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BMEHRY 20 8AVERDOERIAR (F/K 28 F£E)
REPORT ON NIRS CYCLOTRON FACILITY

R Y BH 280 tE B 26 200 2R 6% WK EF."
H =AY BHF 8<.” BH S8 U HhEP
Ken Katagiri, Takashi Wakui,® Satoru Hojo,* Akinori Sugiura,” Nobuyuki Miyahara,*
Keiko Kawahara,™ Katsuhito Tashiro,” Toshiyuki Shirai,” Takanori Okada,” Isamu Aoyama®
N BFRPRITTARRFAEE REHREZRSHRA, P MEETVIZFY IRt
AQST/NIRS, ® Accelerator Engineering Corporation, Ltd.

Br=

EWY A 71 b a UiiiiE, 268094 70 ba v z2eatiiikosdi] - A2 AR G IEFH I
DTET, FINTOIER o7 a—75%, ZOFANTORA B0, > v L4 L0D%
C DEEDBEERIBI ICEDEFEICER I N TS &) 2 EDRENT A 72 ko v iaRoR#H T
Hb, FEEDOREY A4 70 1y OREIEEEIE 1788 K THh > 72, AEEIZAEYE — L824t %
P L7 — AR OB ASHIL S, BIEEIC R T 25% ML 72, Zoft, ElR7 AV F—7
BRSO ToY VAT T4 - E— LRI B0 L 758 iR & A= (L 72, fa
BRI & U CHATEEICHER T SR L 7z, /MY A 71 b o v ORERRRFEZ 1542 FEETH D, #i
FEREIC R T 7% L 72,

1. BFLIC

TR AR A IZEAT (D) 13RI . AND 2 BDY A Z7m br s kb, BEY, Yy, 49
VRIS BT R  BAED O, Ak A A v E— LR T TE (1), Bic, BT
WTDIEF DT 70— 76%, ZOMANTORA LGOI DIC, w2 v I 4 LD DEIEGH
PRI R DB ICERL I N TV D &) 2 EWRENT A 70 b o ViikoR#cd 2, Fig. 1
WCIRENFY A4 70 Faviigodr 4 7atoy, E—A PS5V AE—F, BREE—FZ2RT, KBS A

il

g

Figure 1: fREEWH A 7 0 b v > figk
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Table 1: € — AR @O, MU Z0#EG

v — LM & TR () #HE (%)

(1) BAVSE 20 704 39.4
() B 20 275 15.4
(3) AWt 8 0.4
4) AR E — L2t 187 10.4
5) RIVAYT4.-E—Li 615 34.4
it 1788 100

Table 2: KA A 70 b urpofifgIni-t— L0 & Z D7 OEERH

A % il IR (h) A (%) | TRV F— MeV) R (h)  EHA (%)
18 175 9.8

30 91 5.1

R 831 46.5 40 86 4.8

50 13 0.7

70 415 232

80 51 2.8

H T 78 4.4 20 65 3.6

40 13 0.7

24 158 8.8

REZTTAF 299 16.7 24.5 134 7.5
28 7 0.4

26.5 34 1.9

27 8 0.4

34 392 21.9

NYY LA TV 513 28.7 40 9 0.5
50 6 0.3

75 46 2.6

100 17 1.0

RFEA X v 37 2.1 215 22 1.2
216 15 0.8

FEA VAT 30 1.7 120 30 1.7
A 1788 100 | 1788 100

71 + 1 v (Thomson-CSF 181 930 B AVE 44 71 k1 V) 1%, 1974 FEICHAWOEEM DO 4 7 1
Fer e LTERSINIDDTH S, T CIHEEFG S 43 E2FEE L TR Y, flils 27 4@
MOEMBEDBEZ2BWAH A VE, BEFLDLDIZY 7V A ADRBEREIA L Tw 5 R
WTH B0, Ay 7 DR - FHICK DBETHHEIEDTZA TS, ZORMY A 7a b iz, B
T, HFTOARZLT, NUDLAF Y, REAK Y, BEAX Y, FAVAF %, LS A A
YE—LDOBHEDHEETH B, b I oD/ A 7 a b a X, PET EANH O B B 0 42 5
ZHE L C20ERANCEAINZZSDTH D, 1, ELToAdHaaniETtds, s OhE
mh oL, Gl 8 DDA R — F (C1, C2, C3, C4, C6,C8, CY, C10) N A A v E—LPHE I TW»
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%, Cl, C21F, FI/NES A 70 turhsoBfE— Ao S s le £ — FTbH Y, PET #HH
FAO R PERR (11C, BN, 18F) ORI OBV 545, C3,C4,C9 BATY 4 70 b vhsnE —
AP IN SIS R — FTH Y, ERADSIS L BEHEREOBLE I 5 Twv 3, C6, C8,
Cl10 bHEERIC, KRBV A Z7ubua vy —aMHGIN2BER—FTH D, WY . EYroty
DIEERIEFEEBR D - DI HB s D,

RAEED KR A 70 b o v OREERL I 1788 B TH D, HIEEICHRT 5% MM L Tw3,
SR ORI A AL - 72 AR E — 2MRETH O, AEEIXRTEEIC AR T 25% B L7z, 2
D, V7L A ALERYHLEBED T X — S IO 70, ROENT A Y b — 7 E5 s
DEFEVANHA T € — LD DI, 2 Y RY T4 ©— LA L 7SRRI E < Bhn L
7oo /NHY A 78 b v v OFGEIKRFRE 1542 IRFECTH D, BIEEICHART 7%EEM L 72, DLNICA
FEEICB T AENY A 70 b e ViEaEOEFICET 22 L0 5,

