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OPERATION RESULTS AND UTILIZATION OF NIRS CYCLOTRON

o RIS dtE BA ORI B BR RAA SHAMES %F £ EE s8°,
B E—° b B ® AR EE° HA HF

Akinori Sugiura®, Satoru Hojo”®, Ken Katagiri®, Katsuto Tashiro”, Kazutoshi Suzuki”, Akira Goto®,

Takanori Okada®, Yuichi Takahashi®, Ryuji Nakayama®, Toshihiro Honma®, and Koji Noda”

A SR ERR AT EMERFER St U2 — BT 2L
PLMERIVC=T I BAEM

W=

TR E PG JERT O A 7 1 b e IS, KBS 7 v b a (NIRS-930) & /Ml 7 1 ke
VHM-8)D 2 EDH A 7 u hu L BRESNATVAL b 2B0F A7 a haid, K&i kT
TNHEES BE— MR EIT ) T ENTE TS, /MUY A 7 v b v TSR o BE - AFsE s I,
KA 7 v b TSRO BLGE - 502 OIS BRIFSE, R AR A O BHSS . B F#RIC L 5
HERBR, AW, ARt — AR Thbnl, KV A 7o br TR —ARB BT TEY
FRHEG B— 2 & LT 40 MeV HS 1., 30,33, 70 MeV ~U U A &EH-ICfg Lz, £7-, KAV 7o
b LTI 2 R, W O E— ARGEE AT, # 18 FT - 72,

KBTI, ok 24 FEICHI 5 2 BOYA 7 1 b b2 OFEIRIER SRS, AL
THET 5.

1. X¥Yyqs70k0Y
1—1. EiERE

R 244 FE D REEARE131936.2 I CTo o 7z, NERL 1~ « =)L X —RI|OEEARF M 2 Rz, N
BB OIEFRLFERE & 2 K UTR T, IR « = 3L X —BIOEERREM Tk, B BRER o R - i
FEICHIH & 530 MeVEG1-23439.7 FERE], 18 MeVE51-73251.8 B & 72 0 | Wy ERAfFge, K 1-Hfa g o
BAFE. Ri#RIC K 2 HEERER, W, AR e — A8t & Vo IR IA W0 B TR &5 70 MeVES 1
723299.0 KffH] L 7e > TN D, ZDIDDTHKAF—DG N FIHINTEY | MEERR ] O Y255 % &
HTWB,

SR BEERRE R R A Tl AR A o il - pFEC B EBRE T EICFIH SR TW AL
67.8%% 5O TUVN 5, Z DM ORI TlE, KFES1133.4%, BT 738.4%, ~ U 7 5 H314.3%, [RFEA30.6%.
BEREENPIBDRZENLI%, BENLABDOEIS &> TS, BRFOFRIH B2 Sz o0 T, &0 1
BROMBHOIAIZZIR T 5,

1. IEBLF - TRILX— 5 B EREERT

B F AYry L RE
IrILF— | EEERE IR)L¥— | BEER IxILE¥— | BEER
[MeV] [h] [MeV] [h] [MeV] [h]
80 91.0 75 45 1 72 10.8
70 299.0 70 403 (13C) 143 10.3
60 375 60 15.8 (13C) 117 11.0
40 40.3 33 523
30 4397 30 109.5 B
20 46.7 28 145 IR)F— | EEFEE
18 251.8 [MeV] [h]
14 28.0 EEF 128 3.7
12 79.2 IR)LF— | BERFR 96 80.8
[MeV] [h]
KESF 50 10.8
IRIILF— | EEERE 40 28.0
[MeV] [h] 30 101.7
27 65.5 15 229




1—2. FIAKR

FEEAREE 0 1936.2 FEEIOFIANR E LT, FIH BB OERRH & 2 0HlIG %2k 2 12, FIHER
B OEHRREEIA 2 X 2 1R T, EBHNTH D HEEIER O RYE - BFFEIC1T 681.4 KR OEHAIFR 7324
Thhie, ZOMIZIE, PEFZEIC 303.6 R, KL T-#Rk Hgs OBHFEIC 28.8 IR, K 7712 X HHEER
BRIC 90.8 IFfH, AEMWFSEIC 64.4 RFfH, A K — L2462 186.9 FFfEIFIH S e, F72. £ E—AB%IC
573.4 FE[H, FHRZ2REIC 6.9 R A E S ST,
RIEHRFRI N D DFIE THD &, BB XE U3 L7225 35.2%05 3R o fld - ffsticdh ToHNnT
Wb, RERICBRBLE U3 £70% 29.6%703 817272 B — A= R /L F — OO, B — 20 DK
BOT-DDOPHEEIRICH THNTEY, DD 183 NAER e — At 2 S22 A BICH T

3.4%

D=

0.6% .\

AN L

14.3%
ELopa

KESF

133 BR
1.1% | 4.4%

a
67.8%

B 1. h0E R F BB R R B &

% 2.3 A B 893 E x5

B B9 B B [h]| B & [%]

(1) MEHERORE-HE 681.4 35.2
(2) HEHE 303.6 15.7
(3) FMIFIRBHBORAHE 28.8 15
(4) HIFRICKLDBIEHRE 90.8 47
(5) &Y% 64.4 3.3
(6) HHE—LIZ{H 186.9 9.6
(7) E—LE8% 573.4 29.6
(8) MEHBEEAITE 6.9 0.4
=X 1936.2 100.0




MEHRE 2BIE 0.4%

E—LBR
29.6% WE T
o E‘_L\ 1=| ;t
A - =1 \' BT
15.7%
YT — \
3.3% PIFIRRHIBRORE 1.5%

R FHRICKDIBIGZAER4.7%
B 2.5 B 0B B e A A

(1) BHEEAORE - iR

T PSR E DB - BFZE[2] Tl #OEEEIE O 35.2% T 5 681.4 BEFINFIH Sz, KT =%/l
F—RNCEER LRI AR OFIG 2 X 3 12T, FIHRRZRFallcBEa a2 75 &0 B2 67.7%, K
FTN83%E T o TND, KFEL TITRBEZICEE & L TR LTS 7, B rIc X2 %2H
ELTEFIMILT76.1% L 72 %, LS ORIATIiX, EG252.2%, ~VU 7LD 21.8% & 7> Tno, [
F O XX —ROFRIIL, MC. BF 0BTV B 18 MeV 78 28.2%., %2Zn/Cu ¥ = % L—
2 DEIEIZ IV B AT 30 MeV 28 34.2% & 72> T 5, ZDOKEFETIE, 1 ofliEic v bz 27
MeV /K35 775 8.3%., Mg OELEIZ VY H AL 75 MeV ~ U 7 AW 6.2% T - 7=, BT IR 4 B4
L7z X —%, b B E IV S 4072 40 MeV ERE 778 1.7%., At O8I AV H 7= 30,
33MeV ~U 7 AW 8.9%E 3.4% Th o7,

75MeVA L 6.2%
60MeVAII L 1.2% _12MeVE5F 5.3%

33MeVAIJ L 3.4%_
30MeVAI) T L 8.9%

28MeVAIJ T Ly 2.1%.
A0MeVEGF 1.7% ——

15MeVEGF 0.5%/

27MeVIKZE D F
8.3%

1y L, 18MeV[5F
21.8% ﬂ%% 28_2%
67.7%

30MeVFEF
34.2%

B 3. IS ERORE - MRICHTHHF - TRILF—BIFAEE



(2) PEHR

WPRIFZE Tld. FOEIERE O 15.7% Th 5 303.6 WEEINFIH S vz, WERFICIC BT DR « =R L
F—RFIHFEZK 4 17T, BirRllcHad &, A 57.2%, HEG12° 35%, ~U o A7 10.8%, [k
FOS 3.5%, EHEED 13 DRFN 7.0%, BEFED 17.8% & kx Iohi -0 FIH T 5,

WEATE CTIX, 8 SO~ A A ADRESINTEY . TNENOBE TR EINTR 1L =L
F—lIKDOLEEY TH D,

(T2 2 0 v~ HE ) [3] 14, 20, 80 MeV 51

PRZREER A2l — FE T AR O MIE | [4] 50 MeV R 7-. 70MeV ~U 7 A, 72 MeV R
[ERL 7R D A h AR 3 1) D FEhE BRI 5T ) [5] 96 MeV [z

(BRI D13 X OVER AR Wrimfg O E | [6] 40 MeV [51

[ PET K20 % IV 72 'HOECn) SO IR E AR ) [7] 117, 143 MeV BURHL 13 DR
[ R E B TR IR D 723D D M HATRE LI B9~ D P98 [8] 70 MeV B1-

ERTERICHT D5 T AR PP 2L X — 27 hLOT A NAIE] [9] 70 MeV B 1
[ ERG A oA 12 S < - R L —FEW 7V EOMF%E ) [10] 20 MeV B

14MeVESF

9.2%
143MeV13/R 3 3.4%
117MeV13% % 3.6%\\

5F
72MeVik % 3.5% 572%  40MeV[5F

20MeV & F
13.6%

12.0%
70MeV A L
10.8% 70MeVIEF
15.9%
50MeVE[SF
3.5% 80MeV[&F 6.5%

4. MEHFRICETIHF - TRLF—RFAEE

(3) HFHRRHB[ORAR

KRR 2R OB Tl HOEHRRF O 1.5%I2%7- 5 28.8 FEINFIH S -, R HEsic BT
HRiA c TR X —BIRIHAEE AKX 5 (R, FREIT 1R CFH SR E R O A iR L O IE
D= DO TFH RO R g OBRFE | [LUICRIH &z, R rlE 3 < T C. 30MeV
73 6.9%. 40MeV 73 13.3%. 70MeV 7% 30.6%. 80MeV 7% 49.1% & 72 > T 5,

;oMevﬂ%?L 6.9%
40MeViS+
13.3%
80MeV 5 F
49.1%
70MeV 5+
30.6%

B 5. BiFRERHBICETAHF -TRLX—RFARE

-4 -



(4) MIFRRICK HIEGHER

KR L B HERER TIE, WIEIREFF O 9.7% 124722 90.8 BRI & iz, ki+#Ric X 24815
HBRICB T DR T« =X VX —RBIRHEE ZX 6 12”7, 70MeV [51-7 2.8%, 30MeV EEF 125 97.2%
Lo TWNA,

AR O - RRETC L DR b 2 % THBGERA 72 & DN = A KSR B O R L
B9 2HF%8) [12]TliE. XU VO AZ—27y hERAWHHEAREO 7D 30 MeV EGF2FH S
7o £77. EBTHAT— g VICE#EZ TE L TV D EEE O BRSHRME 2 15 e e O M
FRVEREIC BT D HF%E] [13)1C 70MeV B 235 S i,

70MeV5F 2.8%

30MeVE[GF
97.2%

6. HIFHRICKIHREARICETHHF - TRILF—RIFIARE

(5) £MH%R

EMRFTE ClE, BRI O 3.3%I25 725 64.4 BRI 2NFIH S iz, AWMIFZRIc B ki1 « =R L
X—RIFHEE 2K 7 1R d, EWRFZEOREIT 2 38D 528, FIH SR F133_T 70 MeV 5+
Lo TUWNA,

OH 7 U VRO MEEER PSR BSEIZ EORERS L T2 0 &2l N T 5, B H-IEEHCE
B RE T 725 NKEESE F TOMBESER R [14]°, TRENICBWTOAY I RA2HAE L= Tl
RS OptiCell & 72 7T0MeV B0 /KHFIZB 1T AR S TR OIS L 54 R ollE ] [15]
NThbiviz,

7. EPWRICH T HHF-TRILX—RIFAEE



(6) AHE—LRH

AR — APRAE TR, RRIEREE 0 9.6%1247- % 186.9 K NHIH &z, ARl e — At ftickir
it =X —RIFIHEIG 2 8 IR T, Ak — AR S AR 1ZB5 F D A~ T, 30 MeV
7N 4.8%. 70 MeV 78 73.5%. 80 MeV 73 21.7% Cd -7, EICTHMRIC L D E SR~ DB A2 i+ 5
TOORH E 7o TN D,

3?MeVI§? 4.8%

y

- 80MeVEEF
S 217%

8. AHE—LRBIZEITAHF-TRILX—RIFEEE

(7) E—LBRH

E—ABAZEITIE, 5734 RS THNT-, E—ABRICBIT 2R « = x X —RIFIHES X 9
R, BRI A D & BB 28 67.7%, KFED 10 1.5%, FER 725 8.7%, ~U U A0 16.7%, FEHEN
5.3% & 7> T D, I, KRR ORE - IFRICB W TEEEOE WY = 3 b—F 8GR ICFH &
LTS 30 MeV B 113, Ti#ER KOV — AR A AT 5 BHE D B < IR D 34.1%% DT\ 5,

FTo, PR 24 FEDOFHI E— L L LT, SRR O RE - BFZE I 40 MeV E 51, 30, 33 MeV ~
ULk, WBWFEHIZ 70 MeV ~U 7 N EFTICHFE Lz, 7o, SR o BRI G52
72,60 MeV B 7-. 15 MeV EE 1% 10 p A DL LD B — ABRENHE 5 L 5 ICFHHE 21T 57, 15 MeV
EIIEAE 21TV, 60 MeV (B 13 th THh 5,

Z LT, HEEOWKRE - B TIE, 30 MeV B 7OEEE(LE BEE L T, \BEAFE—LT A Ok
ROEFER, 7T 477 a—T 00 H L E— A 0AmElE[16] %217 - 7=,

70MeVIEF
128MeVESZE 0.6%
5.3% 80MeV[EF 2.9% / ’

60MeVFSF 6.5%

%

96MeVEEFR VERRF
75MeVA) T L 0.5%~ 4.7% %
70MeVA ™ Ly 1.3%~ ‘ e
OVVBE o 8.7% 40M;V§|E:f-
341%  67.7% "1'é '77 ;* ’
30MeVAl o Ly

8.6%

20MeVIEF~ 12MeVIBF
0.9% 18MeVIBF 7.5%
10.4%

9. E—LBRICEITBHF - TRILF—FIFARE

-6 -



2. MY/ ObOY
2 — 1. EEEH

Bk 24 FEE OB T 1822.8 F Th o 7o, Ky HAIBIOERIH 2% 3 (2, Kiv-HEHIOE
EARFIE S &4 10 17T,

VB A 70 R m T, ROV —[ETE T 18 MeV B T & 9 MeV T T AMBBETRETH 5. 2 D,
18 MeV 51 OF| A AN FsEEzRE ] 0> 96.0%12 47 % 17505 I CH -7, F£72. 9MeV HE - — Al
KD RIAEPEN 22.0 BfH] T o7z, T OMICIE, FHIEEE T 18 MeV B+ 44.9 KFfH, 9 MeV HE 112
5.4 W LT,

£ 3/MBY -0 OBEGRR

[B5R8)
18 MeVEEF | 9 MeVERBF it
WETEERDEE - 1750.5 220 | 17725
FEEix 44.9 5.4 50.3
Eil 1795.4 274 1822.8

