEh L7z, vkEhig&, AT A FHT A% 70% ethanol
210 3R U CHEE L, JARE L7z, JAFZ L7247 /U2 SYBR Green I (Cambrex)20 ul i ' L C DNA
ZYuta L, a0 GRS (Axio Imager Z1, Carl Zeiss) F CH L > AfFE3R x20 [ THIZE L, BEEREY
1To7Tz, SOz migIE, V7 v =7 (Comet Analyzer 1.5, You Works)|Z CTHENT L 72,

2-2.  R.varieornatus \Z 33T 2 BTSRRI R AT O

I AL DOHT ?6 K0 ROV R E 2 RO R AAER T 5720 AR AR L7z R
varieornatus 7)>O F-FRNE L D0 ERRET LTc, RIBRTIL, X o0 <A TED R O
VN *He A A o #4 FV-, TEERIRAESS X 08 anhydrobiosis YRFED R. varieornatus (n =57 - 78)IZ 0, 500,
F L TV5000 Gy @ *He A 4 2(50 MeV, 16.3 KeV/um)Z T L7-, 7e35, AREROMEHI I 7
H HOEERZ AWz, BE%ZTIE, BRICEEKE G2, 78 L IR O AN -7 agar IR
L7z, ¥z mABIsE L, FERTK L éi’bﬁgﬂ IEEN L, 28K & & BT agar BEHIICRE L2, £
ZHIOREXITIS T D EINE & AR AR A Frdk LT,

3. BRIERER - BE

3-1. R varieornatus \Z331F 5 DNA —EHHEIWr Ok H
AWFFRIZE ST, 7Ll aRry NT v BAEOBEAN, 91O TRALNTZ, H <R
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D R. varieornatus (2331} 2 _EHHINTIZ K 5 DNA Wr /b o alfi ki, ARV REIR OVafiE ) OiENIT
Ko T B R 2N B D ATz MRV A 2 O T2356, 0 - 4000 Gy DT R T OFEEXIZIBUN T,
tail VB SN o72( 1A), —F7, MBS B 2 AW o856, 4000 Gy OFRE#ZIZIZ- XD
ELTEIRD tail DB EINTZ(K 1B), LInL7R 5L, ZOHAIZE W TH, 2000 Gy £ TOHS}
IZBWTIE, a2 hr—LE OEIZ, DNA OBIZKE R2EWIZR SN o7,

AR B (1% SDS)Z W = A v N T v A EEIT S T2356 DA, 4000 Gy DR IZ tail
NEIEINTZFINE LT, R varieornatus \Z1%., DNAIZE O TR FEE T2 X o X0 BN FET
DAREMERREB END, ZD KD F X7 EIE, HIREARE A TIXIZE A EF I N h o7z
72, BERUKEN L THWT AL L7z DNA 23, taill DIZ/2 B oT=DEA 9,

F 7o, HlalEfEE B CUEL L7285 T, 2000 Gy £ TORKFRZICIZ- XV & Lz il AA B
RIS T2 R varieornatus 1X. OIS, FEHIRIZ KX D DNA “ESUIWNIE L A Sl
ZHRWATREMENE X LD, b LT B & R varieornatus OFHHRIMEIL. DNA fES D % o
N EMAISDRT DNA 2B L, “HEHEUITAZEZIIKS LTINS Z &Ik Tl LT
DO LIV,

e

4000 Gy; A

LS

4000 Gy; B

1 0 F£721% 4000Gy D H > < #piRE 1% D 7 ~ 53 Ramazzottius varieornatus (23315 % DNA =
Ay Mg, KT A28, 2HEEOMIERKR A (K1) & B (KT) ZHWTAR LT
GHEREYA AL Az 2.5 M NaCl, 10 mM Tris, 100 mM ethylenediamine tetraacetic acid disodium salt, 1%
sarcosinate, 0.01% Triton X-100; pH 8.3; AH&M##X B: 1% sodium dodecyl sulfate (SDS)),

3-2. R varieornatus \Z33\F 5 BB U RRII R AT D8P

anhydrobiosis tKAEFS S OVEENREEIRBED R. varieornatus \Z *He A 7> % MREE I, HEREKHE A%
BELIZE A, MIREEE b BREKIFICPEIEDNBA 3 M8 B o7z b DD (X 24), TEE)
WHEDLE 13 500 Gy 123V T, anhydrobiosis HREEDHA 1T 500, 5000 Gy DVNT IO EKIZISU
THEIN L LA BIZR SU7=(1X 2A, B), F#lZ. 5000 Gy & OREED A 4 #i % WS S - s
MDA T HRE IR LT 2 L BHERR ST DIE, ZHVE TICHER 72 < AR WD TTH 5,
5000 Gy O *He A A > & RET ST B BAE U= FFR1%. BARHINC TRV VISR 2 F > F 3
BEns=d, BE, ZorReipsts, ZfbziT-o T 5,
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A B
9 ) 8
&E 8 O Anh R= = 7
0 = 7 B we '5 = 6
S -E 6 ‘5 E 5 w
S22 s = 2
T o 4
2E ¢ °SE
g m 3 Y
s 8 2 2 2 2
it Nn DESE REL By
0 V. 0
0 500 5000 0 500 5000
Dose (Gy) Dose (Gy)