2. K8 7aOMOYDERADIEE
2.1 EERRE
AR, PEO@E IR A 7abn vy Z2EHL 7

o WU VHA L 1M 3/28-9/2, I 9/20-3/10

o RMIX v Ty A/ 9/5-9/16, 3/13-3/24

o LIEHDMERANE T4, 510 1A

o U—AFIHIIRH  8:30-17:00, Z—H—DHHIZ LD 19:00 £ TERDOELAHD

KEFEICB TS, RS A 7 turhrofffsns e—oofffEkes 2ok, Saz2nR L7
D% Table 1 IZR”"T, £ A v E—L2DHHDHEIZ, 22— —DFFHHEHWICZH > T, Table 1 D (1)—(5)
i ensg, (1) %, ZWH - IBEHOBEHERAIRE D7 oI, 4 BBESEEMOELEZ1T9 b
DTH b, (2), Q) lFznzn, FEEER YL H-YBsY, R 0%, BRIESEHZETES)
2179 b D, FEEEN 2 B SR (SRR ey, MR RS 2179 b Th Db, To i
MEMORRE T Tk, INBFEEE O 21— —Ic ko ThHEEI N2, 2—F—1Z, B E
DOWEELZRHT 22T, HEICTE—22HHTES, 4)1F, BROREZPEZ 1202 —H =23,
B EEFEOREORDL DI, AEICTE—L2DOHMAZITI bDTH S, 12— —1F, T/
B, —MBEOWEE - EifiETH 5, 5) 1%, UMHREEDORY v 75, i — L oEmE - L8
bD7Diz, E—LAY T4 - #EEZTIDDTH S, HIERTE L TiRDZVLDIX, (1) DIZEAIG
ThH, ZOHKIZBELZ 40%I2H R, “HHIZZ VDX, G) DLV AY T4 E—L%ThH
%, HIAEFEDSAK 27 4EFEIE 350 RFEIFETH D, 8L Z 76%bHIML TWw5, Zid, Pk 2843 H
WY 7V A AL LEED 7 XA =Y koo, KX (1) TERINLE—L0 ENTA Y
b — 7RO LS O otk 2D -0 TH D, (4) DEHEE — L2083 187 KFE T
HY, BIHEED 149 I AT 25% BB L CT\w» 5, EEEEIE 1788 HTH b, Z OfEIZHIE
EED 1707 RFENZ AR T SRR M L T 3,

Table2 12, KEIY A 7 b ick eI N E— L4 L 200 OEIERF, Z0EE&%25R8T, &
DFHOEEAREIX, Table 1 D& (1)—(5) DETEMTICANT b DTH %, HEEFFE D 9 B 200
(BB FE—L DR IClibN TS, 2O THEIEGRE VDI, VHIZE, £Uirs, GHER
Iz TE 65 T0MeV DFGTE—LTh 5, Hit\> GRERFOFGRZ VDI, KEEIE
W THEbN BNV I LA T TH S,

E—AFAAE S & DRtEkIZ TREDED TH 5

o B AR
Table 3 ICKEEFNED - DI I NI E— L4 L ZD -0 ORI 2 /R8T, i b EIRRE 2%
VDI, NV TLAFTYTHD, BERD43.4%% 5D D, Z D TH RV L 72 34-MeV
DNV LA F L, BT A Y P —=7EEAEAICH s 2 AL MAs OAFEICI I SN T
Wb, DALY D7D OMIERIRGIE, BREAIRICE S I NIEIERRO 9 5, 33%% 59 5%,
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Table 3: BEXAMIED 7= DI KT A 7a ra oI Nz —2o L 2070 OB, kUZuc kb
PRI N7 B R RS

A % Ul HERIER] (h) A (%) | TRLF— MeV)  HESEFR] (h)  EHA (%) BEI N GE
18 84 12.0 TAs, 11C
R 173 24.6 30 52 73 58Ge
40 31 4.4
70 7 0.9
HT 54 7.6 20 48 6.8 186Re
40 6 0.8
24 98 13.9 64Cy
KEDTFAF ¥ 171 24.3 24.5 70 10 64Cu
28 3 0.4
26.5 19 2.7
27 5 0.6 T4As
NI LA T 305 43.4 34 233 33.1 2UAL T4As
40 9 1.3 67Cu
75 40 5.6 28Mg
it 704 100 | 704 100

Table 4: Fffi S N7 WBEDESE - EWIISED T — <, &7 — < OFIICB L TR AMAHREHE 2 S RO 2 &,

F—<% LA VE—L
HET 2L X — k112 & 2R ED % 40-MeV Bt
FRICK 5 L 202X —MhEoO0Ic B3 2 1% 215-216-MeV jRFEA & v
BT & et /712 81T % fif @R~ A2 B EE Ay W IR o0 I 2 40-MeV P51
YBZE RGBSR PR EA b o Hh i S R 80-MeV 51
TR FEE B TR D 72 0 D ILRE R TGS 12 BY 3 2 ffF 48 70-MeV B 1-
G LB FRRIAR I I 7o HTHA 2 — 2 v T B o 70-MeV B 1~
T R B T IR E R 2 RTLFEN 2 74 TV A v OfE#E 100-MeV ~) 7 LA F ¥
T R O fiif B R B A HH 2 0 B E 70-MeV B 1~
EPTE B RRIEENC BT 2 KA T & o IS KIESE T T oMlasgsh R 70-MeV B 1~

o VIBRISE - IS
Table 4 (Z A EFENEIC S X N7 WEIRFSE & BT D T —~ %2 $, REFIE, WIETEIE 8
T—=, EUNZEIZ 1 T—<IlZ OV TE—aDMEMTO N, YEWFRIZNEEE IR T 77—
<BEL, EMIZEE 2 F—<Ed L7,

o HfHE — L4t
Table 512, REBEBINLEGHEE — L1 T, I NZE—L4 &£ Z D7 OEIER %2 7R
T, 90%LL EDIEEDY 70-MeV B T OMFGICEPL I T 5, SRR 1 187 REITH b, Hi4E
FED 149 FFENIZ AR T 25% M L Tw 5,

o RTVARY T A E— L
Table 612, WY AY T4 - E—Liif#L L TEPLAKRY A 7 v b v v Oi#lkkRE %2 Rd, #
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Table 5: HEHE — LR TR A 70 tu v oI E— L4 L Z D7 OERIRH