MEHEREAI O B - B HREE
EI5F 1.2% \ [ BFRUEBT 2.8%

TS R D B - AT
f&F 96.0%

B 10./0h B4 H0r0r OEEFREEE

2—2. FARR

NI A 7 a b v TS PEERR OB - BFERIE IR SN TV 5, HERFFRI DI & A ER
18 MeV B2 L% MC R BN, BF 722 & & F W - i A o B s - BFgRICRI Sz, £72. 9 MeV
HIBFIC LD B0 & O A o RIS - BFEAT -, 723, PRRERER CIE g AR X
WEZREITFE D B LR, WEEE/ NS 7o ba v ~E A LN 7 e —7 %2 W T 18 MeV
B K T 9 MeV B[+ B — A AR ESE 21T - 72[16],

3. ERA&H

KB L OV A 7 ba Tk, Y H D830 H17:00F TEHEAZ{T> T\ D, KV (71 b
AE. FIC2EIFEE O e BRI A T o 72, SERR2AMEEE I, RATI8El, 7% H110[m] o E18El o +HE A 1Hifis
EAToT-, B, EREFOEANR S H5AITITFEHICIRY 19:00% THEEATREE 72> TV 5,

VU A A DTN T CEE L TS, 2H ERICAANS8AETOE I M~ XA L%k,
7THEANZOAMNLIAFTOFENM~ v XA LEFHEL TS,

BEE

[1] dtf& 1B, EEA. AR B, BREA. #F . BHSH. BBE—. fIUEZ, B8 [E.
AEEE: WMEHY /-0 FOY (NIRS-930, HM-18) MIFKERE, 5 9 BBAARIMERFSFSR, 2012
8 A 8 H~11 H, KMrAFFZ 1, WEPS008



2]k BAX. AIMILE. BATE. 85K F. KELKE: EH24FEHY (/0 A OHFTA—
j@%ﬁ-ﬁ%~®ﬂ%h& Az p13-p1s

[3] %A #l. EHES: rMi%ia( BIFBHH U THRBIE, R5E pl9-p22

[4] EKkEs. %A #l. SHES BEERAFER_EMSEEREORE, K& p23-p27

[6] KEXKE. &k Bz. SHEXE: ERFROEYIEDEBEERICH T 5 ERYIERE, K55 p28-p3l

[6] BfERN. BFREA. FyrEH. LWARL. IERT. D584, B 8. SHES: RETAIC

BITEBEFHLVEBFERMEEDRE, A& p32-p3s5

[7] =pElE, BA MBI, B M5, SHES. $#A A, #8 & S PETEMZAVE HECHK
IGETEAERIE, AR&E pal-psd

[8] FAEtEA. EARE—, X TE—A. BERMRE. BFOBLX. NmKAF. HAREE. dHEE. KB
mic. TRE R, & BAH. kiF 1B, #F ¥ SREBTFRABROLOOEBREMEEIZET
B %, A5 p36-p40

[O] BITIEE. B A&, BBOKE. BHEE_. #A A, SHES £ATRICHT HEFAFFHE
FIRILF—ARY FILDTR MRITE, KR5S pa5-pa7

[10] #AEME5LA. FAEXE,. SHEXE. #E Bl REBEFHLESMICE DI HEFIRIILF—FHEAE
DR, A& p48-p52

[11] R¥EFEX. MR, DFR. DIRES: FERSROTEN TR REZRORMSE, K5 ps53-pss

[12] &Ex K. 7% . BARK. FEk $ AL, BEREE: BEEKMESUICOCIILER
MHEOMMETHRIZET 583, K5 p57-p59

[13] EEEZ. IBEH, DMIEK, EH @#@. AEEX AEHEBOMBSRERECEAT 5K, K
it p60-p62

[14] FLU=Z—. BEBER. LT B.F HF.EHFEFR. SFHEF. DAAE. BEBRF. LA @,
REEXR, HEFED BFREFICBTIREATLEL VITERET COMBEMESR, KiE p63-p6s

[15] Stefan Genet. BTEHZF . Chuck Yurkon. B&HEX. #R %, Ashley Romero. Paula Genik, Jt#f .
BE =, LR FE. MBEEN: MAEEEALS OptiCell ZR LV 70MeV BFHRDKPIZE T HFES
AEDEIZE DEMHRDBIE, KRS p65-p67

[16] dt1& 1B, iR &, EER. HATNE, AREA. #F ¥, HHESH. BBE—. flUE
AMERE Y10 O OHE - B, A5, p9-plo
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HYosooror0RB-ER
IMPROVEMENT AT NIRS CYCLOTRON FACILITY

e B A A &E BEA BX *IJEA HE AL ®E 2N
& r—lﬁB B B—° PluE= ZIKF'HEI =

A
Satoru HOJO Ken Kataglrl Akinori Suglura Kazutoshl Suzukl Katsuto Tashiro
B B

Akira Goto Takanori Okada , Yuichi Takahashl , Ryuji Nakayama , Toshihiro Honma
bMSHREFRRE ﬁnﬁiﬁ?Eﬂ?t)@-%ﬂI?%
SIMRBIUO=T I KkA A

M=

KA+ 7 a ha (NIRS-930) [1]Tid, Rl #iED 7DD v —AFE#RELEBIEL, W< 200k
BEIToTn5D, AMEEIIEICEEAFNE—LT A OB BEZEE LT, £7, BEAFNE—LT A
DEIENROLELZHIEL, E—A a7 —ORE LT TEREAFE—LTA NATT IV I~T
Xy NE2FTHEML, B — AR EENEML o XOHLEZE L KO ICHREE T o7, £, WEEEIZ
TUE LT — L7 v 7 Rx—F ZRE L, Bl ©— NBEORHIEN R L o7, BEAFE—LT A
YUSNTIE, v IR T 4y I Fx vk oA e he b REnH e —La0E=F—L L
TIT 4 TN T —T & E L,

YA 7 a hr TR, EREEASNNAR T 7 — T2 K55 B — A O ARREIZS S FiE
HG 1 B — A DONAREZ B 2 o7,

INH2EOYA 7 m ba BT HHE - FBICOWTHET 5,

1. XBH4qH9pobkoy
1—1. BEAFHE—LAS A VOBEDEORE

KA 70 ba OBEANFRE—LT A DA T 7 MNZK 1R, BEAFE—LT 1 2
I, 2 HOBENEML > XL 3HOBENEML > ANRFNEN LA TORBEINLTWD, Zb 2
XOEEINEM L > XOFEBHEN T0% LKL, A7 e he ol Sivd B — AER R T X
IRWERO—D L EZ bz, FEMEML XX, B — Aﬁﬁ LTAOFLEEDL EBEHIZED
VU ADIRPGE LN, E—L T4 L OFLEBEL WSS RSN EHLALTTLE S,
ARERRAEZZ T TV AOMREEEDLITIEL, B— Aiﬁ*@i@V/x®¢b%@%@fﬂi@%
2, L LS, BEROMBEAS B — LT A %, FEMNEMmL > XD BRI 4 oo~
T3y hOHZRT, FEMNEML > XOHFMNIE =22 BT ONEFICHRETH -T2, TDTD, 4
AT~ 7% > bO Lt & FHtC, ENENMES W &EREEm DA77V v 7~ 7%y NOEERELT
ST, £, MEFEERELI-E— AE;T AL E— ADNE LI OMERIZ V-,

ATT VY T< 73y hOHEHE%, 30 MeV B -HOAS E— AT, BETHEEIT- 72, HERI%ZO
SR AR VIR T, ERTCIEA A PRS0 RO FCN2 225, 238 & 3 EOFEEINEML > X
ZEiE L72% D FCN3 £ TORRITT0%E . 3E DL —LE2 AL TCWe, SEEALZ2 ODARTT
Vo 7<%y ML TR LR, FCN2 7°5 FCN3 £ TOXRIL 89% L kT H Z LN TE
7o P47 ba O LNIHEA 7 LI X —EBETOHEL, 51%05 5%~ ETDH I EN
T&7z, 5%, ZOB|MEAFE—LT AL DNRTA—=FTOV A7 a har~DAFEZITV, 2L
DY A 7a brTOME, B LI ELERL, MEShd v —2o0EmME{bx BT TETH D,



FCN3 0 E{RMRA

® [ L
cua HENEEEE

DHFMARMRTTI T T RV

QEHEMBEARRTTZIVT =T Rk
QR MIBETMARAT T T =T Rk
DEBRMERFRARTTYLT T Ruk

1 EEAFE—LSAVLA4F7 A
R1 BEAFHE—LSAVOE—LBELBEHE 30 MV BFAAHE—L )

- FCN3 FCN4 £V 0
(FCN3/FCN2) (FCN3/FCN2) ({v7V)-IFCN2)

- 150 A 140 uA 110 A

RG] 215 pA ( 70%) ( 65%) (51%)

N 124 uA 120 uA 105 uA

St e

ML 140 pA (89%) (86%) (75%)

1—2. E=A7YTR—2DEM
WEAERIE L7 B — A7 v 7 2 — & [2]% 90 R ERA O Tt (M1 @) (CF¥E L d Esl 8 A L

Tre ZOE—LT v T 32 —HFEFHATHZLICEY, I v X A LB 525 2 L7 SREAT N
TE, I OICHREATIZEST LI A2 KIEICHRT 5 Z ENRTETWD

A vy o OWEFERAZVEERE LIZ 110 1212 1/100 A » > = 2 HiT-1 %J”E L. TN 1920
T 5d, Zhb 20MAEHEIZE Y, 1/10,1/100,1/1000 D %f LGS FAIHE & 72> 7=,

1—8. ST470LTA—T
KA 7a barhbSNDE—NE, FET 7V I X, T X T4 v I TN, 777
4i/h2V7&%ﬁD E— LA T A NEASIND, INET, HET L7 XDOAOTE—A
EM AR LI2RIT, BE— Ak T A v ~AY SEUEMERAZ B T2%D 7 777 —5 v 7 (BSO)
FT, E—LEE=H—THENTEXRholz, TOD, ST RT AV T TF XU RXNETTT 4
FaLZ ZETCE—L%&FT 5720, 9747 Ve —T%EA L, BIHEhI e —a1%, 7
RT 4 v I F xRN EES T2 D Ch2 il Dee EMONI Z @B L T/ 7T 4 haLb s Z AQICE|

- 10 -



ETDH (K2, KEYA7a b N LAT7 T MERLE—LA8LE), D72, Ch2 il Dee AR
OWNERIZ, R 2R R AR O T 0 S NR N 2@ LT 7' e —7 24 A L Ch2 fil Dee H .00l ToD & —
LEREFHNT DT T 4 7T a—T %8 A LTz, ZAIHREROE I S Dee EMANH OIS E
— ADNEFE THATAICIE, 2500mm OE XD v 7 NRRKEL A, FO70, Fa—T~y R
DIXZEFEANO XV ZPIET D 72OICNRENE O L— A HIC A Re—F =257 (BE1),
7'a— 7O RILE S 30 mm 8 100 mm T, BREIEEFH X, 1 7 1 b a2 O (P b O FEEE)
T 1070 mm ~1170 mm TH 2, ZDTT 4 T 7 a—7%H = 30 MeV & 18MeV DR+ E— LD
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THDHZ ENBhoT,
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2. IZNIYsHoObkOY (HM-18)

2—1. fIB70—JICkHEBFE—LOGEAIE

WEEEE/ NV A 7 1 b o~ LAl 7 1 —7[2,3,4) % IV T, AREE T B B — L ONLFHH]
ExATole, ZNWETDAAL v afVERR, M) Aaf )VERTOHRE/NT A —F Tl — AL HD
FTAIUTH KT 60 EREThH o7, ZOMREEZMNATHSIZTRT, BIEOXLUN+DHFMTE 7728,
AA A W K DRSSO 1T Tc, £ORRE B — OO T E =M TX 51277,
PIAHD X L% 30 FERREICIND D Z ENTE T2, 72120, ZO AL v aAf VORI L0 A Hk
D=4y FERE—AY v v XA —TOE—LABEN 4pA»DH LLpA FTEFLTLES7, 2h
IIFEFED 7 v k2 COHERMEES OFFFE LR U< U THEIKOBSGE N Eb s Telzd L B2 i
B, LS. BUVERMERSS 2 MR Lo Rl TS PR R BT 5 Z LIk o TE— LR
EEMRT 2 L ERD D TETH S,
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[1] defd &, 20 20, A i, B SO, R R, MBS, EiE B, dul Em, e IE,
A 8%, Victor Smirnov, Sergey Vorozhtsov : FE#FH 4 7 7 h v (NIRS-930, HM-18) Dl
P, 59 |l A AINESRFaFs, KPR, WEPS008, p359-361

[2] Pk 23 FFEY A 7 a b a UFIHEEE YA 7o ho OB po-14

[3] Satoru Hojo, Ken Katagiri, Akira Goto, Yuichi Takahashi, Toshihiro Honma : DEVELOPMENT OF PHASE

PROBE FOR THE NIRS SMALL CYCLOTRONS HM-18, International Beam Instrumentation Conference,
Tsukuba, Japan MOPAQ7

[4] Satoru Hojo, Ken Katagiri, Akira Goto, Yuichi Takahashi, Toshihiro Honma : & [=mfF/ N A 7 & fw >
(HM-18) HIfZiAH 7 = —7 DBi%E, 5 9 Bl A AEs 72, KB, WEPS029, p424-426
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Y4B rAVOSFTA—TOEE - FRAOFARR

PRODUCTION AND DEVELOPMENT OF MOLECULAR PROBES
USING CYCLOTRON IN 2012

ok BAKR.AH FORC. BAME. iRk F. KIEIAKER
Ming-Rong Zhang, Kazunori Kawamura, Kazuyoshi Nemoto, Hisashi Suzuki, and
Kotaro Nagatsu

MEHREZREMERN . DFAA—SUTHAREUEI— HFFRBEARITOTIL

B

FAA A= T =R NN—TTiE, YA 7 e bu B HWTAREL
HEFGRY bu o EEEFIH L TCPETICE A0 FA A= 0 TSRS R RIS+
o —7 DOBR%E, FEREA OBRSE K OB FEBR, BRIRAFTEE O HIRICEF IR MG 217> T
W5, BESNTES T TR =T TA A=V T ¥ —DRhie b P ER T EREE
Z —IRBECINR DR T: - BFSTHERE - REOIFEE L Rt S T\ D, o ER AR,
T PERZ AR & O PR O B B OB SE . BT RUBST HESEAI OB, B FEERIZ L 5 ¥
HIOHF M & RTERARTHE, ERRIEE Th 5, BRI S S 7o O PESEARNIE. 1
HIMAC % FIN T2 IS ORI ORISR O A 72 EoE, 2) NG OTERREETMARER
FEALZBAT D9 3) T AV ANA IR, ORI, BN, R & ORI R
BOBZWHCIWR MR ZE 2 SICFIH STV D, RS E TR 7 1 —7 OBRIRIL,
7'a— 7 ORGERN AW T D,

1. 9F 70— ORFEHERR

BRI 7 0 —7 OB, BrEREAT - GRaEOBS, BE L BER R b OIS D72
(L FF OB TR O RE A RIE SN TV D, E2EOMIC HIELRE "Te O REE DML
DRFFERL N HFIEIE I3 D 1B U MR O & 21T > T D, BLTIZZh b OB
[ZOWTREFEN R BRZ T 5,