2 Anhydrobiosis K& (Anh) 3 X ONEENIKEE (wet) D7 < L3 Ramazzottius varieornatus ~~0
He A 4 BRI IROPEINEL (A) EPEMFER (B) (252572, 7 A7 U A7 X, anhydrobiosis
KRB LVEERRRED 7 v — 7 BT DA E 2% 7" (chi-square test with Yeats correction;
% < 0.05),

4. £&0

ARFFETBN T, B Z D 7 ~ 5320 DNA HERHEZWD TRATZ, T A Y 8T vEA
DFEFEING ., 7= AT TlE, BEHRIC L 5 DNA OUIAE X I WEMIR -, 5. ZObj#
BEIDMINZERET A0 EdHET 5 & & b2, DNABEEINZOWTHHGEEL TIT TETH D, £
7=, AWFZEDS . 5000 Gy D ‘He A A > % JRET ST EED B FHR 2B L HICRh LT-, 41,
DFADN, &0 DT TROEHRINE 2 FF O ERGET D728, S BITHESHRRS 2170 bR
ZATUNZ,

5. WEE
AW % 2ATT HIZHT=0 . BRI FERREEE~ 1 7 v v — LlaREEsE 7 L — 7 0l
TR, PR, EEEITR, IRBREZR, ERRFEE TR O BIR R, A SR
WA FRIE N CIHRE A W=7, ZORZEY TEToHIcH#EL2RT 5,

6. 5IHCHER
(1) D.R. Nelson. Integ.Comp.Biol. 42: pp.652-659 (2002).
(2] R.M. May et al. Bull. Biol. Fran. Belgiq. 98: pp.349-367 (1964).
(3) D.D. Horikawa et al. Int. J. Radiat. Biol. 82: pp.843-848 (2006).
(4] V. Mattimore et al. J. Bacteriol. 178: 633-637 (1996).
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8. MR « MRHIFE T Ritiar & Hig L7z
0G0 B DO HEERSE DB

Development of Bonded Semiconductor Device
for High Counting Rate High Efficiency Photon Detectors

FREFARR
Ikuo Kanno
HABR R B LR
Graduate School of Engineering, Kyoto University

Mg
X MOTHNF—ZRETHI LT, ERDHNICBIT IEREREE BIEL TS, Z07HIC
X, BRI T X —IED FTRE AR B SRR L BR OB N ML E TH 5, £ 2T, EHO¥E
REREA L, X BROWIAE & BHHE & 2 b - itias a2 8UET 2 -0 O EHF7E & LT, Si®
P BAT o T2 856 Si O Sl ARV R 2 4 SisHEIC XA WE E ETAEE L2 TITo 72,
F7o, EESUED p B, n B Si OAEEIToTz, AL pnSi BTOX A A — KL LTOR
PUEIZ07MQ TH Y, SHRLHEHUEDR EXALETH D,

We are trying to decrease dose exposure in medical diagnosis by way of measuring the energy of X-rays.
For this purpose, radiation detectors for X-ray energy measurement with high counting rate should be
developed. Direct bonding of Si wafers was carried out to make a radiation detector, which had separated
X-ray absorber and detector. The resistivity of bonding interface was estimated with the results of
four-probe measurements and model calculations. Direct bonding of high resistivity p and n-Si wafers
was also performed. The resistance of the pn bonded diode was 0.7 MQ. The resistance should be

increased in the future.