A4 v GEEERR () HE (%) | TRLXF— MeV) SEEEFF ()  EHA (%)
40 12 6.6

(R 187 100 50 6 3.1
70 169 90.3

i 187 100 187 100

Table 6: v Y 2% 74 E—LFHEE L TEP LAY A 70 b o v OEERKHE

A A v Fl JEERRR (h) #HE (%) | TRV F— MeV)  HEEFFHE (h)  EHA (%)
18 91 14.7

30 40 6.4

(R 221 36.0 40 23 3.7
50 3 0.5

70 34 55

80 31 5.1

HEr 24 3.9 20 17 2.8
40 7 1.1

24 60 9.7

KRETFAF v 128 20.8 24.5 64 10.3
28 4 0.7

26.5 15 2.5

27 4 0.6

NYY LA TV 190 30.9 34 159 25.9
50 6 1.0

75 7 1.1

RFEA X v 31 5.0 215 22 3.6
216 9 1.4

S I 21 3.3 120 21 33
it 615 100 | 615 100

HRIRF X 615 RFfECH b, HIEED 350 IR HERT, BXZ 76% 58N L T3, I OiEiLR ]
DRIz IEMNE, PR 28 4 3 HICHD H LEEERDOEH 21T\, Z DMK/ 7 X — % DiEfbic
R 2B L7228, KO, (1) DIEEENRIC THEEI N AR 7 A Y b — 7985 i i
(CUAL, ™ As) DRI R EFED - D12, NI LA F v E—LDEmEN - ez Ho7-E—24
IEE . e IR 2 B L 2 2 EDERETH S,

2.2 WMEEFICKSHEBDEL (2]

AAERE, MBS L > THEUERY A4 7 a b oy o k&R Z OEFE% Table 7 12757, B
HLERIC & 28 IR ICEERTE AT TS, 24U, FRR284E 3 HICH) Y L 3#E %
DHEFERIT, ZOHEH NS X — 7 DL E T2 E L 72720 Th 2, ZOEILEH oM X
D, AREEOMREIEIRR] (34 IRFA) (XWELEES (27 RFfE) 12 FERT 26%38M L 72,
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Table 7: #fE%: 1 k 2 KEIY 4 70 kv v OEIERE, ROZoOFNH (2]

1R D {55 1IEIRF[E] (h)

B HLEER @#ET 7L 75 —) 14
RF %
il
E— AR

bEa—<2ry1o— <1

at 34

Table 8: /MY 4 70 v VBT 2 ©— A HH @R ORI R, KOZ DG (2]
E—2FHHAE A AvE—L GEERF ) FHE (%)

MEEEIE 18-MeV BT 1544 93.3

9-MeV HP 1 94 5.7

VY VARY T 4 E— L 16 1.0
it 1654 100

3. INEHsoahaYnEM[2]

N4 7 ka3 E T RAHE L, PET AN 2 R SEH] (e, BN, 150, 18F) o4
BEDOOICHEN TS, NIV A 7o ba v icBd 52— a0 HHRNOEIERE, Zo#E&%
Table 8 12T, MEIAFIRID I B, 1%IEeS VAP T4 E— LI, HD D 99%I3%E
AR D 7 DI S 7z, B DR 27 SEEEIC B 2 HEIRR R 1 1542 KEETH b, AREEIZZ
TUTHRT 7% ML Tw 5,

AR ~ 7 7V DFAEIT LD 30 0L OB OE AU 2 2 L b #EL, EF iR 2 1T
I EMTE T,

25300

[1] T. Honma, et al., Proceedings of 18th Int. Conf. on Cyclotrons and their Applications, Giardini Naxos, Italy, 2007,
pp- 137.

[2] S. Hojo, et al., Proceedings of Particle Accelerator Society, Sapporo, Japan, 2017 (FSP032).
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NIRS-930 b & O FO YV DEEH L UEBHEIZDUINT
STATE OF THE NIRS-930 CYCLOTRON

g B OBEF OREFEN AR B 2 2R A BN
&) FH .a;ﬁ'i L IJJ=’CB =E33 ﬁ&ZA
A
Satoru Hojo , Takashi Waku1 Ken Katag1r1 Ak1nor1 Suglura Akira Noda ,

Takanori Okada , Isamu Aoyama Hiroshi Il , and Toshiyuki Shlral
A.H%ﬁE%QﬁﬁnﬁEﬁ¥Eﬂ%t/9 —YEIZF
BIRFIU =T ) VIR R

B

HEMO KA A 7 12 ha NIRS-930 1%, ¥ E SN THOLEEIZ 40 A2 2 TV D08, HHERN
JLSEDRGEZ Ok 2 R BRI TR STV 5, SR I8 FRIC A R DT, Wk 23 T~ /R T
4T TF L FINDEH, TR 27 T 7 LI X DOEF &V o T EE IR O T AT Voo, E
B ELATV R DEERZFET TV D, AFEEIL, REEICERLICHET 7L 7 X AT LADOBEPFRO
HERZERH Lz, 610, SEREHEE LT, BEERDOA LT T AR, GHRDOA T F U A% B
ZRolDT, TNHIZOWTHEEITY, £7o, MW EWA 4 THDHRHED 216MeV DEVT R
N —DE—LAONHEHEEZITV, ERa—F—~ 5T R TE0 T, fHETHEEZITO,

1. TILYVAEBREHERTLORAR

WEAREEE DT 7 L7 BV AT AOFFIE, @IEERS EHaiTo7, ®IEERIX. A<
A RNT =D SL6ON300 ZEA L7c, mEEROHIE S AT ME, —F o —e &y F 3R
NERWEV AT AERELT-, SEEBROMECERE 2R LB H 1% B8 C i 51108k
Lo TWAHI®, FEBEICK L TRHEEORARTHRHAZEA L, £z, MHEELERO
KR FI DAL AMEIC 722 K OI2, MINEELERD ML v REHRZEA LT,