1) AT RATH 5 [MCIMeOH/ [MCIMeOTE ZISH L, 2-[MCl1 A FF I B Y D0 DR
H7e A RlE e AERE S AT L EBAT Ui, & O 205 8 LET O PET #AI2 4
B, BRRIG AN AT 7o e 51T > T D, — 0 [SFIF KSR Z V., X7 F Rz oo
7Bk U CHEEES T D A s L BE S AT A EREST L, PET 71— 7 O flE & FHmIC
JEFH L7z, 512, [MCIHCHO & &Rk & U2 fdih & it & pioiE i 2o U 7o ik
Mizpaz L, [MCIBRIRAT T RARSMIZHED Z L loksh Lz,
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2) L7 Va2 I Vs 1 RIS RIRE R, Fix ODERS RV BR S —F Yy NeT 57 m
— A AR L. BEOHH PET FYu—7 2% L, iMiiL7-, ZhobnFa—70
i, BT L2 3 g T RS 5K PET 77— 7 [MCITTM % F V7= - 549) O BR R
TxIT-oT,

3) AHET = A PR R 8 A A=V T H-0D PET P —7 % KEEIEMEARRE
FEMT O FiEZ FIVCRRE L, £ ORERIMIRIKEEM OfE7e &4 # 2 5 PET 7'm—7 %
L7,

4) Mg E AW EEREECL VB O T 7 3T U A 99n ("Tc) ZfEH L7z EIK M
DIFFEZ DOV T, FEE R OEREEEZ L, MEORF 21T 572,

5) Wil NN HPRIE~OFIHAPEIRF TE 22 DofE L LT, Zr-89 K UAt-2110D5%
FREEIE AN L, EEARIIEACEAET A 77 ) —ORELXR o7, Hikisfi
TAT TV —OIFIZE L, Ge-68% %512, T ORIEIZREIT 5 EEEHIREGA2 /& T L7z,
S HIT%Cu, Mg, ™I, MAtR EOBM L RIE L, ELFENIEETT o T,

2. PFTIO—TDEE - RN

Rk 24 AR BGE U 72 B O MRS, B2 (A F4 =2 FDG, FAZA, FLT),
EgRellE (527 v 754 K, FEtPE2I, FMeNER, PBB3, FLB, BTA, MP4P, DOPA) “&m &K
FIR, v, 7y b, v R EOEMWER (BTA, Ac-5216, MPPF, S-dThd, MNPA, FMISO,
FLT 728) RIEA 7 7 > F o (Fe L) FEgt L7z, 72, A7 m bu Mok
B4 7 v ha &R L CRYE AT - 72 2Zn/5%Cu ¥ = % L— & % 3 WP 18 [l 0DFE
AT T2,

24 FREICHOE LA b A O, AR, RIEEAR LIS, EREEER 112, £
PE « RLEIBOHER 2 X 2 I ENEhoR LTc, SUEREIT 23 FE DR KRFFEICL T, I
R IR0 IME AN B o T2,
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R1. ER24FEEICHEL-RBLANELVEEE

Wi e EER PHHtKE Bt E EE
GBg  (H%¥0) GBg (H#) (A% GBg  (H¥D) GBg  (H#)
DOPA 17.423 (16) 6.614 (9) (9) 3.826 (5)
DASB 24.38 (11) 7.422 (13)
MP4P 65.82 (20)| 10.074 (16) (16) 0.772 (2)
FLB 97.465 (42) 7.474 (21) (26) 9.295 (18)
BTA 77.725 (29)| 25.718 (24) (24)| 13.717 (23)
SCH 41.5 (20) 2.885 (11) (11) 6.939 (15)
ANEYE 32.03 (10)| 14.961 (8) (8) 0.245 )
RAC 220.111 (86)| 48.871 (52) (52)| 30.142 (53)
PBB3 57.192 (49)| 15.928 (18) (18) 6.332 an
11c |PE2I 9.91 (2) 1.006 (2)
PK11195 3.2 (4)
MET 796.86 (95)| 379.749 (140) (206) 5117 3)
PIB 6.23 (3)
MNPA 49.11 (19) 0.528 (2) (2)| 10.571 17)
Ac5216 57.357 (23) 15.554 (24)
S—dThd 48.994 (13) 6.638 (8)
WAY 2.392 (3) 1.126 (2)
Ro1778 5.71 1) 1.11 1)
CH3I 64.21 (136)
ZDih 904.67 (620) 123.944 (208)
150 |H20 24.38 (6) 10.274 (4)
FDG 142.141 (25)| 62.119 (23) (59) 0.37 (2)
FEtDAA 7.619 (7) 3.182 (@))
FLT 15.801 (8) 3.055 (8)
FMISO 24.334 (1 11.365 (@))
FMeNER | 57.417 (52)| 10.194 (39) (39) 0.64 (2)
18F |FEtPE2I 74.581 (53) 9.888 (45) (45)] 10.898 (27)
FAZA 37.137 (21)| 10.094 (14) (17) 6.307 (12)
MPPF 17.443 (18) 3.512 (@))
Altanserin 7.9 (3) 1.473 (2)
F- 32.54 (15) 25.621 (14)
TNt 115.843 (163) 15.1324 (33)
28Mg |KiRiH 0.02897 (6) 0.02897 (6)
64Cu |KiBH 16.94 (11) 10.66 (18)
62Zn _|62Zn/Cu) 98.6127 (18) 1.75 (2)] 89.1723 (34)
1241 |KBH#&E 2.554 (@))] 1.702 @))
SE 3Rk

[1] T. Matsuda, S Furumoto, J. Yokoyama, M.-R. Zhang, K. Yanai, R. Iwata, T. Kigawa: Rapid
biochemical synthesis of (11)C-labeled single chain variable fragment antibody for immuno-PET
by cell-free protein synthesis, Bioorganic & Medicinal Chemistry, 20(22), 6579-6582, 2012-11.

[2] C. Asakawa, M. Ogawa, M. Fujinaga, K. Kumata, L. Xie, T. Yamasaki, J. Yui, T. Fukumura,
M.-R. Zhang: Utilization of [11C]phosgene for radiosynthesis of
N-(2-{3-[3,5-bis(trifluoromethyl)] phenyl[11C]ure2;ido}ethyl)glycyrrhetinamide, an inhibitory
agent for proteasome and kinase in tumors, Bioorganic & Medicinal Chemistry Letters, 22(11),
3594-3597, 2012-6.

[3] L. Xie, J. Yui, A. Hatori, T. Yamasaki, K. Kumata, H. Wakizaka, Y. Yoshida, M. Fujinaga, K.

Kawamura, M.-R. Zhang: Translocator protein (18kDa), a potential molecular imaging biomarker

for non-invasively distinguishing non-alcoholic fatty liver disease, Journal of Hepatology, 57(5),
1076-1082, 2012-11.
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[4] Y. Takada, M. Hanyu, K. Nagatsu, T. Fukumura: Radiolabeling of aromatic compounds using
K[*CI]Cl and OXONE, Journal of Labelled Compounds & Radiopharmaceuticals, 55(10),
383-386, 2012-8.

[5] K. Hayashi, K. Furutsuka, T. Ito, M. Mutou, H. Aki, T. Fukumura, K. Suzuki: Fully automated
synthesis and purification of 4-(2'-methoxyphenyl)-1-[2'-(N-2"-pyridinyl)-
p-[18F]fluorobenzamido]ethylpiperazine, Journal of Labelled Compounds &
Radiopharmaceuticals, 55(3), 120-124, 2012-3.

[6] M. Fujinaga, T. Yamasaki, J. Yui, A. Hatori, L. Xie, K. Kawamura, C. Asakawa, K. Kumata, Y.
Yoshida, M. Ogawa, N. Nengaki, T. Fukumura, M.-R. Zhang: Synthesis and Evaluation of Novel
Radioligands for Positron Emission Tomography Imaging of Metabotropic Glutamate Receptor
Subtype 1 (mGIuR1) in Rodent Brain, Journal of Medicinal Chemistry, 55(5), 2342-2352, 2012-3.

[7]1 A. Wakai, K.Tuchida, T. Fukumura, H. lida, K. Suzuki: Determination of two-photon-excitation
cross section for molecular isotope separation, Journal of Molecular Spectroscopy, 274, 14-21,
2012-4.

[8] T. Yamasaki, M. Fujinaga, K. Kawamura, J. Yui, A. Hatori, T. Ohya, L. Xie, H. Wakizaka, Y.
Yoshida, T. Fukumura, M.-R. Zhang: In Vivo Measurement of the Affinity and Density of
Metabotropic Glutamate Receptor Subtype 1 in Rat Brain Using 18F-FITM in Small-Animal PET,
Journal of Nuclear Medicine, 53(10), 1601-1607, 2012-10.

[9] Natsuko Kobayashi, Naoko Iwata, Takayuki Saito, Hisashi Suzuki, Ren Iwata, Keitaro Tanoi,
Tomoko Nakanishi: Application of 28Mg for Characterization of Mg Uptake in Rice Seedling
under Different pH Conditions, Journal of Radioanalytical and Nuclear Chemistry, 2012-8

[10] K. Tanoi, N. Kobayashi, T. Saito, N. lwata, A. Hirose, Y. Ohmae, R.lwata, H. Suzuki, T.
Nakanishi: Application of 28Mg to the kinetic study of Mg uptake by rice plants, Journal of
Radioanalytical and Nuclear Chemistry, 296(2), 749-751,2012-9

[11] T. Ohya, M.-R. Zhang, T. Fukumura, K. Fukushi, T.Kikuchi, T. Irie: A method to predict the
ratio of the tracer conversion rate to the tracer back-diffusion rate of an irreversible-type
radiotracer in humans by preclinical evaluation, Nuclear Medicine Communications, 33(10),
1019-1023, 2012-10

[12] K. Nagatsu, H. Suzuki, M. Fukada, K. Minegishi, A. Tsuji, T. Fukumura: An alumina ceramic
target vessel for the remote production of metallic radioinuclides by in situ target dissolution.,
Nuclear Medicine and Biology, 39(8), 1281-1285, 2012-11

[13] A. Hatori, J. Yui, T. Yamasaki, L. Xie, K. Kumata, M. Fujinaga, Y. Yoshida, M. Ogawa, N.
Nengaki, K. Kawamura, T. Fukumura, M.-R. Zhang: PET Imaging of Lung Inflammation with
[L8F]JFEDAC, a Radioligand for Translocator Protein (18 kDa), PLoS ONE (Online
only:URL:http://www.plosone.org), 7(9), 1-8, 2012-9

[14] M. Fujinaga, J. Maeda, J. Yui, A. Hatori, T. Yamasaki, K. Kawamura, K. Kumata, Y. Yoshida, Y.
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Nagai, M. Higuchi, T. Suhara, T. Fukumura, M.-R. Zhang: Characterization of 1- (2- [18F]
fluoro-3-pyridyl ) -4-(2-isopropyl-1-oxo- isoindoline-5-yl)-5-methyl-1H-1,2,3-triazole, a PET
ligand for imaging the metabotropic glutamate receptor type 1 in rat and monkey brains, Journal
of Neurochemistry, 121(1), 115~124, 2012-4

[15] T. Yamasaki, M. Fujinaga, J. Maeda, K. Kawamura, J. Yui, A. Hatori, Y. Yoshida, Y. Nagai, M.
Tokunaga, M. Higuchi, T. Suhara, T. Fukumura, M.-R. Zhang: Imaging for metabotropic
glutamate receptor subtype 1 in rat and monkey brains using PET with [18F]FITM,  European
Journal of Nuclear Medicine and Molecular Imaging,39(4), 632~641, 2012-4

[16] K. Sato, K. Fukushi, H. Shinoto, H. Shimada, N. Tanaka, S. Hirano, T. Irie: A short-scan
method for k(3) estimation with moderately reversible PET ligands: Application of irreversible
model to early-phase PET data, Neurolmage, 59(4), 3149~3158, 2012-11
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FiEFIBICHEITHH < BAE

Gamma rays measurements in neutron fields

#@E B8 BRES’
Kamada SoA), Takada MasashiA),
M SHRER R A EMBRABIEC EEMEE V2 —BAB K EEAR IO S A
b MEHREZRAMERBRABII K EEAR L ¥ —#H(E IR HEED

B=

Bt MeV SEI OB G <D TRV F— 27~ BAMERBORSZ AL LT, HEMY
A78a bharORETRIZENT, Hor~BeHlE Lz,

k- & T~ RO RN T IR BE, RITRREZ VWS, IERBNEL L, o T L—2DH
THEZIIE DN AFHRL 12 L » TR D FE2FIH L R8BI E1T S HIETH D, RATRFRIE & 1%,
PRI E SR OEREZ TORE L TR X, ARYTIREOWE & Has TITV, IR 72 Ef = x L ¥ —0
XN BRI T OEESLCT RN X —2EHHTIHETIETH D, FHET 5 ~BRBIESICBE VT, FER
HBICE o THETF & T~ AR L, RATRERIEIC X - T, BERNTHRIE L s W e i b K 7
<R, BT R A R b BT R E AR EBNRIE LT — 2 BRI v~ ik
B9 %, Nal (T1) Z W= mRE -« 0 o~ BB AT RErE 1L, LARTOF 2 ORFFEIC L » TREN TV 5 [1],
BTN L > TELNTET o~ BOERAEITIC L > TR X — AT NLOE AT 9,

1. B®

ST D NHERHAT OHERIZLE - T, 2k 10~ 100 MeV O H & = 0 L ¥ —Ri 81T, B2 R T2
HEOEBR PO OHRZ LT, B, LERESHKRSHFTCICHINA TS, &<IZ, EFHHTO
ISHOREN SO & L TR FRIBRNET OND, £, THETOEKREELIIFESL>oH b, 1
PEF OIS ER BITON TN D, KBS CTIL, WE & OMAEEH CLT, BRI IZ &> T, ZWkL
FOFRENELET D, IRRI1X, BBEHZBWTHEERANYy 7 7 Z7 0 Reld, 22T, KR +DFE
AL Z LIFFEFICHEETH D, WA FOBEITMICIT, FET D R F DT R LF—
ZRT MABMLETH D,

FTo. B EWE OB K » THRAET D IRRLF DT R F— AT FUd, G TER S
NADBEEE DR S 72 b R FREBOCHEE ORI & D7 N b, R EEBOSHE OfEIIE, B
T IVORBEICEBRTE 5, TiUE, BEHRRAO OIS E T vy I ab— g v
DFERBEOR LI ERSND Z E RIS, 6o T, B TEZ 5 KRBT OT F L F— R
A7 MV ORE Z 0 03 S (BT, WriEfl) oS EE TH D, Lo Lans, Kirfe EEoO
REYE oM o R T D WE & OBFISIC X > THERT D HEREN S DO H o~y 7 75 2 FR
LR, BRI IR OFEN VN E b o T, H U T —ZIZon TR E A
ERWVORBIRTH D, AHHEEE TOHGEEOIX, o ~Hmtias s L THE 7 Nal (T M ER23 5k
F LN ~BORBTELHFHELEZRLTWSI1], £Z T, KETIE., KFRRIFEZHWT, BRG
INDIRAET HANFET L~ BROPNEZEIT, BSOS D IRINCHEAET 20 o~ ROFBEAEEZ R E 5D
LHEEZAMET D,