1. WFEER

JRAFT7 « BEREAR OIS DO—>2L LT, X #f. T ~x AV ERZE, £ L THTHH#P
BRI W TR EDE AT e > TE TV D, RN AR I2 22 B2, JRFICR
T O IR L OB X N H T E 7220, X BERHRES CT A T & 2T 5 B ORHR(L A 5E
TEHEMENRD D, ZOROELIL, BUEITORL TS X BOBREIEIC X 2#RE Tiiia . Xt
DZANX—EREZFH LB EREL TVD[1,2,3], TFAF—FEREFHATHIZLI2L0,
IR LN FEHTE D RE LT o728, TRV —EZ SR TIT O NER DD, — 7,
PRRIATH D A ZEE LT XBRREEHIAR L XBE TELETEWVAIRTHET S L b,
ISR LTI AR AR TH D, EIRTOREICITREZEOWUUANENZ E BN E LS, I
KON ZERMBPBEE L TODMIERO X MEJET D2 ENTET, FHEREMETFT 5, 20



JAEA-Review 2007-049

MRS 2 Geth A iz 37212, BIAE R L &2 7V v RIZ X o THoEIT 2 8RR HaE L5
L], T7hbb, MK EEL$5 2 & TXMROWINFEREZELS 7508, XRozxu
F—W{EIZZV v REi@il LB DEIc - &0 G MICHRET 2EEICEL->TIT Y, 20k
D, 7V F—EBEOEMZE T2 EICkY . SHEEREAERT S ENTE S, HEKD
X MBBENRIED B H 26 TRIN S VE#E, EABZER LZHETH, L2 v R4
W L7 ERENHE S AL, [FRFZ 7Y v R —[2MR 2 B8 L T A MoE -, EARHCIE, ¥
Wh 20, 20X RRESRERET S0, BROFEREZEATIVERD Y, B
A LR CTE PSP ELOBEIN TON DI NERH D, ZD=H, £7°, pMSiEtnflsSi b
AL AR TR TEZRWEL, X TXMBRRETE D 2 &2 EET 5,

2. WA L OWER

RIETEVHLIEIC LD . @S UE p BL Si & n B Si & 2060 b5, RETEMELIE ST, Ar
REDOFVET A =AML > T, WE(Z Z Tl Si 72 & ONER)DFR [ OB LI &R & %
EL, WEEBET 2R FOVWbD 5B FHAETFEIEE L L, ZOWRETZSOYHRME 4%
BIHDLZ LR THEEEITO HIETH D, RFIEIL, 1996 2 AITHFE 4L, FIT/h &7 Si
FFERERSIVZAD BIZRETH7-OICHNONTE T, 2O, BEAHREDOHIZEN KA
[ZATDI, B FUE IR & RIRROBRE & FF5 2 & A STz [5]

e O HIE, BE LI EWRIUA CAR SN E T 2B ORISR~ BE S E 5 2 L2
HITH D, ZD7HIZ, £, #2657 O G 2 713 5 72 012, ELETiE Y 0.02 (Class 1),
0.2 (Class 2)3 LT 2 Qem(Class 3) n L Si 2 >, 3 0 OfAEHOE THEE Lz,

PG R OFMEIZIE, A7 Ly RIRPUSR)E, Bt —EBEA-V)iE, BRAE—BEC-V)IE,
ERAEIBIE T VE(DLTS)ER E3d %, SR IEIZH W T, B4 Lz Si WA CHID . Fm
EBEHLTHFLAA—TI|RPUEZRET S, 2070, Sz il Lz % Ic ik i tes & L
TZWARBFZEICII A E T 5, -V i, C-VIEB L O'DLTS #E1E, & bICHARFICEMEZERT D
WEDRH Y REEZZEEETT ==L, 5

2O RECHTHEBENET S R g e

XThbH, £7-. C-V k., DLTS LIz i

ik, ZZEEIS, REcEzEohic g

ANBUERD S, ARETRVSSivs & ]

N R R & 2% 0.5 mm TR g

LLEbDOThD, BZBERTHZ 3 .

LEREECH S, WO LS REENS, S e A S

ABFFRICI T, A ™ =~ 0 B L VI S P &

R — IR CTo 0 | Bk | B r (o ClasdonlD

BV BLER AR, 4 BEHIEECIE 0 sttt

B A RIE L. = OfE A F T R Temperature (°C)

BIURE RIS = & & LT 1 0.02 Qem(Class 1) & 2 Qom(Class 3)0
Class | BELO3 D n M Si 2845 L. Fik R = R (2
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225 1000 CE T, 7 =—/L LEERICHIE L2 IRPUE 2 X 11277, JIEIL, Class 3 @ Si 125
FAEYTTITHo72, Class 1 £ 3 2A LR A, B, C. BXUD OikbufE &, Class 3 @D Si
Z—HCCHIERPUERIE Lo/ R, 2 L THEARESERIEOSGE ORTEZ R L Th D, 4 #
DEGHRFOPF T, C IFTHERE S RmAHEREIES, 27 =—VREZZEZ THED
B ol, ZOIENO A, BZ LTD X, S TlE, FmOEPUES /NS W EHEZRTE 58,
7 =—/VRED 600 ‘CLLETHREDHERRIKIZIT S 2o 7e, 7 =—/WREA 1000 Cl27e 5 & i
HAERHUEDR /NS o Te T B D,