- perLECT POWER | r ON |
PRESET: F -
45.00 1 [0 |

DELTA_P: ACTUAL:

QO +o0m 44.52 vy

2017-06-14 (WED) 09:32 AM Deflect_PS FAULT EXT_INTERLOCK

1. 77 V7 2 BRI B 2. 77 V7 2R L2 R

2. 216MeV C5+ E—LFAE

AT, - —LA L LT, 216 MeVCH D B — AFRI 21T, B — AR 1T > 77, 216 MeV
DR L BRI ORI OFREM 1X. mROMITE, SENE, B %Z 19.9 MHz TO E— A0
WERBIpolc, AFPRNBIL CTOA A E LT, MEAFZITONY A 70 e b0 H
L%, WA 7+ ANV EBLTofliAAr LT, E—AaEITo72,

A0 b ~DAFT LT L, 51.5keV TH DD, A A4 PRICIF+H10.3 kV ZEIINL T
W5, I, Bl EH UEMIZ-SKV OFELEZNMTDHZ LK, A A VFENLO5| & LEEI
183 kV Lo TWD, ZORDAF RN ED CPDOE—LEIL 6 pA ThHholz, /fﬂ‘/ﬂ?ﬁﬁo
6 PA DA TH A 70 b bt 12 pA DE—LZ RO T2 N TE, ZOE— LB T
TRVFX—HEE LIZFER 216.5MeV Th o7,

3. BABRAVTFVAR
NIRS-930 ¥4 7 11 b 1 O E AW RIL. Dee BO TN TV C, [FFHHOEEIS 27 ADOREES
& EMRI ;5TAD#%L#ottwiﬁ&m$»%A//%@A~A7wﬂzw&47®\
RE D ERKEEM T RO g — MY A ZORRICEFT SN, EFH SN THDHINE T,
A= —ICLDRERA T T U AMEEREIIIT-oTELT, XL —F—|2 L5 HE AR E@SHN
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A ANERED R EITS TE TV, BRI LV 104FE L o= EmEIRICB W T, A—T—IZ
YA A T oA EER LT,

A== EDAVTFT VAT, Ya— MO Z T N7 40 H—D%H, Dee D%
THEDOAZHE, S EEDOHI% TO IR OFFRHERIESE 2 B 2 /o 7z,

Ya—MMROaAE T T 4 TR EBRDONT AR BEMNEL o Te DT 5 b
AL DPET OB RN Z Eb b DM, WMV LImar 27 NI, Higr) BAF 7 REE T,
NI AL BRBVITENLTODIRETH D Z LB oTo, Dee BMBOMEZF AL, R AMNEL
RoTLE-TERY, EHTERMITEBL T LE>TWAESNH -T2, KHEiTol-, &
Btk ORI OFFFEORERE R, Q HIXRAFRIREZ R > T D,

X3 EmYsLiziggxtiEarso b X 4. XPFEOIHBZIIE

4. FHIKY AT LDEKE
HAara harDBEHKS AT AMIBWT, A F U RHBIEE O EEH & . 7L — FREGTHEE DTSR
BEDBHIKY AT AOBNEZEIT o120 A 78 b OBHKS 2T L0 2 IEHKIZ, ARRIOH A
78a ha KRR E— AL T A EFEROBHEIZIT O MKRKETH D, Z 0 2 WHEIKDOHIK % B
ELTWDA IR B W T, B EIC X VKR BEL TVl OB E2{To72, ZIE
TORNEEIL, T0L BEZANTEY, FFEIC—EORHZ L L T\ ied, FEDRKE <, HREE
DN TH 7=, RENEEZMALT 72010, BEZ RV /NS ULEHTOIAEZHEC L CHEKE
EIREERDEOEHEIToT-, £, BIEOMRESLZ RRICRATEX 5 L 51T, MIFEICE~ T
T — LRERERT & OBE R AR E LT,
TR E72, 2 WIHHVKOBIREMLAM T D 7 L— b AL
Y ' B OEREIToT-, A28 harOBHEIKY 2T AT,
BIREI O 1 RGEIAKE LT, 4 71 b o o @t
IR B SN GBEARERC LV ESN-HAKE AT
WD, ZOWIRKIEATT 10 FERTICHER SR TH
= 5, BAHEROIERIL. T OBIEKIE AR A T LB
OfRTEREIT > CLUSET, 105D ThHo7-, B4
L OfRL, TRTOT L— F BB A —H —I X D IR
P o— VNN O A EE LTz, 7 L — F A
Ragn 2 WL 5 2 WRHEKIL, ARfilOY A 7 ha K
RO — gk 7 A v L ZBIROGENZT 5 MiAKRMT
BD, TDOI, BAHERD 2 IS HK O L — FFH
DEAFZERENIL, bR hoTz, 1 WEGEHKIZIZ K
EHWTED, SHICEKEICHEMEPHEA TS0,
FED X O RIENNBEE Th o T, ek D 7 L — MW
T, DEREENTWEEEICLI0DENCRHE Lo Tz
HLOIFXRLNT, BFRREETH 72, L LARL, 1k
WHKRFIZEB N T, BESC/ LT A N L—F—5DE
LD D HEA TR Y | BHEOXR N RAIINETH
B Mot

X5 71— FEHgs (ORET).
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B4 o0 bOYORBREFADIE - FAFEASOFI R

Production and Development of Radiopharmaceuticals Using Cyclotron in 2016

KA . &K F. Fith EFEXR. Bok Bz, WA IE{T. KiE SAKER.
AR FORS. R OBAR
Makoto Takei, Hisashi Suzuki, Tatsuya Kikuchi, Masayuki Fujinaga, Masayuki Hanyu,

Kotaro Nagatsu, Kazunori Kawamura, Ming-Rong Zhang
EFRFRNTIERAREME BAREFRSHERN FHEFRRESD