2. EEBAE

HEM A 70 b UoC6a—AZBWT, EREiTo, K1IRT LI, Mo/ mbhry
MO H L2 2 B2 T L, IS Fiflc 2 —7 y hEFRBE L THD, ¥—7 v NEIITL,
AR TRV X=X L T2MeVIEE LR DL HICLTHD, ¥—F v haimil Lz e — Ak, B
AL T = FZ T Hu~HIT 5D K92 oTWnD, =R /LF—1380 MeVTH - 7=,
B —iy FBRAET LAY o~ ENal(TD S v F L—& 2T, FYTRRIE 21T > 72, 2 v
FL—EZNEDESIE LT, HKEFEEOT /) — FHEAOMLLRO L, 7 431 ZT35E L,
—l%, T X YEEEAZHET S N AESE L, R OESIIEEERS . BEEERS E L TT
— ZUVAEIEE 2/ L CPCICH Y IA AT,
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3—2. RITHMEZAWV AR MR

BHEROT 7 — &Y A7 v hard RFEE5%Z1E4 TAC(Time to Amplitude Converter)
DAZ—HIANT), ARy T ATE LT, RATREMZIE LTz, #—77 >y b CORRIGTRAET HAIR Y
Ve RYETIIENEIHEN R DT FNENDA X NEEBIT 5 ENRARETH D, K 31T
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ATRER 0 Af 2 L D3, 1800ch Tl D &' — 7 RENFE A v~ fpA <> k. 600-1000ch, 350-450 ch J&3J
OB T ZENT, THEA, = F o TIhoRET I ~BERr L TWb, £/, THFor—7
N OB ENE2DIFY A 72 br s TE—2OMHBARTNLELOEBHIL TWHWENLTHD,

|||i| ||i||| i|||i|| |i||| X103
8 1 1.2 14 16 1.8 2

3 Nal(TD CHIE L 7= TRA THFF 4547,

4. RERER

3.1, B2 HF TR LIz, 2WILRENESM D LRI FRBIZ 1TV, FATRFREIOARIZ L - TA X h &k
BIL, BT <A R MK DR a5, FohtEnfizXIIrd, 12-14 MeV
ICHEEPHER CTE 5, ZHUEDb £ 9 EVF U LD 6, 7 FhEIkiE(13.7, 14.7 MeV)IZFIYS 95, 0.5~6.5
MeV ¥ TORAIE, MHER 2T 5 Na & TR BH i T D BRICRAET DRI T o~ e
T DIEREN DRAET H_X—FMBNRINTH D, /2, 17 MeV LV LML, FHEHREI = —h
TN Nal(TD & e/ NERECHEIB L7 L I E5E SN2 3L —NEKNTH D, 35 MeV LI Lo —7
IZADC DA —N"—7u—nFKTH 5,
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5. £&H

e LT D 0 o~ A BOEEIE. P RATR A Ko THIE L7z, T2, UV F U L 03
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SEXH

[1] S. Kamada, M. Takada, “Measurement of gamma-ray pulse height spectrum under the p-Li high-energy
neutron fields,”, Progress of Nuclear Science and Technology, (2013). accepted.
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R A E R ERMS EE RO RIE
DOUBLE DIFFERENTIAL CROSS SECTION OF FRAGMENT PRODUCTION

gk BEN #A AlS 5H BEE®
Toshiya. SanamiA), So KamadaB), Masashi. TakadaB)
MBIRLEIERRTEEE HBEBRMEESR RARHNErU2—
b MSHREF RS AT
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PRk 24 FEOENY A 7 1 b o OEBRTIE, R LR O AFPRIFTEIC & D A EOfEIA %2
Hif)& LT, 50 MeV &5 1-. 50 MeV ~U 7 A, 6 MeV/n (=72 MeV)RFZEAFHIKIT 5V U o A
RFE, TNVI=UL FH WZ =5y MRS DR AR B W i A E 217 - 7o,
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TR F— 5570 B A B ISR T A7 DD T — 2 Th b, mT R — IR 7ok
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MeV/in® i3 AFHT X DSOS O Bt v o — B WrmfE ORE 217> T 72 [1-9], HIEIIE
T —=Th X —BCOEHNTEY, ZIIIMBIZER L., 7Y — FEEEHWIKZx
=R FRBIRE ) DUE2], EERITR O RNV —HEIC L D@ —h1ORIEB], &
WO PiEEREA L, B ORED DI KB L KSR & ATHIE = RV X IO 21T > TV
Do ZHETHE LI TOT — 20, B Ak B BEfEid~ 7 2 7 = VRO 5B
J—n UIEEEA SR T A BB A A S LTS Z IRV BRI RAERHITE 2 Z ENHLEMNT R -72]9],
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IREETCHEECE TN Z E b5 T2[1], % 2T, Bk Ak B ARSy Wi FE 0O AR T
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T DR D NSRRI TOERE, FUEfHD =RV —% G35 8705 AR R0 Egic 5
B3 %, ZNETITRER N D20, B, ~U U LR, REREOBER 12 X DR E
B EIR S W AE O FEER T — 2 OBUSG AT 9,
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B R W AR E 21T o 7o, ZAUHIE T TICESSE A D50 MeV, 7T0MeV B AN O 7 — 4 & ik
TEHEDDEDTHD, KFETIZ, 20956 MeVDRFEAFITHT DT —F OEE & fEHRICH
WTik 5,

2. EEBAE
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EREEZ T, VA 70 bbb & HENEZ E—LMIEELT = v 3 —N TO ML E AV
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FILF— L RRHERN O B A ETNHIGET AR TR b b, RENBHERE L EWESITmitHiE 2
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ET RN =1 A RKEICILFR L, T RIEWAIHET RV F—lkZ b o727 T 7 2 MIELZ FEBL L T
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[1] T. Sanami et al., “Measurement of fragment production DDX of 72 and 144 MeV *C beam induced
reaction on carbon using Bragg Curve Counter”, Proc. 2009 Symp. Nucl. Data, JAEA-Conf 2010-005
(2010).

[2] T. Sanami et al., Nucl. Instrm. Meth. A589 193 (2008).
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[4] M. Hagiwara et al., "Measurements of Double Differential Fragment Production Cross Sections of
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BHFROEMNRIDBBEICE 1T 5 ERMEHR
BIOPHYSICAL INVESTIGATION ON THE INITIAL PROCESS OF HEAVY-ION
IMPACT

REXH' ®B2°, EHEXE®
D. Ohsawa”, H. Tawara®, F. Soga®
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K DEFHHOEEMD 2 SOFENFHIZITMDY, 72, THbH 2 DOFHIX ZIRE =R/ X — Kk
TRRDZENTREND D, I E REBRE, R, KEK~DT T v 77— 7 ik
D C*, O AHHZOWTIL, C¥, OF AH & FERICFBRIEN 2 =D, 5D D WriERi: BTt
DOHFRMRICHECTE & EZ 2 b5,

O AHFTId, CulliiHih R—Z v, ~ A7 m—ifih 30 scem, AHFA A4 EffE 15 pC 12T, Hl
TEFAE 20~160°F T 10°%) 4, KBS % /L ¥ —10 eV~10 keV(20~90°), 10 eV~1 keV(100~160°)D ¥k
TEA(SE) Rtk A HE L7z, Cu BB HEI D N — 3R R DK FEHIE RN R <, 30 scem &~ 27 1
— A T & THEZEMICR X BN W, FREKELZN DNy 7 757 RBG)HFG 7 &
L., ~A70—F7H0O#H#% BG £ LT\W5, SE & BG L7225 DDCS AR, DIRNZHIE L 7-%5H
C*., O AHt L iz L7,

3. EER#HER

X LICRER A RS, — RIS, CIRE T CRE T =R X —DIEIE 2 I L T T 5729,
C*, 0%, O AHf & b “IRBE T RAX—DOHIMITHEN, WL DD E— 7 2RV TABICIHED 277 L
TW5, £7-. C* 0%, O AHt& &AM T~490 eV (T H,0 HI3kD O-K-LL Auger £'— 7, & 512,
c™. O ASTTIZ, AiTJ7M1(20~90°) T A7 (binary encounter) t'— 7 (O°* IZAMIE), CY* AH TlI4el
I1(20~160°) T~3.2 keV (Z1liEJis > ELC(Electron Loss to Continuum) £ — 27 23&1HI £ 7172 (0% 13 A 7E), ELC
v — 7 13T A A NOBLETE - DMERFR T & O ZE CHERL L 7= Bk, AR A4 0r—ar)
X VRTHICAI A A LIRFERTH -ESNTTELE—2 ThD, 0L OF A L DIk TIT,
{6 = L —FEIH(10~700 eV)IZ UV T, O AS I O¥ ASHT AR T~50 %jiib L= —J7, TR/ %
—fEIE(>700 eV) TIEME TIRIE— L7, ZOERITEREEP OK/NI L > TARA AL DORT v
YIVDOEMENEDLL IO L Boid, Thbb, (K= AX—E L P ORE W, &< B &
ETHELDD, TNHOE T HIICERSNIZA A RT vy L EE DI LT, BTfRb
F—EF TP O/hEV, BEFENBTOMERTEL L0, FEROA A HRT Y VEELD
7= & Bbis,

'

'

T —
3
- w0 g E — m"‘g %o 1
= X o = D
= -] =} Q
g L X% O-K-LL Auger E o'k ¥xo0 ) i
L 8,2 (500eV) ELC < *. 5% U-I\-LII‘ Auger
K » e -3.2 keV) | K wl LI .
KT * . gt { J = 10 % o ELC
Z 'R ! i . x B i
= 0% b = - Tz 0 ., o * Binarv
= 20 deg. P ., N\ g 30 deg. e S
= w02l @ 6.0Mevuc"+HO0 o o 4 v o e °® L
4 2 o o ® T .
—~ . . 7 B+ ol —_ 5+ c..ﬂ.g
= | B MeV/u 07" +H,0 o iﬁ_ 2 ool [y} =y
D 6.0 MeV/u 0% +H,0 o*
102 e e T —— A " o2l ol il "
10 10 10’ ' ' ¢ 10" i
Electron energy [eV] Electron energy [eV]
£) gy
17 <17
10 " rrvey T 1w — -1y T
) 4
— m'“i T - — w*e ¥ g, e
- LIt = L)
=] x 2. =} [
= 19 x-a 1 * 0-K-LL Auge
s o O-K-LL Auger — E 0" - .9, ‘1‘:1!9.” -
- ] >
H e LI -] 1 ELC i3 e ¢ o ELC
= e ox o : E T ex o Al ]
s CA 1 > A ‘
= 2 . . ™ ) L] 2 Binary
= w Binary—| E W e "
=) 40 deg. '% k) 50 deg. .& . ‘*1’
v weH e " - _é- v w*H e " Cumngee; -
2 5 O Cgle%e = 5 .
— - <07 * g I~ o 0
= w¥H a - g puf X o Le
[0} oo
"}-'.'I L gl ol “,-:l 1 aaaal saaal

1

1w

Electron energy [eV]

'

- 29 -

10

' '

Electron energy [eV]



DDCS [em®/eV+sr-mol.]

DDCS [sz/c\, ssremol.]

DDCS Icmz,:’e\’-sr-mul.]

2

DDCS [em™/eV-sr-mol.]

'
'
'
™
10
w*
10"

-

'
'
'
0™
10
w*
e
"}._’.I
1w
'
10"
0

w*

10

— T
E o
Pox 20 T
o
r ® e o OKLLAuger 7
. o 1
- [ .
LI : .
.& Binary
60 deg. 'N. g Qé T
: % P =
L . (..Ii g _
w07
o o¥
' 10 s '
Electron energy [eV]
&
B _
5 28,
x0 O-K-LL Auger
L . _ 0 n
. [] . Binary
80 deg.
H e c”
% 0%
o ov
1 re——— T | PSRRI | i i
' 10 10° 10
Electron energy [eV]
— T
- _
X
x%o
- .. ;‘ -
H G
L]
- . 4
% 4
100 deg. .za
H o o 3 N
% 0™ Cowm,
o o¥ RERL T
' o s 10
Electron energy [eV]
K
. B
W
| 4
120 deg. e
H @ c*
% 0%
o ov
re——— T | PSRRI | R T T

1 1w
Electron energy [eV]

-30 -

\ 2 ; )
DDCS [em/eV-sr-mol.| DDCS [em®/eV sremol.| DDCS [em®/eV-sr-mol.]

DDCS [em™/eV-sr-mol.]

— T
]
l".lﬂ ﬁ *‘ 2 o -
xPg
ol M _
. : =3 s 0-K-LL Auger
e e g 1 .
107 = . : Binary =1
1 %‘}L -
70 deg.
w4 H @ ¢ \ -
1 H X {);b :2 -
oo .
1o L Tl L s sl MR
' ¢ 10’ i
Electron energy [eV]
<17
L S S T o1 SR S AN
’ -]
l:l"‘i ¥ o E
o
‘*%0.
T | I » 0-K-LL Auger =
i
l".!II - . -
' B
90 deg,
w*H e ¢ i
el % o
o o*
l"-zl | s el i s s aaaal
10 10 10* 10
Electron energy [eV]
" ———rrr———
m""E 2 g -
E20p
19 "o
' e I -
LI
1w ° g -
LI
* g
1 . .
110 deg. ]
w*H e o “.@ -
1 X {);‘ oe -, ]
o 0 .
1o L ro——— T | L s sl PR
' ¢ 10’ i
Electron energy [eV]
<17
L S S T o1 SR S AN
F
e g . .
. » i‘g
" el h
.0
N * x
w* + -
o9
l"-ZI - L] .
130 deg.

w”H @ ot i
e | %% o i
o o* * N,
l"-zl 1 r el " s s aaaal i L T

10 10 10’ 10

Electron energy [eV]



DDCS Icmz,-"c\’-sr-mul.]

DDCS [cmz/c\-' «sr-mol.]

4. FLOH

IKFEZA~D 6.0 MeV/u 0% AKF T, Rl J711(20~90°)1
oy oY)

'

'

X o =
X o E
Nt Q =
' = ) - E
¥o &
. . x’ *
0™ HE: n =
10 n ‘i B e
140 deg. e 3]
E A4 Soo’ = -y
H @ ¢ - 3
. A g
e w0 ° . =
o o¥ P,
we¥y
T n wl 1l PP
10 1 1w '
Electron energy [eV]
107 vy e
=]
we g o .
3 * 0
x
1w x8 n
o
0 o
10 |- . %o -
. 1
0 [ o —
160 deg. l@ *
w2k Y ("h [ n
s %
e o o -
1o L 5 wal il ...