SEH I E OFERN D P EPUE OB X F OB (LITHEE TE 208, EBIC R E L HUE o
ﬂE%JETJI/EJr%%ﬁHb\TaWﬂﬁLf:o ZDOET
JUIE, Class 1 & 3 @ Si DZFNEND 4 St

I MM OB TTETUH L L. .
. it~ . ll IT
LT Si %2 OB L7 M a 5 i

b
TEALTWD, £, REOERS -0 b ; _-_ ,-_;_;_—__‘f w
TROEERGICE N5, ZOEFLOMH 58 gl ; w
§ ™ = W
M2 2 123, Z ORUMEFLUCT 5 Bt B e . ’
B ELE kT OWRIE RS = b TR :
Class 1 & 3 @ Si Z#5 L72%A 1220 T, , b m

S ERTEOREE LCofERERE 0000 AMAAVWA---

X 3R T, K3 EX 1 & OO EAKHT m ______

B2 S, R RTUEZ 5 Z L A TE

%, Bl LT, =i/, 900 CE L1000 CT X2 #4 Si O@uEfEERIET L Eb)F e
AL L 7= % o fm b EBUEN X, F e A > 7 OIER O BRI,

100 Qcm, 8000 Qcm, % L T 1000 Qcm &

FMMTE D, 2o X oI, FmEm o > _'_ o T
fERHE A2 fENL L, #2851 600 ‘CREEE T

7 m B & RO RS K 4p|—_Class3onl
- | — — Insulating
% Z L5y inoT2[6], F |- Ideal
3

WIZ, X ERETCE L28E SiFE 4%
BWEST D720, EHEPUED p A 60
kQem)F L8 n (2.5 kQem)D Si #4EE
U7z, bRCoo S e BT iE O ARG SR )
O, 7T =— L EATORUVIREED 73 i i
PEARHUE AME N 72D, 7 = — LI L oo 0

Measured Resistivity (QQcm)

& Si R ITHERIIMEEMR A BYE L -V JE 10 10 MZ-m? 10" 10
- N Interface Resistivity ((2cm)

EiTo0z, ZORR, M4 IRT LI

HEREPEIIERR CE 7o, L L b FrtE

NERWETEIZBNTH 0V (T

3 FmbbPUEORE L LT Class 1 &
3 OEEE Si RO I HUE,
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MOHRDI-Z A F— & LTOEBERK 0.7 MQ Th 0 e s LCTHF BN A F
— R EF e b2hot,

PLAT AR AR BUE( & 10 mQem, n 7 32 Qcm) 3.0 r T T T T
O pn HEEEEYEL, A REE T =— L 2.5
72OLOFEFITIEPIEERE BEL, -V HlE 2.0
EiToTo, ZOEE 600 CRL 900 CTTY =—/v < 15
Uik F ORI AL, SO A A= £
R &L COMEIL 5.5 kQ, 24 kQ Th o1z, g 05
T =L LRWESETR 400 CT=—11n © 00
H DRIV R 2 R S 7275 72 [7], MIRFIE,
EFOBEC LD b0 ThE, LELTHE, [ T
Lol SFEOELEIUERS Si £ 108 _1’Q30 _zl() _1I0 (I) 1I0 zlo 30
RE2WEHD L FEOEKPUER &V, £ ) Voltage (V)

ZEMBWE A F— REHE AR T 72D ICAKRE

X 4 ﬁtt*&ﬁ{ﬁ TF'J\ nﬁ']%/_\ Si ?%%
72D TR, LEX TS, Al p == Aty ) =

DR — R,

3. F&0

B RHECRE A RO X B L X —E AR a2 B 3 5 EAEF R & LT Si OB EITo T,
P25 Si OWIRPUEZ 4 Mgt CRIE L, B7 VRIS L0 Rl biiiE 2 Rz, £z, @ik
PUED p A Si & n U Si & 2HES Lo, #6 Si R FICAVLEL A S TICEMm A ERR L, -V HIE L
[Tolnb ZA, FAA—RELTOEPUMEIZ0.TMQ ThoTo, THULSi g ETDITiE, 12
HHEVMETH 5.

iR X5 e E Uiz £ O R ISUE pn #25F 7Tl X BRENPREETH 5720, BIfE,
Slafis, @EEEPED p B X O n B Si 2 W85 217> TV D, £ 30 BEREDCEASZ T
MTEKIZ, 400 CTH1H 1000 CETOFRIMETT =—/L L, ZD%, fithasd LTNLT 5,
IV HEZITV, FLREFEHNT, XBAEZRARD,
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