=

PSRRI B Ik, BRAR 2 W0 A (R RE O FHINNC AT F 72 U AR AT R A D BRFS . A
wk SR G BT WA B 7R U VAL AR D B3 R ORI DBRFE 21T > TV ET, E£/z, Z8T
e L 2R R THAZ AR J OF PET F ORERRIEHI O S $4T - T 0 | IHEREA 2 — 2 7%t
L A AT TR O AT & R E R A SR T B IR e A
KR - WFFEHERE - ARZEDOWITEE IR REEL TV D,

Z D F e HRIE . HSS AT O 23210 22 & 1L O RESL . BT PET HIRERRHE A K O Rl B AfT
(hREA & BOS) OBR% ., B EERIC & 2 A DA ZhE & BTG RRE, BRI ESECh 5, i
PRAFZE N 58 & U 7= O PERA1Z . 1) HIMAC % FH U 7= T D VA9 2 5 0 s o #is 8 D A
R COHIE, 2) RREMVE. AR, 78 OFFEOBMIPRIKBROBE, 1RO
fili & QR AEFRS 2L A T = X A OfEAFFE 72 IR ST b, Rl E Crimsl 2 ik
Fill 00 BR R0 e OMFE A D 22 78 &R 2 5T 2.

1. REEFBFARTOMBHHERRT

PHUT SRR OB . NARIEICE T 2 B PR AR o B | BrfA sk Bl - A OB,
5 LU REAL DR FE 55 O T O\ A PR RN e R A G S hTnd, BLFicons
DIFFENZ DN TRER 2R Z BN T D,

1 [MCl R iR #FEORIESRMF A ML L, 3 vik[MCl A F v, Mol —@bixF#E, [PFl 74
H BT F N EEGLEROERE R PG EERE L, ERLZABHRES X7 AT 10
LA EOFHE#R T v —T 258 LT, £, ERRCET A EZTNN, ZnbD 7 v—
7 DA MR T L7z,

2) 2 FEOPH PET FH4| (['CIAIB & ['SFIPMPBB3) %21 BB 1E K OV WA v A ST L
RTER AR SR C b 2 2R, 03 < R EHEERBR A Fai, KA Z B2 EH 2Rk, $2H.
FHEOKR, WWRITICIR M2 Bl LTz,

12
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3) MABG & H B & pCEE 2 B L. 15 D7 MABG Z W sz fit U7z, 7o
ik FE & LT Sc—47 ORI 2 HERE 21T 7, FrflmERNEEOTE & LT,
Cu-64 ORLE 238 U T HEIAERBR ATV, MEREZ fERE L 72,

2. RBEAARBOLEE - REKHR

ERK 28 AL HOE U7 O SRR, RS2 W (FDG) . g RelE (PBB3, AM-PBB3, FM-PBB3,
BTA, TASP457, ABP688, 727 17 A K. MPPF, FMeNER) ZEDWEREFIH, YL, T v b, ~T7 A
72 E @ IFEER (PBB3, ABP68S, AC5216, H,0, AMPBB3, FM-PBB3, FEBEMP % & 7-4-Ff TSPO 7
n—7) RIEM 7 7 M AR (PF e L) @ik L7z, F7o, WRIEIIIE A HEtE T <<,
At-211, Cu-64 O KERIE|Z AT 7o R EIEE DML 21TV, EINBERIZ M 7o Mi 217 -
Too [RIRFIT, Ac—225 OHLEEIZOW TG Zad 72, BRIRFI I M T 72 SVE RGEE B O 3R
i 2 AN ZE & L RBF TR 2 fAG L. LHMEZ £F o 72 iHil B IZ OV TR 21T o 72,
SO, EREABIIEHTEOEMETIA 77 ) —ORELZM -7, BARIZIEL, Sc-43, Sc-
47 Z R BT O RIEIZ B3 2 JEREAOFEAM 284 T L. Br72iZ Ac—225 D RIEIZ RIS 2 AR EE
iz BAAG Uiz, & HICHFEMFFELRMEE LT As-74, Mg-28, Ge—68, Cu—64, Cu-67, 1-124, At-
211 72 EOBREIZ W TITPAMeE I 2 iR & L7 -E 21T - 72,

8. Rk 28 EEICHLE LR L A B L OV ERE AR LI, WEBREHAX 11, EPE -
AL OHEB Z K 2 IcFNFRoR LT,
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BHFICEDILEVWIRILF—FHEORRIGIZEET 28
STUDY ON HEAVY-ION INDUCED NUCLEAR REACTION NEAR
THRESHOLD ENERGY

NE & FR E’EZ,B{ZE;'&’ Bk, KN B, °
Hiroshi Yashima,A Masayukl Haglwara Toshiya Sanami,B Shunsuke Yonai,C
A RER K Z R F IR
B I RILX—IRE IS
EFHFERINARFREEE REZR SR NRFIES

B=

A A INEE MR 31T D FE AU R R AR R R ORMGEICE T2 7T — X 0BG A BN L LT,
WIERF A 27 2 ke C6 2— RITHUNT 216.5 MeV C B — b % FWZ R EREITV, % —47 > b
H AR SRR D ke B AN E A 1T - T2,

1. BHBY
UTAE, BRI U T2 IR 2R a% o0 BE 1L E S A3 D ST D, JJuiE Mgk DFE I E I BV TR

T GEAAR SN AR 5 B R L 72 B S FE DR N B & 72 D, %ﬁﬁzﬁn‘ IXFERT — &
FRTAEZ D IZEHM SN DD, A 7 v e Ui E THOWONAEE Y4720 2 10MeV BLFOIK=
X —FR K L CIEERT — 2 BN EE SN CTE L THEGHHE L O IIIRES Ty, £
Z T ARARZECIRTE bR & O TR oL X — R AN X 25 e T — 2 O RFAHIE
DTS, RAEETIX 2016 4FEI2{THL72 216.5 MeV C B — A% AW - BEHFEBROFE SIS
WTHET 5,