10

1

1w

Electron energy [eV]

1. IKZFEEAD 6.0 MeV/u C*,

(100~160°)1Z %} L C 10 eV~1 keV |

O AS A

T,

0%,

'

'’
'
T
(T
1®
1
o

1 L

Ry kL

-31 -

T T T

i i

' g [e]

L b 3%\_ -

.
- X% 4
150 deg. . ;ﬁ h

H @ l"‘ - —
0" % )

L - 4
o] o* 8 *e

[}

1w

'

Electron energy [eV]

i

*AHIC L ZDZREFEM-EWMSHEER (DDCS) TRILF—X

Wk L C RE =k /L —10 eV~10 keV,
TIRFE AR EMO W FE(DDCS) & JIE Lz, SRS
TE BRI (O™ A ST T3 4277171 (20~160°) 0 i = F /L % — (1 keV~10 keV), O* A Tl zéji
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RAIAICE T A MEBHFER-EMSMEBEDRIE
MEASUREMENTS OF CHARGED PARTICLE PRODUCTION
CROSS SECTIONS AT MOST FORWARD ANGLES

fE BN BN BEAL By x M5 LA BIUA°S. FEmE .
miE BN #A B’ 5@ BEEP
Yusuke Uozumi*, Naoto Nakamura®, Sho Nogamine®, Takahiro Yamada®, Kohei Wanishi ®,
Yusuke Koba®, So Kamata®, Masashi Takada”

bAMNKRERFRIZMER I RIILF—=FIFEEM
LAMAKRERERIZFIRIILF—EFIFER
¢ BEREFREMRMENTFEREE 24—

D MAHREFREA R R BRI EERA R 2 —

B=
ARG ET L ORRFE & REEIZ VS BT, i@BEIZRIER O 72\ Wi/ To(p,p' ) SOt —
B WEREOREEZ B L CEBRZBMB L T D, C6 a— A THELT = v "—& 5 E L, Y
A7 haryinbd 40 MeV a2 H LT, BELAKE 6° 225 830° £ TO 6 s C B
BRE LT, NSy 7 7T RBFET 5720, EEEWIENEE Lo TnWd, Ny 7T
NiE, v2b—va itk da Ny 7 770 ROFHEELIT>TWD, BFONTHET —Z 1%, mED
FERER L OB R ORE R & b U CTREEL 72,

1. BH

Bl E = — FPHITSIZRL FRREFRE L < OICHS B TR S TEY 2 — RO RITBIECTHE
D BTN D, BRI %L X —#iH20-100MeV TORZ SUGEH R ORE ] ENEE I TV D, Z D72,
it T 0 CToh HINC (Intranuclear Cascade) 7 /L% 100MeVLL F DT /L ¥ —fHElk F CTHiET
ZLEHEIN D D, B 13, p' ) SSIZBET DAL O (1] (23T, [BIFrhiE & LM & 2 U HR
DHFICELY, INCa— RO THREEZ RIBICUGECE 2 F5427Rm Lis, £7o, MEROFHRE TIIARMH
BTCORBEIN TN —a RN TORENR, HAr— RBRICBWTHEE TN L 2R L,
ZDOERNIFEIZONTHREEZ LTWD (2], (ppYRIS0%E, EHFEOFEIL20° L VRO
HEMOWIHEIZB W TR B, 10° XV RTH CRICBEZE L 725, Z072d, Kl fAE TO,p'x)X
JNEBRT — X W MRGENEE L 72D, LovL, BrERFEOKATT T — 2 3@ E I EF N7 < |
L EREIT> CTF— X 2B LT uEe b, 23 E D, AT To(p,p's) St D
TEMRS W FAERE 2 NIRSO KA 7 1 v b v Ufiaak TR L T\ D, WHEEITRIE S AT LAV
EIEBH LTSI L, SOIC  EMOMEEE KD D 2 & SRR O-REIT> T2, ¥ o ik
DHEEIZDONTIE, B — LD EHEHEESCTROMEELOMBE Ry 7 75 v REINKRE L, RNy
772 RBREDNRG TRWZ E AL RoTc, Ny 7T 0 REEHIZRET D20, NXv o 7T
R Y — 2D % Gk B0 Ny 7 75 o RAEFIEOMNLIZHT T, T— 2 UEEZ B9,

2. EEBAE

FERILINIRS ORAY A 7y hrrZHW, C6 2 —RIZBWTHEN Lz, AFRL1-I121% 40 MeV 15
T, Z—4 v MIIEE 100 um D “C BIO, YAl W2, Z—4 y MIVEEE (CRIE L - E2e
F = U N—DOHICHRE LT, RHSTIEZET = AN ADORKFICEL 2D, T U N"—ZIZIFE X 50
um AT v T ANERAN, EBRICHWE I D X —T LA a—T O E K 1127, K
FRIZR(SSD) 2 Ktk GSO(Ce)fbighy > F L — 2 bk Lz, v F L —2 DEHIIE FHEEEIC X
DEEAH LTz, MIEEIT-T-MAEIL6” 9° 12° 15° 20° 30° Th-o7-,

6° 9° HOFISFHETIE, E—2EREZIEKSIMZDZMENRH L0, MR E—LEBIRTIE T 7 77—
By TNIEEICEELRL 25, Z072d, =2k FHoEHAIceE—2at =4 —%20E, RELT
R L7z, E—AE=F—3F = o A—=TFHRICEWZEE 500 um @ PC % —4 v b inb OEESRE
F I 30° HHONBIZEW T T AF v 7o F L—& 2 B CRINHET 5 X 5 etk e Lz, ©
— A=A —OIEIX, 77 7T —h v TN EMICEET S B —AEIZB T, B AT RE[pA]E A
fEEETVE, ZRUCHIET D E—LFE=X—D I vy MEERIELC, BE—Lg®EL T ML
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fRERD, ThEMWZ, ERTEMT L E—LBEOHMHICE N T, BELHEENHETE 2, %
BRGIEDFEMNZ, K 28 FEEOWE [3] 22 hlzvy,

3. T—HfEIF

TRV —THIEIZIE, =RV —BEAOEEEL e — 7 28352 6083 T& 5, L, AT
RO IEEZE T L TRV, BRI 5 S b =L ¥ —13 Bethe DXUZ L W FE L
77o RLFFRRNIRATE EIND PIXT A—X =W T{To 7,

Pl = Etbotal = (Etota — AE)b

AEIESSD . Ertotar 13T X TOBEGRIINMN G LI XL F—Th D, bITRFITKFT 5B TH
%o AERRHER TR FAEET 2= XX —IKRFIC Lo TRARY | Fl—Ohi 7126 LT PLIZIRE
—ELIe D, ZOMOFEMIT, Fk 23 FEO®E [3] M hizw,

4. FRLER

[ 113 40 MeV **C(p, p’X) FUSDRET —2 DFITh %, SHEEDORIETHE- 20° L 30° F—F %,
EXFOR 75 Huf% L7- Bertrand 20 FEERrT — & [4] L LT\ 5, F£7=, INC ET /L5 & CCONE
RO E L RL TS, Bertrand 2813, 10° JTFHEHIE L TV R0, 200 & 307 #HIELCWD 7
W, A, HEICHEAT L ENTE R, EREERE LT Ge(LiyHigz AW Tk v, GSO(Ce) &
TEAREBR LD b= VX —fFREN B <, IEERRICHE D B — 7 S 2 M L- pa Bl o 2 &
T 5, £7-. EXFOR &7 — X 1M EELE — 7 BHIFR SN T 5, ikt A7 hLVEICE R
%L, 20° TIL CCONE RRRREHDFERL oo TWVDHN, M 3 >DFERITIFIE-FH L TWDHEE
2 bbb, —71730° TlE. Bertrand DR L INC L1T—HARWE 9 IEB b5, INC Tid 10MeV
FHEIZAWERILBIZ RIS T D23 TR R 6528, RFHM & 72 > TWvb, CCONE IX20° DA &
[FVRE LS Rl O 8 5, Fox OfERIL 20 MeV LU T OfEE T/ Nl Cd 5, BRMEBEL Y — 27 b
EEZONDTED, THAMEE CICHMEREZTILEND D,

2C (p.p'x)
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E 1
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Energy [MeV]

B1 BREEMBFIRILF—ZART FLDDX, KAEOFERZE. EXFOR [CHE#ME
Ni-BEDORERME4]. INCEE[1], CCONE EHE[B] EHLE L TILVS,
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L2C(p,p'x) E =40MeV
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(6]
o

2 HREFERMBFIRILF—AARY RILDDX @ CCONE[S] & D HE,

ZIAl(p,p'X) E =40MeV

6deé —
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~ 20deg. x 10?2
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S

B P
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K3 ZIS=ZHLEABFIRILT—AARS FILDDX @ CCONE[5] & D ELE:,
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X2 &3 ixENnE, 12C & 27A1 ZHER & L7z (p,px) i DDX OfERZ R L TRV | kiD=
»IZ CCONE [BlIc X 2FHEMRE B R LTS, AEIEZ6 225307 £TD6 R THD, CCONE T
PR EL T R A O PRSI EIC L W sRO BTV D, HFRT 3 v 3T A —Z OREETNETH
L0, BUEIZE TR A—Z 2HHLTWD, SRIOERT — XX, ST /X —fEROT R LF
—IRIERERITITR T LTV, =7 OMENE L HFERERTWARWESNH 5, 12C Off
RERD &, WERELWIEFEIX CCONE &l —E L C\b, —F, YAl OFEIEETOMAEIZBNT
CCONE X0 H/hSVMEE 725 TV D, RFIEFOHEGEA T hVIL, #ifi Cikam L7z CCONE (281
LB IGHIEm A ZBE TS L. 12° 205 20° ECTOHMIIZU KR THLEEZOND, 6 & 9
IFHERFHEORE bREES LT Nz, ERIES FRIEL CT— 4 2MEL TV MERH D, T
VR =T DMEROT — 21, i A7 bV T CCONE X 0 BfRAT/ &y, FEPERGEL &/ &0
ETHDHID, T—HORELNLETH D,

5. £&o

BELAEE 6° 205 307 F TORATHIZEW T, (p,p )i D By Wrim il € 2 Biss L T\ 5, 12
& LT 12C & 27A1 ZHW T, 40MeV B E—AIC X D EBREZIT- T2, toOT—% L DN s, %
REIFRFEREEZ NS, FRINY 7 7T RICETHEREEZED T, T — X ORBEZ M EIE T
SHENRD D, S%I%, AIEE LT T 2 ST 12C L 2Al OF — X 2 HE L.+ O% I3 &
AH E— AT R X — 2OV THRIAWFIF 7 — # 2 IVE LU CRIGWEAE O B2 oz LTy
<EHETH D,

PP
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[3] Al « Rk 23 4EEES A 7 1 b & RS 2, NIRS-M-250, 24 (2012).
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BRERTFRARO-HOERZITERIZET SHR
STUDY OF FANDAMENTAL TECHNOLOGY
FOR HIGH PRECISION PROTON THERAPY

mEE #A' EA E—-C T B BER KR B0 &XS Jlm RETFS
fn* REES o BEC KE RS
TERE #R°. &2 BRI dtiE 18T %% “ﬁiE
Teiji Nishio®, Seiichi Tamaki®, Keiichirou Matsushita®, Masaaki Sekine®, Ryouta Noguchi®,
Mariko Kawabata®, Tatsuhiko Suzuki®, Satoshi Nakamura®, Katsunori Yogo©,
Taku Inaniwa®, Akinori Sugiura®, Satoru HojoF, Akira Goto®
MELIANARRE DY —RRRERER D T REFERES B
b MBRFERFREFPHER
CC B REXREREERHFTH
D AR ERREMEENFEN R U4 —RIERERFABRAE TOIS A
F RS REFREMEMBENTFER 4 — BT 2

B=

BTE, ENONABEBITFEAEIMOMEMICH Y, EHRO 2 A2 1 ARBATEL R EIk L
TW5, ZOERFE D BXDBAOIERIT, BUTEE - ALFHRE IR ABRNARR) - B Ok
FHRIRED) D 3 DIZ KBS 4L, ENIZE W TREBIEED D 2F &1L 30%RETH D, L, #6sh
[E O BUR F 721X E N TO RS EIEREEOBEINRD S HWrT 2R 0 . BN T BEHRRIZ K D B ATERIT
ﬁmﬁ%KHW%%ﬁzék%ﬁénéom%ﬁﬁ%ﬂ\ﬁh%ﬁ@ﬁfé@éﬁéﬁ#%’ﬁ<&é
FFAAESEZIETERE WL EE 25,

UTAE, XA DRI, Hi @@%@fﬁ%%mot R 2R AR B R B IREORL T HRIE IR &\ o T B ks i
T RRIEHED . ENIMC BN TR MBS A TN D, Bk E B BIE R ORI, S AMEE D IR
R (R 2P SRR TE LR TH D, TOHPTH, BT IRERRIC X DR RURE I
D3 AR~ TR - SEBE N T Uk & 2 PRS2 ORI~ K & 72 = 3V ¥ — %A 55 5 k206
NUTo, REEETPED B R IEIR O BERIGR TH 5, H4E, [EPNS Thi R R 7% 5 o B8 IME ) 12
H U], ZOhEex DO &=, B REO T BEREIICEWVEETH Y . ZTOREOEINMAZ D,
FEEOZE/IAUBIZE D4 =2 v b3 A MEIESC TRIB IR I WA FE R TH D Z Enb )
TR OEIRT — 2 NERCTE 28 EREB L EZXBND,

TD—05 ., B RREEIL, FRREEE T A LR RN b0, HL< bV LRTVS
PRGN O F FOIEENER SN TCODBRNH 0 . XBIEHE & [FER O Jein il 2 Bl U 7= F8ri) 7275
BIE~EL R T DM ERND D, EEEG T RRIGR DT DIZ, BRI AT-CRHR A &2 i & 5
TN OEDNLERT R TH 5,

1. B®

FEIE 26t 2 M R R th M 2 O 2 1) b & 7 S BB T RA R & LT 5 72 01T B - BRI R R
ICBIT BRI R EERE DO — > Th 5, ENLBAMFGEE v F —HRbE T, 2 E TEOEE K
FHENCIR O MATE -, FORE. BTFHRIBEIC X - TEAER RS & 0 BN TAER S
éﬁ?kaWMﬁ%%%l%kTé B AR E RN T T ORI AT BUL S 2T A 2B LT,

ALEE DM TIE, B - HR IR R rT A kIS & 2 ks I RRIR & KB 572010, AT &
&~5ykﬁ%ﬁ&®ﬁ%@%ﬁ@@ﬁf EoT, #—F v~ (BEENTOEE) T TERSNS
SREOAREY b a L ORE & ERIICHET 2 2 L Th D,

2. ERAE

ENESAMFGE T v Z —BURBE DB F-HIRIREE 121, B — AT A v LICRE S 7= PET & : Beam
ON-LINE PET system mounted on a rotating gantry port (BOLPs-RGp) 23MEHE S 1T 5 (X 1 £RFR) [2-4].
BOLPs-RGp OfHgE~ > RER/IE, ek h =27 28 BGO fhiga BRI SN Wb 7T F—42 14 7D
o T&@ R O RN ESEI 2 Bed HaxEt 2 Lic (K1 A3, s/homtgEox v v~
Z 3.3mm 2 L, 1 H OSBRI 104 2mm X 2mm X 20mm 4 X BGO flfh% 11X 10 fil~ 1w >
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NETzE 36 T r v s AT H RO T T F—F A TRRHEZRITKRE T 7920 8D BGO ffuE~ v
>k L7z, M. MHEIRIT 164.8mm X 167.0mm TH 5, B F-HrEREHNT X » TEAR FZROGIZ K -
THRERNFTERINDRY ba NS OWEET <8 (180 FEH MM S b —xt o
511keV # > ~#}) % BOLPs-RGp OXf[f1d 25 7 7 F—4 A T hitigs CRIEFHAIS 5 = & T, BEKRAH
TOERAY ha VO E & B2 T 52 ERARETH D,

Field of View 164.8 mm

1110 (Array) 21.8

2 Pixels)

Space
¢

| Space 6.8 mm JLO2 mm (Scintillator)
(Scintillator 3 Pixels)

1 B R E |2 3R S 472 BOLPS-RGp DAMEL K ) BGO # g~ RoiEM,

AWFFETIL, BOLPs-RGp O FEMEMFIT I BHFE L 727 Ukt & ) OVFHHISR 2 £F> BOLPs % C6 == — A
FICRELEREZIT-o72 (M2EBHR), EHER ﬁ*ﬁ&’ﬁ’%ﬁﬁ; X % PR RS AT L © AR A SR &
LCHEHELIND, REZ, ﬁﬁ?ﬁ*&wﬁw/vm* R HERARY b a SO R R L ¥
— T L DA E A BOLPs THELUAIT 5721z, )I%DV/@HQ\K(WO.?7%/E L7=%)
K OEAE A1 v 7 2 (Ca0) %ﬁl{%%&~/fy b (K 24H52M) & LI-EBREZIT, 70MeV O/ 1-#t% %
NZENDHZ—27y b ~IRE LTz, AW mb AL TN I W=D, £ OIS 2 05
LD, Fio, AR Y b a U OEEINITER S 20 5 THY . RIS FRRRRE IR T
VR OHETRRIC L DNy 7 7T MRS 5720, BT R 3R CEE SN D Z & NE
KEND, BFHROWEKIT 5nA « 3 FOIRE TEHi L 7=, Bﬁ%f%%%ﬁ%ﬁb%i 3mm (FWHM) X8mm

(FWHM) DH 7 AGARIZIENEIR TH o 72, B iR BAREL AT 2> B 30 43 OVEIRA v~ #ritil %
Fha Lz, W, Z—7 >y Mkt L, B r-#oOHEITHm RO O NI L@?éiﬁﬁﬁ@éﬁT/Fm
VI D activity 7'v 7 7 A VOB TE S L 512 BOLPs 2R E L7,

Beam On Line PET system

ﬂ—‘gf . E
M2 :C6 21— A|Z351F 5 BOLPs DEE (/2)

k%%ﬁ~5/F.Eﬁ%TJIfV/\K\&kﬁwv?A(E)®§Eo
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B =27y h~DIGTRBHEIIZNENDO X —7 v FOBG T RAREICRENE 7 4 VA THD
ISP#tEIDH 7 7 v w7 40 (EBT3) Za%iE L CHEM L7, EBT3 [ZHEHREIZRT D7 4 L4
BULEOHEBR N S 720, ZOFREEZMEET 258 E U 77—k K0 B — 7205 7 #R IR B 2 2 Ak
TE5C8a—A&FIf LI, o, BT OEHTMESMINEILY A A AT 1 I 4E « KMP #:80
K772 LT PTW #1840 3D PinPoint EREFFEHAR B FH O ENIE Z TR HIICE xR H 2 & TEi L7z
(X 3 &),

17F T T T T g

NIRS Cyelotron/C8: 70-Me¥ proton, scatter wobbler

Relative Daoss [%47100]

a4

azpL

an 1 1 L 1 I .
< 10 20 an 40 50 80

Drepth in Water [min]

MERHES (5) ROTRERRRES A ZRFR CR).,

B\

X 3 : C8 =1 — A |ZEIT DIFHRRRES

3. ER&ER

3—1. BFRRBBERSH

X 34512 C8 =1 —RITI31T 5D TOMeV B TR DR E AT 2T, 7 7 v 7 B — 27 5Tl Imm A
Ty ZNLSTIE smm ATy S THEMEITo T, MELL Y LR RS & OFBICEB VT,
77 v 7 ¥— 27 @ distal Il 84%H EANE TOURIMENPELL P & —HTHZ LTS, F
7o, K772 N LAOBEE KON 3D PinPoint EEEFEIR EFHORENE 25 E L7256 OWEE v S L@ ix
9.0mm Th 5, REMFEG, BB SfLELZET LWL > DIE 423mm, 72, ZOYH
Lo IS T DB %L ¥ —L 704MeV &£ 72~ 72,C8 L C6 DE—ALT A > EITH HMEDEN
76 C6 TORS T 7L —DEH S BITH 72MeV Th - 7=,

3—2. REAEIANLEBI3OKRE-Ts LLRILERERUVEHEBFRESR

X 4 /213 3EBRIC K » THR B Lz T0MeV ORG1-HRICEIT 5 EBTS OfE & 7 ¢ b 2BV O RS F
Thb, MAfZ, RV=F Lo, K, BEILS T LEZ =4y M TFHE2 B L-BEOB T 7 a2
T ANDBILEDOEAFERTH D, HEE T 4L N BALEERE AL B K Y 7T0MeV OB RO IEFED
AEMEEIY ., 2T —5 Y MBS SNEGE FHRORERERIL, A =F L2 1.4(£0.3) X 101,
7K 0 2.0(£0.4) X101, LA L> 7 A 2.0(20.4) X 1011 L 72 o 7=,

= Calibration of Dose to Film Density at 70-MeV proton

200

180

1601

Film Tensity (FBT3) [0D)]

A0

20

00y

Lrradiated Dose |cGyl

4 : EBT3 O TR L 7 1 L ABALEE ORERE R ()
KOEBT3IC L DX —47 v DR ROT a7 7 A VOBALERER (F),
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3—3. RUIFLY. K. BIEAILDHLDORE activity B UBERE

[4 5 713 BOLPs (Z & » THEM S A /-ERES activity 0 OFHA Y 7 FOEEF ¥ 7 F v —Th b, MO
LY B AR A, TNEEA A TH L, KPR OEMIT 100 oFHl~ v 7 NIRRT
WF—2%R LTS, M54AIE, RV =F L K BTN TLE—5y N T L DT activity
SARDERFERTH D, 77 7ORENIZNZEND X —7 v F TOWEEMEZRLTEY . EENLED
¥ u ONLE TlX 70MeV DOFG-HRIBEHIZ X 2 activity FERIFERICHYS L, ¥ —47 v b Z & OB HRROLIE
BEFHRLICE S 2R VXTI L > T, TNENOEENLE TORG =T X —2HHTE 5, £
DIz, FEEOUENLE NS 22 D122 T, ARV TR =RV X —I2kF9 25 activity FHERE R4~ L
TWDHZ & d, w, Mt activity DfEZ /R L TR Y, TNENDO X —47 > hTO activity D g KfE
TEBLTHD,

+ Polyethylen

* Water

normalized

Ca0

08

0.6

0.4

0.2

PR .|
0 10 20 30 40 50

J Depth [mm)
X5 : BOLPs (T & = T3 S 7= 3858 activity /045 O FHAE E  (42)
LORY =F L, kK, ALY T LE =4y b T & OFRES activity 2540 EHIFE R Ch),

RV TF L EKkZ—4 v MIxtT 5. BOLPs @ activity sHHIFFREIC X 2 IER RO R 2K 6 (2
AT, RUZF L& —0y NOGE, BRGNS X D ERR Y b a iR R 2
20.4 3D 1C & 192D 10C D 2OIRELTEZDH I ENTE D, K6 EDFERIZBWT, Bk
PR % 1B 1% O FHIIRE FEIE C D activity ORGE 7eJEAKS7 & & O o FHHIRE I SEIR OFR0H > 72 O 5y
DD Z & DB ST, RIRZRBER A TR S 20 7, RO R OFEENIX 20 4 TH D
T EDMERTE T, e HITKS =5y M D5 R 615 5 7 activity FHAIFFHIC X 598
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Measurement of *H(**C, n)cross section for a thin PET target
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Transport Monte Carlo Code”, J. Nucl. Sci. Tech., 39 (11), 1142-1151 (2002).
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[3] Honma, T., Hojo, S., Miyahara, N., Nemoto, K., Sato, Y., Suzuki, K. Takada, M. and Yamada, S.,
Improvements and applications at NIRS cyclotron facility, Cyclotrons and Their Applications 2001, Sixteenth
International Conference, edited by F. Marti, CP600, (2001)
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4. BRLER

K41z, IP CHAM LI PSLERED T 7 7 A VERT, R ZF LT N\—F E@ENR WA
HE SN DB Y T HHSZZE LK Z LIk, RUzFLrrar =2 &2FKE L TRE
T {555y (difference) 5l L7=, ARV =F L o OuREHIZIE, 2 MeV fEIK O T %2 W T T 72
LIRTORNE & [FERIZ, SRS -1 R T 5 R0 7215 75T O BN A HERR S dv7z, 22Cf #lli & VTl
ESNTRERO— %, O 7= X 5 1Zrd U, 220f FRRIC X A WE THW -z 3 oos—& %, [
RHDNET Y XLROT 7 VNV THoT,

AE%thJm%V/®2/A—&i izw#~me®$&% XL TEETELEEXLN
Do AVN—HOREIEFEHTHZLIZED WEMNROHFHEFOZRLF—ICH# LT N\—F %
WEFT A ENTE B, :/A~&@up# ZIZPHITS 2 EDOINHE T v a— RPFIHTE 5
EBZOLNDD, AREROWERF %@;9&#”‘%@@& IHEHATHD,

3D Plots
[BAS-TR]

252
Cf source

PSL Intensity

60 70 80 90 100 110 120 130
x(mm)

B 5. %2Cf #EN S DPEFHRTRE SN RRBFES S
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B
REBRZITOICHTZ0 ., BIHZHEZIZI O LT HMEMY A 70 hr o EEDO T 4 BLXOAEC
R NN—T DRI DASAOBMERIZ 2D F Lz, R¥IZHYNRE> TSV E L,

SEXH

[1] A. Nohotmi, N. Sugiura, T. Itoh, G. Wakabayashi, T. Sakae, T. Terunuma, K. Yabuta, M. Tamura, T. Fujibuchi,
T. Takata, K. Kume: A method of neutron energy evaluation by using an imaging plate and cone-like acryl
converters with a geometrical modulation concept, Nuclear Instruments and Methods in Physics Research
A633 (2011) 36-45.

[2] #NEBESL, T O R F—% ) TR T 5. Japanese Journal of Medical Physics, Vol. 32, No. 3:
(2013) 130-137.

[3] D. Nakanishi, A. Nohotmi, R. Tanaka, G. Wakabayashi: A Method of Neutron-Energy Evaluation based on the
Position Distribution of Recoil Protons, Progress in Nuclear Science and Technology (already accepted and to
be published in 2013).
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FHBRMNROFEMFRIRHIFORFE

Development of Detectors for Charged Particles in Space Radiations

RIESEX A dEME A NERA DIHEE
Yukio Uchihori, Hisashi Kitamura, Satoshi Kodaira, Singo Kobayashi

MBSREFEREMRAT BIRERtE L2 — REHREHRIEAEE R
A Radiation Measurement Research Section, Research Development and Support Center,
National Institute of Radiological Sciences

B=

R RRE TR G OV A 7 v ha b O R e — 2 Z2FH LT, & EFH SR S A 4
AFEEMA SRR EHOMAELBEBIOKREER a7 2 EDTWAS, A7ey 7 N CIIKES
DOIER S 2B ERT —~ T, SEEIZONTL, 478 ba o C-8 a2 — A TOHGHHREG D7 %2
1T 9 7o O DB OB L MEREFHT 21T o 72, 12, E—2D L U VHERB IOV U D/ 4
FU T 4 NE—DKEMEDREZ B F 80MeV D B —ATIT/2uy, PMMA (7 27 U LEE) TTX7-
BT 4 A —DKREAMENFEIZICHART 116 FIC8>TWD Z & 2R Lz,

1. B®

K EFEHEESENEH L T2 FHBOIR R, & LT, MR 2RIz BV T
AEN5 Z A SN, TOICFEREICHIGLIZHEDOTHRL, LoT, T <E0RIR
ICEOIRIES L, FIHSNTE 7z, F7o, AR EHMEREREZ Ho ik s T o3, FHREE
2B D REGHI OFIEICH LT, HaRIERN o Te, £ 2T MEMOHIMACEZFIH LT, FH
REIZBOVNT, MEYE~OTENPRE L, FRICKREINLTW o I BERL R 2 0 ik - BOE
FebR & I 9 HICCHIBAN T 17 ¥ = 7k 732002457 5 Bt S iz, HIMACOD #7253, HIMAC Tl H
HRNE— A& G C & 2 RSO INERR LA L2 RSEM OO R, SMEFHZ OV T, 2
TR0 BREENHEA TS, LinL7eid D, 20044505 BtA S iz, FHBREICR T DA A LbE SRR (EEFH
ATF—aray T —ERAEY 2 —/LIIBITE) IZBWT, REQHENRRONDITF—ANH T,
ZhuE, EELT, MRy AREFOELETHEIKICK T 2EED EF (B2 WIHET) 283+5451c
RSN TV eWZ ERFH EE X HND, VI Ry AREFHTIE, Super Linearity (7 LETAEIKIC
BOTEEN TR AHE) NEH S, ICCHIBANZ 2 ¥ 7 hOHFTY | ZF OIS B ERNT-,
LU, 1~10 keV/p mOFEIRIZIIT 57 —Z mni+4TldZe <. S o5 BEEROLEMN, EEE
U—7 gy IV THERE SN,

FORERTRNS . WEN RS 4 782 hardC-8a— A ZE L, ERR2UEEE N SR LETHEK O
FERERRGT S & U CRER 2 BRAh L7z, TPRR234EE & CICIREREOHIER OB, £7-. 30, 40, 70, 80 MeV
DBST-#1 &£ 100 MeVD o ## (IEICLET23892, 1.5, 1, 0.9 keV/ 1 m)iZ-oV T IE#PH O - R B O VRS &2 4T
-72[1,2],

C-8 2 — A ZIFKEMWE & L TPMMAGR Y A % 7 U LER A FVRER © 7 7 U VIR D N1 51
TUANE =R LDy T X —E L CTEALEZR], PMMARKR DKL S OFFFE & LT, B#RIok4 5K
LR A, ERICH T RRE—L2DKT 7 F ANTOREZHE L RO, KETIE, AU 74
VB —DKEMEOREFRER & FORBRNSEH L72C-82—ATOE— LD (= 3/ — LET)
WZHOWTHRET %,