2. A&
PR EZBRITEN Y A 7 2 hay C6 23— AT ToT-, X 1 ICERERE =T,

1 FEMYA 20 b o /C6 Z—X’C@%%ﬁﬁi—ﬁ

JIBES IZBWT & &N 5 875(99.9%., 0.050mm JE) % BRTHRF X —47 v h& Lz, S
—7 M)}—é I3 0.4mm & AFPRIFOMFE0.23mm) L 0 [EL 25 L 912 Lz, 2165 MeV *'C A A
Z B — NN 30nA TR 1 IERE], ¥ —Fy MK L, #—Fy Eh b OERETEI L b
YT L—HIZ AT L, BERL A RO, 2. b Ly b A T F L —F D7) % Multi channel
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Scaler THRdkT 5 Z & TS T O — AREAEN ZMH1E L7z, BEK TH, RS S 280E i
INDH < @iE Ge RS EHWTHIEL, BoniH o ~ART b X —4y MZ
R U T2 R O B R T AE 2 sk D72, SRIM 22— R[1]CtE SN ZflIEsEZ W C AR C A A DX
—7y NN TOZR VX —HREZMIET H 2 & Thtl B8 L,

3. EERBR
2(a)-(HIZ ™Cu(C,X)"Se, "' As, ®*¥Ge, ©zn, *'Cu SIS DL % A 2015 42212177 148 MeV C
B — A & O T2 BRGT 2BR ORGSR 2] O EREm G = — K IRACM[3] HIZHE i < 40T 2 B £

F—H% F A 77 U (ACSELAM Library) D i & iz 2 F Rt

T T T T
(@)™ Cu(CX)*se (b)™Cu(C.X)"'As
m  EXP2016(216.5MeV C)
100 0 EXP2015(148 MeV C) E m  EXP2016(216.5MeV C)
—— ACSELAM Library 100 o /Ex)éPSZET :S?_?b'r\giv (OB
s = y
£ £
c f=
.2 K]
B =]
o o
(] [
(2] 12}
2 10} {2
2 o 10 3
(@] (@]
)
1 g 1 1 1 1
0 100 200 100 200
Energy[MeV] Energy[MeV]
T T T
(e Cu(C.X) Ge (d)™Cu(C.X)*Ge
100 - 100 -
g g
£ £
c c
] K]
e =]
o (s}
b &
» @ m EXP2016(216.5MeV C)
g 10 m EXP2016(216.5MeV C) 1 8 10 o EXP2015(148 MeV C) E
(6] O EXP2015(148 MeV C) (&) —— ACSELAM Library
—— ACSELAM Library
1 1 ] 1 1
0 100 200 0 100 200
Energy[MeV] Energy[MeV]
T T T T
nat. 61
(e)"atCu(C,X)SSZn . "™ Ccu(C,X)*'Cu
oo 100 m  EXP2016(216.5MeV C)
Om O EXP2015(148 MeV C)
100 ACSELAM Library
—_ m  EXP2016(216.5MeV C) =
£ 0 EXP2015(148 MeV C) E
= — ACSELAM Library S
._g =
(s}
3 3
10 B
g 10 B g
[$) o o
1 I L 1 L L

100 200
Energy[MeV]

100 200
Energy[MeV]

X2 C A A AFHZ K - TENZ AR L 7= o ihikd B %k

2016 FEIZATHHLIZ 216.5 MeV C B — L FRETFEBR O B1% 2015 FEIC T~ 148 MeV C B — A BRI
FEEROFE R L BRI BV—E AR L TW5, ™Cu(C,X)"Se, "As FISIZOUWT 216.5 MeV EBRD#E
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BN 148 MeV EBROFER LD K& 2o TV 5D, 216.5 MeV EBR TlE 148 MeV & X TEWERTE 2
AWz TH T TOZR LT —a AR RKE  SWRICHimfE A 263 5 = L —f C X b
FEORE WX —FEIR DO P L T T DAREMED H D, ACSELAM OfEF IR & L TR
FBEKRIET 7 7 2 —2 U THB L TV ™Cu(C,X) ®“Ge in TiE 100 MeV LA LD = 3L ¥ —45
38 CSRBRAE 2 R KEHI 9 A b Lo Tn B,

4, F&OH

216.5 MeV C E— A AHIZ L o THIZ —4~  MICER LT-EREOBEBEERE 21772, 5% b
ANFRI . TRV F— F =7y MOV TIRIAWFIPH TRFEAIE 21TV, BA A g% 2
BT 5 FHE MU e - R A OMEEICE T 5T — X 2 INET L TFETH D,

SEXR

[1] James F. Ziegler, http://www.srim.org/
[2] H. Yashima, et al., “Measurement of residual activities induced in copper by 148 MeV carbons”, Proceedings
of the 2016 Symposium on Nuclear Data, Tsukuba, Japan, 2016, to be published.
[3]1 HHHE i1, “IRACM: A > R UHMHEFIZ L D ERKRESTREETH 2 — F 2 X T 4>, JAERI-Data/Code
97-019 (1997).
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RAIA EBREBEFICE TS EMFER-EMS BEROAE
MEASUREMENTS OF CHARGED PARTICLE PRODUCTION
CROSS SECTIONS AT MOST FORWARD AND BACKWARD ANGLES

BE BN F OREE LOMEC RAEKS. BHEEC
mHig B’
Yusuke Uozumi®*, Taiki Mori®, Yuji YamaguchiB, Yusuke Araki®,
Motoharu Fujii’, Yusuke Koba®
MAMKRZERFRIFR|RRE L RILF—EFTFEHM
P AMREREFRIFFIRIILF—EFIFER
CAMRFBIFET RILF—FZEH