2. NAF 1) T4 L2 —OKEMERE

LW OISR B A AT D C-8 a—AZHEASNIZNA TV 7 4V Z —ILPMMA(RY A& 7 U )v
fe A FNBIC, KEM 7 7> b A ELTHWLNT, ARFTOE— LGOI TR, B—A=x
FNF—DORIALE L THEH SN TV D, BETITEICE— 2k FOMEEZRIEICHEH L TR Y., 0.5,
1,2,4,8,16,32mm D 7 KD 7 4 N H —DFIAEDEIZ I - T, JEX T 0.5mm DR E T — Lk 1- DI
BREG/DLZEDARETHIN.PMMA DL DR T T AF v 73 A= —WM I K> TR R > T
WADGENRH Y . KEMEZHE L TB LERD D,

MEFHELE LTI, K77 FAEHWCT 7 v Z7HMREIE L, &7 4 VX —&HALZgGA L
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ALBWEAETT 7y ZJiliONEO T2 KEMIE L Lz, B FROREE AT I 7 42 —DJE
ELKT 72 N LOBEEDOBEN S, Bf-#r0 80MeV b — A ZHIE I vz, FEBRiT 201246 H 9 H
AT 72 o 70, FEBR R OMENT OFERIZE L CIISTHRB] 2 5% L CW a2 & 72,

£ LT THDT7 4V F =220 THWEZ PMMA #flE 084 & IE L7 KEMEOETH D, L
FORET, #it EOES EEBEORESIGENAH L FRREOH D 05 KOV L mm EOH T 4 L4 —
PISD 7 ¢ V2 —IZB L Cid. KZffikb(Water-Equivalent Ratio) 23 1.16~1.17 L 72> 7=, ZiA 5 OfE I
IN—T L HRERRETHD 1174 O[4], ETFAFHEICL HED 1158 THH[BIDE R —HLT
BY., toEEERH DL EBZZLND,

K 1 STV T ANE—DKRENME

R4 Fat EoES(mm)  JIEL 72K EA4fE (mm) t
BF1 A 0.5 0.56 1.12
BF2 HFEIFAR 1 1.18 1.18
BF3 TIVFA L 2 2.32 1.16
BF4 TIVFA L 4 4.67 1.17
BF5 TIUFANL 8 9.31 1.16
BF6 TIYFARS 16 18.64 1.17
BF7 TIYFARS 32 37.22 1.16

G6.00

5.00
o 4.00
: —e—50 MeV
3.00 ——70 MeV
} ——60 MeV

=Vt =50 MeV
1.00 ——30 MeV
0.00 t

0.00 10.00 20.00 30.00 40.00 50.00 60.00
KIEE L /iEE (mm)

EHAD

Lo
o
o

HA R EUE

S\

1 RXAFYV T4 NE—ZFERLTHELEZ. BFE—2D7 5 v 7 i, il k#aE L-EE T,
HERHIIANAF Y T4 NV F =B A2 TWVRNE EDETHBL LT ARETH D,

3. "AMFVT4NE—IZ&BHT5 v TR

Lk, A F V7 g Z— BRRICHRE Lz v — 5F = X EHER6] & TSR E L7 Markus 5 EEHE
HOMEE AL TV 7 ANE—DREEREZRPLIE L, 215 OOMBEFHOMEEO LTS = &
TRDIZ C8 a—ATOFIE—LDT T v ViR TH 5, 201345 HETIZ, BRI OWTIL,
30, 50, 60, 70, 80 MeV D b — AZxf L CTHIEZ T2 572, ZHHDOIBRND B —ADKPTORFEE b
L, LI RIBOEN S C-8 2 — ADRIMLE TOFHH R B — b x ¥ —L LET 25 LT,
K2ICHEMEEZ E LD, AL, XA TV 7 4 V2 —DiHHEN S OIT/KEME S 056 mm Th 5
T2 FRIEDRIERE T Z DRETH Y . =3/ F—(THHE L T 0.5 MeV RERED RFEEMEZ b > T D,
HE Sz B —ADTFF =R IHEE TIE Sh 72 2R F— L VKV, C-8 =— A TILHALA
RE— LB R EICL s TEZRIAF=RNREDONTNDTHOTH Y, MEEERN SO B — A% LT MeV
BEOZRNLX—DKTFREZ > T\,
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% 2 BFRE—LADBERBEOTRLE—L LET OJIEE

i#E T F o F— | kit TR TR F— (MeV) LET» (keV/um in JHEH

(MeV) (mm) water)
30 7.7 27.6 2.02 201142 A 4 H
50 20.4 47.7 1.30 201345 H 25 H
60 29.1 58.1 1.11 201344 H 17 H
70 40.1 69.3 0.97 201342 H 6 H
80 48.8 77.4 0.89 201241 H 25 H

4. £¥LOH

EY A 78 ha o C-8 22— A% K LET R 7 2 O 72 iR Eat O R B & 35 72 O OHE
D—EE LT, "M T U T 4N EZ—OKEMSOREEZITIR>To, o, TORERE LI, BFETO
E—ADTRNAX—L LET O i 247> 72,

Rk 24 T, INET, MR EET A D AT TITo T2, BE—2DRFM 7 a7 7 A4 1D
WL, VT NEALTTa T 7 AVEREN L, ST 4 — RNy Z AL T 5720, 2T v~
FNVUERERE (Multi-Channel lon Chamber) ZBE% L, EERICE— AR LT, E—A7 017 7 A4 1D
HEEITR IO B — AMESCT — X IUEEE 2 E O Rt 2 Bth LTz, 7 — X B2 DT A X L0
V=7 VT 472 E5K%UEEL TV TETH D,

BBIZ, RO DIZ, E—L08EE2 L TWi=7RE EROZ(TICRELHBHI L TWi=Enr-,
ERE - YA 71 b o VB OERIEHOEE R LT,

PP

[1] PSR M, “FH B RO TR TR B AR O PHFE™, SRk 21 EEH A 7 v b o R HHEE
pp. 50-51, 2010.

[2] WIEsETR M, “FEH MR O AR TRy B s DBRFE”, Rk 22 HEEY A 7 v b o R G E
pp. 43-45, 2011.

[3] AbAsia, THEEMF A 7 v e U HANA U 7 4 V2 —OKREAERIE ) B E R A e T
WA E, Vol.7, p26-34, 2012

[4] P. de Vera, I. Abril and R. Garcia-Molina, “Water equivalent properties of materials commonly used in proton
dosimetry”, Appl. Radiat. Isotopes, in press (2013)

[5] R. Zhang and W. D. Newhauser, “Calculation of water equivalent thickness of materials of arbitrary density,
elemental composition and thickness in proton beam irradiation”, Phys. Med. Biol., 54, 1384,2009

[6] ALATH fl, “PLHRRH=E C-8 = —AITH1F 5 B — AMilH,” PRk 2L EEY A 7 v b u R G E
pp. 46-49, 2010.

[7]J. Ziegler, “SRIM 2011”, http://www.srim.org/SRIM/SRIM2011.htm
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6. BFRIZLDIEHHER

6—1. BEESHLZLUICaAIVBRHMHHOTHBRSRICET SR
6—2. AFEHBOMBMIBRMEREIZRET PR






B 72 b ONT = A VBB O TR B #R I B3 2 BT %

Neutron Irradiation Experiments on HTS coil system

B R, FREF B AR AQKRN, AR RS Al St B EES
Kenta. MichitsujiA), Hiraku. KarinoA), Yuta. AriyaA), Jun. SaitoA), Atsushi. IshiyamaA),

Nobuyuki. MiyaharaB)
A RARE R
® AR 4 —

B=
1. BB

YBCO #BEE 2 A L& FH 2/ N - @dhak - @PEREO IR EE Y 1 7 1 b a U OBR% - FEEBiA B
L. ZOREIEEIT -T2, WHABEEY (7 0 ho o OEERHICBWV T, YBCO BAMILRE T T
HEHME SN D72, BEGFEINBRBEIC I 5 BEEGRM OREEL DT — 2 X T30 - THEMICIEFICE
BTCThbHENZD, £ THXAIFITRKD YBCO 12D\ T, AR 2 HIUM L C Je-B-0 F#id: % Il E
L7,
2. EBRFHE

BRI OFE T A Table LR d, METBREHIBLEM 1 7 2 b ey (AVF-930) %MV, 14 MeVH
P2 REHI RS L7z, 2 0%, ERERRESEE 77 K), &KH0. 19 TOINBRESGFIINREET 7c
W 2T -T2, BMCKE U O TS (clth & T|RE) N0 D00E 2% (0=0) & LT, A—L 7 r—
TOWNEEEER LN G, 5° ZARZEiRSE IcllEEIT 70, FEBREEDOEE%FiglIlRT,
BI KA &SROSR 2R L, FINd %, EBRIEFOEEORERORE T2 Fig.212 R~ T,

Table 1 Specifications of HTS sample

sample A sample B
material YBCO YBCO
AMSC
manufacturer 344 Super Power
Superconductor
process MOD/RABITS MOCVD/IBAD
length 100 [mm] 100 [mm]
width 4.4 [mm] 4.1 [mm]
thickness 0.22 [mm] 0.160~0.212 [mm]
Ic (nominal) 90 [A] 133 [A]

Fig.1 Experiment Apparatus
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e ~60mm —

Magnet; S

Hall Probe

Fig.2 Schematic drawing of measurement of Ic-B-0 characteristics of HTS tapes

3. EBER

FRME - BRSSOV S O bR 0 sample A, sample B OJIERE R A 140 Fg.3, Fig.4 (2”7,

PRET S X AT SO BT 1 DEAL, B OEREZ ZB T 20N H Y | B2kt
IRNH, A EIOFAGEEBROFERD HIX, ¢ fill & FATRESE(0=90°, 270°)f1ir CERSEIEE I3 i & 72
0| ¢l & WEB0=0°, 180°) UL T IR E 7D, B - IERRSHT X 2 M4 B IR I R 7 28 ki
Roniehoiz,

F7-. sample B OFERN ELR TRVWDIIADE L DREBETHL EEZ LD,

70
60
50
40
30 Oun-irradiated#1
1 <O un-irradiated#2
20 Oun-irradiated#3
Wirradiated#1
T ¢ irradiated#2
10 @ irradiated#3
0 A T R

-20 0 20 40 60 80 100 120 140 160 180 200

Fig.3 Ic-B-0 characteristics of Sample A
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000 _QQ.
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o L 8 oeEseeeeseeg00. c8° o2
IO g?e o OZOO’C QQO'OOQ.&“‘
60 '”Jz‘w e09°°

50
40
< un-irradiated#1
30 ¢ irradiated#1
20 Oun-irradiated#2
@ irradiated#2
10
0 e

Fig.4 1c-B-6 characteristics of Sample B

4. £¢9

- BRI C R IR TSR OB T (89 0.19 mT) 12815 1c-B-0 Frtt 2 e L7z, kT
FRIATZ 123V T, SampleA(AMSC #£) Tl Ic O EERAFPED (LD RS C & 7o, AERRIZhTZS
LO%FRIE D Ic & F 23R8 C & 7=, SampleB(SuperPower +£) Tix, HIL-72 lc OZLITZRD e o1,

BE R

[1] R.Fuger, M.Eisterer, F.Hengstberger, H.W.Weber, “Influence of neutron irradiation on high temperature
superconducting coated conductors”, Physica C 468(2008), 1647-1651, 2008.

[2] Akira Karasawa, Atsushi Ishiyama, Nobuyuki Miyahara, Hiroshi Ueda, Tao Wang, Shinjiro
Yazaki, Mitsuhiro Fukuda, Kichiji Hatanaka, Shigeo Nagaya, Naoji Kashima, “Influence of
Neutron Irradiation on Superconducting Characteristics of HTS Conductors”, Applied
Superconductivity 2012, 2012.

[3] K,Michitsuji, A. Ishiyama, A. Karasawa, H.Ueda and N.Miyahara; “Neutron Irradiation
Experiments on HT'Ss; Mechanical Properties”, ICEC24-ICM(C2012, 17P-P06-08,2011.

(4] B K, FrEF BH, M ®R, K B RS, FOJUH, gl Sk, mEE s, B EE

“CHARAEBEZY A 71 b o OBRFE « miIREEEHM O PR ReE (BEERE) 7, 5 86
[ FRIR 5 - R HE 2, Vol.86, p187, 2012.
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SRR MSHREREICEET 28R
Study of the effect of radiation on the optical instruments

EiE B2 NG Bh AN ERAIER mCCAYE E=X°®
Yoshiyuki Takizawa®™, Yoshiya Kawasaki®, Takayo Ogawa”™, Hisashi Kitamura®, and Yukio Uchihori®
AL R AT, BT IR E R RS TR T

B

AHFFEIL. JEM-EUSO(Extreme Universe Space Observatory onboard JEM) 328k (SCiik A)D—ER T, JEM-EUSO 52
B Gl 95T E O O R ERE O MERE T D, JEM-EUSO F2BR 1T, 1K) 2.5 m THJ 60 JE DB &2 F5>
HE B L35 85 T, R 400 km O#LE F O EFEFEEH AT —ar b, 10%eV A2 AR 0L X —FHifis
BT 5, FHPOBMTHZEITLY, REIICKRER AR EEE LB T D, ZOmOFEHREE I, B FI12XD
BILWRICFEZAIGL | KEORECTH DR R/ —F RO IR AR E T,

ISS BREEICH W TIRFE SN2 && | 10 I FIC o T BN A R &I, Al Imm DJEED T — /LT 1T D45
fEC1lkrad (BTl 30krad) LHEEL TD, ZORST &KL T, JEM-EUSO T 9258 dh %95 70MeV
B5 1R E — AD FREHC LD B RRTHE D7 AN i LT,

1. HBY

ORISR O TR UL, SHIIMERE R R XA DR T D, HEHRRTIE DM TV D O3 RFE
T HIENEL BUEI AN R XTI TG, F07=50, —HRERICEB T, H 72 R 2 F > T 5
TEMHER TR, FHIS DR AMEICE B TE S,

ARG TIL, EBE T AT — a2 AT HAE T LTS TS AT — R i M OV B R0 4 2 ot 2
R HR I R ATV, BRI O R 2175,

LAEFET, BT — P — ROl —F — Bl O R AT,

2. EB
FH ARG AR T D720 . TR ILX —(70 MeV)D R -4 A2, BRET508 2cm fAFEE DO KEEZDHD
ZHAR R0 T, BEUARB LU 79 —Z2 V- 10cm BEAEDOE — L& # 45,
FlE =% ZHETIZ, LT ORBRZITV, + RN S L2 e 2R L TD,
- EAHEEEHREERTY 22—
> DC-HVDC =>/3—% (EMCO Q10N-5, CA12N-5)
> DAC(AD5320)
»  OP-Amp
> FET
- ETFHEEE M
>  ERAR=2Z MAPMT UV #52
« EHEE
« B RN R RS 7 A RMOS YL —
> K TFET AQV258
- EEHAHLED (JEM-EUSO #3E i#gs iF FHYETR)
>
>

340nm Seoul Optodevice #1: T9B34C GaN %
360nm Roithner #1: RLT360-1.0-15 InGaN
> 385nm Roithner £t RLS-UV385 GaN %
« BIENET A VH (ZER T — D% SRR H 7 4 1)
> AR R ORI L
- A (KRR OEE=FHL—F—N)
> —— R
+ ASIC
> TursbhTUREHHH Q-T Z£#t ASIC
>  7nrhxlUREH A ASIC
« TIRF VIV R
» PMMA-CYTOP

AlE] BELE 7 UiE, ITh A,
D L=V AEH LV —F AR
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@ Quantel t:#¢ LD
@ Coherent -5 LD
@ Northrop Grumman L8 LD

2) WEEHH FERIE RS
-BaB, 0, i (BBO)
< JE 55 W SR E EERL R = A T R T L di (PPSLT)

WRIZHKTHA ORBRAER 2T,

1) L—PF—FAF—F (RKEKOEE=FHL—F—H)

F 4 13 JEM-EUSO Z S IED 7212, KM OVETH & EE R E D725 @ LIDAR (Light Detection and Ranging.,
Laser Imaging Detection and Ranging) % BH%& L T\ %, LIDARIZH V% 355nm L — — LI D H 722 g h = - /N b
&L BB o EMER ool L= —REDD O, FHREER2HL ——F A4 —FK (LD) O J i
PEIXRZERECTHD, 40l FIZELEEE2A T2 3RO LD 2oV T, FREHT IR O AN AR E R E L,

.)(»—jj__

O Quantel #E:%¢ LD

@ Coherent #-:4 LD

(® Northrop Grumman #£#%
« Hi /7 : 200W (QCW)
KB 45 2

-E0 LD Z15krad } O 30krad DR A RS LT,
ZOFRER, WTNO LD IZBWTH, B FHRIBEHICEDH I DOIK PR b7z,

2) i REERVOEE=FHL —F—EH)

F# 1% JEM-EUSO ZiESEFLIED =012, K5I OZETEE FEHIE D=9 O LIDAR %#BA%L T\ 5, LIDAR |ZH
V% 355nm L —H— RO e B @ gh 3 /N b B L OV UL 2B ED R IR CoZ ErER L9121, AT ~%5
I IEFAED T DIEFRIE N F 3 T DO SR EI IR EEE CTHD, Al IERIE I FHRE RO BT AT ~45:4t
fEIK COW EEHL RN KEZV BBO, PPSLT (Z2OUVT, ISS #3E FCoOFHEIEEL . BRI PED R & 517>
77

(DBBO i

B A X:Z3x3mm  £X5mm

Fm N T L—Y— 7L — NP BE + i if S5 B 15 @ 1064/532/355nm
¥ &2 1A

(DPPSLT ##

P A X 3x3mm £ 10mm

SrRRJE 30 S/m

FHM T L—P—T L — R &
¥ B2

Tronsmittance [%6]

0 kaad

15 krad

— 3 krad

230 350 450 550 650 750 830 950 1050 1150
Wavelength [nm]

[11) BBO s D ILAR T L
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Tn0or

Transmittance [%]
Loy
-

—{ krad

15 krad
20 F

30 krad

230 330 450 550 630 750 850 950 1050 1130
‘Wavelength [nm]

[B42) PPSLT i DRI AT [

EBA T, BBO ftaajbi()\ PPSLT #& it 7112 15krad J2 OF 30krad DRSS 2170, BBEFF =R DAL & fe il
L77 BIRROBPEITIL, 4306 F (Shimadzu UVPC3600) Zfd L7~ [X 112 BBO # il D FET AT - BRI % D%
‘ﬁx«"%/vé?#o #%75)% L —W =R K (AR THD lum i ETOMREOE RAERIZB VT, AT
% ORESE ORI AR T MU LAV RO D > T,

F7=., PPSLT #5 5 D BBE R OB AT MLEK 2 12759, BBO ERIEEIC, #6400, L—H =R E (JEA
) THD 1um 15 ETONE AN BAEIRIZ 3T, FRETRTE O S OWILART MBI Abiveh -T2,

ZD PPSLT (%, D SCERFE A, I RAHNRICKREEE RITT 720 B FHRIREHC LD 0 2203 s
WDIAEID AFM MRZ 7 B IO 7 p— A~ A 7nAa—7 (PFM) 2 VT BRI 1 OfE s 28152
L7ze B 3 ITBIERE D — WA 7T, BIEZZD#E R, 30krad £ TOG RS T . RO - ELNARE TR OD D
IR Tz,

PLEDOFERIZ LD SRAMRIE A IR AL T2 BBO LN PPSLT fEfhi% 1SS BREECoof IR e
VNIRRT TE 24 32 2 E D e D BT,

-

[um]

[uml

0 50 100

im]
= 192254 1154 " 851
[X3) PPSLT #idt D DEE T (J£: AFM "R 757 A A= 45 :PFM KA A A—)

3. £&®

JEM-EUSO Tffi 92585 IZxE 95 T0MeV 5 1-#RE — LD BRI KD B BRI D 7 AR Z SEhti L, 1SS MR BR
BEIZBWT, 10EROB L8 &E1T. Allmm OEEDY — VT 4 7 OS5 T 1 krad 2725, L—H —fihid F LD
K ORI Fofit b DR BR A 1TV JEM-EUSO FEL Tl CXAZ LA TR LT,

i

HCSRE B BIERT BB YA 7 mhr & VT, ARBROATOMR 15, AR BB R A1 DL ok &
Lz, PA7mbas ORI/ P 805 )7« [CE#E L £,
e 2D &N

[1] “The JEM-EUSO mission,”, Y.Takahashi et al.,New Journal of Physics, 11, p-065009 (2009)
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7—1. BFREFICETFEIREATLESUVICERET TOMBBIEHR

7 —2. ¥RREERIROptiCell ZHHL = TOMeV BFHED
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CELL KILLING OF MAMMALIAN CELLS AFTER EXPOSURE TO PROTON
BEAMS UNDER OXIC AND HYPOXIC CONDITIONS
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Biological effectiveness of 70MeV proton track using OptiCell cell culture system.
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Background: While the pace of commissioning of new charged particle radiation therapy facilities is accelerating
world wide, biological data pertaining to chordomas, theoretically and clinically optimally suited targets for particle
radiotherapy, are still lacking. In spite of the numerous clinical reports of successful treatment of these malignancies
with this modality, the characterization of this malignancy remains hampered by its characteristic slow cell growth,
particularly in vitro.

Methods: Cellular lethality of U-CH1-N cells in response to different qualities of radiation was compared with
immediate plating after radiation or as previously reported using the multilayered OptiCell™ system. The OptiCell™
system was used to evaluate cellular lethality over a broad dose-depth deposition range of particle radiation to
anatomically mimic the clinical setting. Cells were irradiated with either 290 MeV/n accelerated carbon ions or 70 MeV
accelerated protons and photons and evaluated through colony formation assays at a single position or at each depth,
depending on the system.

Results: There was a cell killing of approximately 20-40% for all radiation qualities in the OptiCell™ system in which
chordoma cells are herein described as more radiation sensitive than regular colony formation assay. The relative
biological effectiveness values were, however, similar in both in vitro systems for any given radiation quality. Relative
biological effectiveness values of proton was 0.89, of 13-20 keV/um carbon ions was 0.85, of 20-30 keV/um carbon
ions was 1.27, and >30 keV/um carbon ions was 1.69. Carbon-ions killed cells depending on both the dose and the LET,
while protons depended on the dose alone in the condition of our study. This is the first report and characterization of a
direct comparison between the effects of charged particle carbon ions versus protons for a chordoma cell line in vitro.
Our results support a potentially superior therapeutic value of carbon particle irradiation in chordoma patients.
Conclusion: Carbon ion therapy may have an advantage for chordoma radiotherapy because of higher cell-killing effect
with high LET doses from biological observation in this study.

1. BE

B RRE PR AW IR O KRB« 7 1 b a Ufigg (NIRS-930) 1230 T, 70MeV ZHNEH S Au7ohi
T#E, AR E -8 TR AZ1To72 (1), MEMTIEIZ D=L X =D #a AT, mElC
ITRE L TN (2), ZHE CIHHBHSE TIIAEWERIC AT - EERE, EEORIR ENMTH
nTwiz (3, 4, 5),

BF# 0 Relative Biolgoical Effectiveness (RBE)IZHlAgICIs L% 1.1 F2 & S, fhd{X LET
(Lineaer Energy Transfer) R CTH D X ol o~ UM EE2 oL STz, Ll
T, 77 v 7 E— 7T, & LET iR & ORIES B E T L oRELHY (6, 7,
8). MEMIOY A 7 harDLEAIZHBWTO RBE Z ML T AM0ENL L L& 27, Therld,
NIRS-930 T 54505 T RO LM R ZRFET H720IT, T0MeV (TR 7=k 7% VT, Z O
DT HEMEET S HIaBAARZ L LT OptiCell 2 L=, REE IR HRIEELZ L<ITbhbF
RIEOHMIL 2 FV =,

2. RBMHLEAE

A) Cell Culture Condition

The human chordoma cell line U-CH1 was kindly supplied by the Chordoma Foundation (Greensboro, NC,

USA). The U-CH1-N cells used in this study are a subpopulation derived from the original U-CH1 chordoma

cells at National Institute of Radiological Sciences (NIRS) [16]. Cells were grown in a-MEM (Invitrogen, Carlsbad, CA,
USA) supplemented with 10% (v/v) fetal bovine serum (Sigma, Japan) and 1% (v/v) antibiotics and antimycotic
(Invitrogen, Carlshad, CA, USA) and they were maintained in a tissue culture incubator at 37°C in a 100% humidified
atmosphere of 5% CO2 in air.
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B) Radiation Condition

Hadron irradiations were conducted at the NIRS in Chiba, Japan. Carbon ions were accelerated to 290 MeV/n using the
Heavy lon Medical Accelerator in Chiba (HIMAC) and protons were accelerated to 70 MeV using the NIRS-930
cyclotron delivery port in C-8. Dose rates for carbon ions and protons were set at 1 Gy/min. Monoenergetic 290 MeV/n
carbon ions have a LET value of 13 keV/um on entrance. Monoenergetic 70 MeV protons have a LET value of 1
keV/um on entrance. Maximum doses of carbon ions and protons were delivered at depths of 14 and 4 cm in water,
respectively (Figure 1) [21]. X-ray irradiations were performed using a TITAN irradiator at 200 kVp, 20 mA and 0.5
c¢m aluminum and copper filters (Shimadzu, Japan), at a dose rate of 1 Gy/min. Gammaray irradiations were carried out
at a dose rate of 2.5 Gy/ min at Colorado State University (Fort Collins, CO, USA) using a 6,000 Ci (nominal activity)
137Cesium sealed source [Model Mark I-68A (SS0056) J.L. Shepherd, San Fernando, CA, USA]. Irradiations were

carried out at room temperature.

Figure 1 Dose and LET at each depth in water. Open circles
represent relative dose of proton (70 MeV) compared to entrance,

and closed circles represent LET spectrum of proton. Open

triangles represent relative dose of carbon ions (290 MeV/n)

compared to entrance, and triangles represent LET spectrum of

carbon ions.

C) Cell Survival Assay

Cultured cells were trypsinized and re-suspended into complete
growth medium. Once re-suspended, 10 ml of medium containing

8,000 cells was placed into each individual OptiCell™ cell

culture vessel (Thermo Fisher Scientific, Pittsburgh, PA,
USA) within 3 hours prior to irradiation. The chamber
dimensions were 2 °— 65 °— 150 mm with a maximum
10 ml volume capacity. All samples were stacked in
layers and arranged perpendicular to the beam paths.
Immediately following radiation at doses of 1, 2 and 3 Gy
(of exposure for the first chamber) with carbon and proton
particle beams and of 2, 4, 6 and 8 Gy with gamma-rays,
cells were incubated at 37°C in 100% humidified
atmosphere of 5% CO2 in air for 3 weeks. After this
culture period, cells were washed with 0.9% NaCl, fixed
in 100% ethanol and stained with 0.1% crystal violet.
Colonies containing more than 50 cells were recorded as
reproductively viable surviving cells. Cell survival assays

were carried out in as many as four independent replicates.

3. #8

A) Cell survival versus depth in water

Cell survival assays were conducted with our stacked
OptiCell™ cell culture system, and cells irradiated with
carbon ion and proton particles. Positions of OptiCell™
chambers at each depth were altered to the depths in
water using the physical parameters determined in
our previous report [21]. Bragg peaks of each carbon
and proton beams were delivered at depths of 14 and
4 cm, respectively (Figure 1). Survival fractions were

gradually decreased and minimized at the Bragg peaks.

Survival fraction near the Bragg peaks for carbon
showed lower survival fractions compared to those for
protons (Figure 2A-F).

Figure 2 Cell survival curves at each depth in water. Cell
survival assays were conducted with stacked OptiCell™
cell culture systems, irradiated with 290 MeV/n carbon
ions: A-C and 70 MeV protons: D-F. Error bars indicate
standard errors of the means from as many as four
independent experiments.

Survival Fraction Survival Fraction

Survival Fraction
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B) Cell survival at low LET and at high LET

Cell survival in the OptiCell~ system for U-CH1-N cells was evaluated in response to three groups of LET values
for carbon particles. LET values were assigned to 13-20, 20-30, and >30 keV/um value ranges. Higher
LETskilled more cells. Proton particles were considered to be of low LET value only. Depths in water were
translated to radiation doses by referring to physical parameters as our previous report (Figure 1) [21]. The
survival fractions that correspond to the doses were then plotted (Figure 3A-C). Cellular lethality caused by
carbon ions was found to depend on both the dose and the LET, while in contrast, that caused by protons
depended exclusively on the dose in the range of LETs in our study

(1to 10 keV/pum).

] A. Photon radiation 1 B. Proton 70 MeV 1IZ:. Carbon 290 MeV/n

0.100¢} 0.100¢ 0.100 }

0.010¢ 0.010¢

0.010 }

Survival Fractions
Survival Fractions
I,’
P
Survival Fractions

00014 6 & 2% % 4 6 & 0001,

Dose (Gy) Dose (Gy) Dose (Gy)

Figure 3 Dose response curves for proton and carbon ions. Survival fraction per dose obtained by OptiCell™ was
calculated from Figure 1 and 2. Cell survival curves in standard cell culture dishes are also plotted. A. photon radiation,
gamma-ray survival obtained by OptiCell™ was described by closed circles. Standard survival assay for x-ray was
described by closed triangles and gamma-rays was described by open circles. B. proton, closed triangles represent
OptiCell™ survival and open triangles represent standard survival. C. carbon ions, closed squares represent LET 13-20
keV/um, open circles represent LET 20-30 keV/um, closed circles represent LET >30 keV/um obtained by the
OptiCell™ system. Open triangles represent monoenergetic carbon ions LET 70 keV/um. Error bars indicate standard
errors of the means from as many as four independent experiments.

4. ER

Our chordoma model describes a more biologically representative assessment of the true radiation
responsiveness or resistance to varying radiation qualities (high versus low LET carbon relative to protons and
photons) and doses with respect to charged particle beams at energies and at doses currently used in the clinic.
Our data for a rare and difficult to treat chordoma tumor type indeed confirm that chordomas are exquisitely
more responsive targets to carbon ion than to proton radiotherapy from an in vitro biological standpoint,
principally in light of a unique dependency of carbon ion effects on both LET and dose on cellular lethality.
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