D MEHRERR SRR R EE RS L 4 —

BE
JRF RS ET VOB & BEEIC WD BT, @EICRIEF O 72\ W iR Ak L OW%% AT
D1 NS B AR B By Wi fE O % i &2 B8 L CTEBRZ B L T\ b, C6 =2 —RITH
HF oo R—%FHEL, KV A 70 barnbo 40MeV B2 LT, BELARE 6 226 30°
FTO 6 [T _EHMAOWmEEZME L, SOICREBETATOT—ZHEETHH I LD 1507,
160°, 165° TOHRIE LT 72, BFONTZHAET — %, BEOERT —& LKL L7z, X5
AR OME L LA 1T 72,

1. B

Bt = — RPHITS [Tk AR ER S < OIS CRIA SN TR Y, a2— ROLBIFIET
HLHED BN TV D, R R —#iPA20-100MeV CTORSUSFH RO E R EABEE I N WD, 20
720, BRGET LV THHINC (Intranuclear Cascade) E7 /L% 100MeVLL F O %)L ¥ —fElk £ T
JERT D MER D 5, Fox1dp,p X ISIZET 2RI O [2,3] 128\ T, EFghE & LM & %
WEWUNZED P HFIZL D, INCa— FOTHEE L2 KIBICSETE HHFE2 R L, pONEDEE.
LM DR 281320° £V AT O ZEEo WA (DDX) [ZBWCHE< Bliv, 10° X Y AiH TR
Flled, PP RIIRATS 70 The<, 150° KOEFITBWTHLHEHEICRD EEZDND, 207z
B, AT - BT AETOQpOEERT — 4 ZAWTREENEE L /2 b, Ll ZNHOME
WZBT DT —Z TR EICRER N2, HTLIEREIToTT —XZBEG Loy, £,
T IND—RALD T2 DITITNEIAWVE B GER T2 b X — 7y MZOWTT — X ST 508N H
D, SEEEZZ—4 v MIYAL YCo,m 2FMEL L THRE ST TOF — X ME L FEM L=, AMETITZE
DfEREZIR D,

2. RRBRET—AEM

BRI SR E FR A ZEFT A 2 1 b e
VRO CONLAMSa—2ZFH L7z, C6a—A
DB — LB L OICE M 2% E LT, 20 00
FIZH =7y FEEW, Z—7 v MIFES P Photomultiplier tube
mmm?%JkEéﬂymm”QyNyﬂfiﬁyﬁf { 2omam thick) /| (na17851)
HEM D Blank % —7" v k& L=, 40MeV ®
B —b&X—27y MIRRE L., Eki % ssD 1 %

|

GSO(Ce) scintillator
(43mm X 43mm X43mm )

150, 160, 165FIZRE LAV HX—TFT L A a— (ammmm\\
TTHEL, 1 OX I h o #—T 1A=
— 7 LHEERR HER(AE BHEH D) o Al
EAMRHEHSSD) &, 2fE IR HHIHE B |
DIEFET 5 GSO(Ce) v F L —3 3 U RaHigs Tk

A L7, GSO(Ce)s v F L —& DMIEILT 7 1 Ry o

V= TN =T LT~ TEHONKKNMTE S A e 7 Wk

277,

Secondary Particle
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C6:ﬂxfm&~€y%®hﬁm77??~w/7ﬁ%%éﬂfnékb\w%¢®6~bﬁmf
RO DHENPHFKRN, 207D, B — LAERMEOFHAHICE—2t=F —20E RE L THEHA LT,
E—AF= S — 3 F = AN TFIRICEWTZE S 500 um O PC S OEESRZ . Z 205 30° HHD
MEIZEWZT T AT v 7o F L—F 2 TRIRHET 5 & 5 7effifk & Lz, BE—AE=4 —0DIKIE
X, 77 77—y IR EMICEET A B — AMEOFHIZIN T, E—ABELT{LIETNE, £
MR T A =A== —Dh 7 MMEEBIEL T, BE—L80E L D MR EBRERD, ZhE
AWz, EBRCHEHAT 2 E—2MEOFHIICK T, BB HER TE -, ERFIEDOEMB X
T —ZHTIZOWTIE, TRk 23 FFEE DL [4] 2R Sz,

3. BREER

B 2 1R F AR RS R DB 2 R LTV b, ZauE, JIE L7Z (p, p'x) RILDMAEE 150 FETDOT —#
[Z2WT, SSD AT K3 2 k74 5= R L ¥ — kmmm2&m7u/%f&é PI fE DK
MO, Br, BT, E%%@w%%;¢6 ENRHKD, ZIBERETOT — 2 2k E M

L\M@V®Izw% ME = &I E 2R DDX Z R E L7,
200
150
— 100 f
[a
50
O o g i 5 T W 2 1
0 5 10 15 20 25
Total Deposit Energy (SSD1+SSD2) [ MeV |
2. RLT-FRRIARHT O R
100 —
E 'mdegl‘f‘t‘ *Co(p,p'x) Ep=40MeV -
Lp ey, 1
— eocuosenns, b 1
Z 001 | 160degreex 10° ' i
2 | = > ]
5
= 0.0001 | , E
g - 165degree x 10
< 10° ° ]
= : -:
b
10° |
10'10:: . 1 . - . .1
0 10 20 30 40

Proton Energy [ MeV |

3. PREL7ZDDX AL kL
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1 EI T T 7 ] 1T T 7T | T T 71 ] T 1T T T [ ;
10 = o, *Co(p,p’x) E,= 40 MeV =
Fr TPy 3
S o100 5 .
= 1 =
g & I3
107" j -
% 3 b3
_ i I T
g 107 3
| @ Present ! e 1
— 107 4|t - PHITS(INCL+GEM) i
> 3 :*"1... PHITS(JQMD+GEM) B
8 10* g |— INC-ELF-LOW | 3
- CCONE(CCOM+CCSM) i3
=S Ll TALYS -
10 E‘l l L b b e bl l L: E

0 10 20 30 40

Proton Energy [ MeV ]

4. 150 EETD ¥Co(p,p’x) K DDX $ L O PHITS(INCL+GEM), PHITS(QMD+GEM),
INC-LOW, CCONE, TALYS Ofi#Ra LR LT\ 5,

1 . ,

10 ;-mrlu . PCo(p.p’x) E =40 MeV
T "
> 10 Y
S 0 K

10 om!
B - ”E+
S 107 i i
E 1| ® Present -':1 I :
— 107 K|, 7+ - PHITS(INCL+GEM) i
> 1| 7. PHITS(JQMD+GEM) alf
8 10™* g | — INC-ELF-LOW I

] CCONEccom+cesm) | |1

10-5 i ' — TALYS [

PR TR H  HH  HTN H H  H1 | o |
10 20 30 40

Proton Energy [ MeV ]

X 5 165 E T ® YCo(p,p’x) X it DDX ¥ KL (8 PHITSUINCL+GEM) .
PHITS(QMD+GEM), INC-LOW, CCONE, TALYS O#Ef%zENEHRL TN 5,
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X 3 1ZRT T — &1 PCo(p, p’x) S DDX Th 5, T T — S— I O FHREZE (RN 3.5%) & 7R
LTW5, 6MeV LA FO= /X —fEkiZ, —HHD SSD1 DE S D7 HRIEHR T2, 17MeV~
20MeV O#IPAIL SSD2 & GSO(Ce) & DEEFITAHY T B TH Y . REWES PMT /A XDOFBEIC
XY DDX [ ZHfGCTEZehote, REMEIIX 1 IR LIz U ¥ —T L Aa—7 T 5 &M
MO ERB TH D, FAEICB OV TRRTZ AN/ NWE—I B RO 5D, 2k
BMAEFELICHIG L TR Y, =3 F =T —H L T\ D, FAETALY MWTAEVIZEERL L7 m 2R
L7z, 2IMeV &£ 0 @OV RV X —HiH TR MRS R o 7, T AVTEERIE ORI 5oy
NEEAICHN TV D720 THh 5,

PENEE L O HisHE B 6] & LT 40 MeV T ¥Co (p, p’x) FUHD 150° X165 T DDX A%
7 MVEK A L SIZENEIUR LTS, KHIZIE PHITS (INCL) . PHITS (JQMD) . CCONE [5].
TALYS [6]2— RIZ X 23R R 2R L T D, Fox 23BR%E L 72 INC-LOW OfER 78 L T %, CCONE
L BRMERGELIDE AR CHAE L TR Y . MHEOREEZZE L TIRZ LT TWD, Al & C OGO
B —77y MW THMERGELIZERE L L<—& L Tnd, #fit A7 MUERIZ=X > b E 71T
L OEELTRY ., K IEERIREIX DWBA CaEH L7258 2 M Has DO /0 fifhe 2 5 8 L g% s
TERLTWS, MGHDOHX—4 v MZEBWT CCONE ILEGHE ThOFHFEa— L0 H B —H4 R
L7228, (KDL AEIE CIEE LWVl el 27~ LT %, & 512 CCONE [ 7838 fEIR I 380 ) Tl KEEAM A3
REL o T EHHB R HD,

—7J7. INC-LOW & PHITS (JQMD) IZAHWMZIFIER UfEA < LTV | BEEE Tl ERMED
E 2017, TR ¥— ﬂT#ék@mﬂmé<&ofmé E&ﬁmﬂimmﬁﬁﬁﬁﬁ
TR E GE/NFHl LTV D, FMEBGELE — 7 I3RS RRE A BB L T e, K<L
Tbé&%z%méoPHHSi&T—&7477)#5E@#ﬁﬁﬁT ZEZBRLTHAILTEY,
JQMD THEHE L7 TIiE72 WAy, CCONE OfE R & —H+ 5137 Th 5,

5. &

AWFFETIE 40 MeV B+ A ERIZ DWW T, ZivE THAE N 7\ ik 5 M 588 C O 14 5% DDX %
E LTz, #—7 v NI VAL PCo ® 2 FET, M|IESM LI 150, 160, 165 FED 3 8 TH o 7=, (p, px)ix
DDX #WE L., FEBEE B E T — N2 LI- L A, FHEOBFHMNR 2 TRV AL R
HZENTE T, BV F—EIRCTOEBENR 2— REMNLT 5720, KOGETLVOHREE I LR
5 EBRT — X OBENLETH D, A E A E— AT R L — 2DV TR RWEIPH T7 — & Z U4
L TR DO ZMMMEEZ I SN LTV B Th 5,

SE X#k

[1]T. Sato et al.: J. Nucl. Sci. Technol. 50:9, 913-923 (2013).

[2] Y. Uozumi et al.: Phys. Rev. C 86, 034680 (2012).

[3]Y. Uozumi et al.: Jour. Nucl. Sci. Tech. 52:2, 263-272 (2015).

[4] SfEmIT i - SRk 23 A 7 v b a R SR, NIRS-M-250, 24 (2012).
[5] O. Iwamoto: J. Nucl. Sci. Technol., 44, 5 (2007) 687.

[6] http://www.talys.eu/ ﬁleadmin/talys/user/docs/talys 1.8.pdf
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EREBTEAREDR LTSRS A — S T EROMRR

Development of novel imaging methods for high-precision proton therapy

FE RS AR R 2B BRES Ax WS hd BT 55 EmS
E 3, B SRS 28 BES KL S8 FEE R°
A BERAXRFEIZRE AEEIFHER
P EFHERIMHRAREE NAREFRAMIA MEFIEE

BM=

B TRRIRIRIT o 2 FRo/NEULTE D A U v RO DRI FRIAROF TROEBENE . HRIICH &L
LTWo, —5 T, ZOREETEDZTIEMRBE N AR TH Y | REHIPH 2 MiE > & EFHERKIC
FTIRAN I Z A=V a5 230780, AR TIE, BT RIGROEREELIC T T o8 HA A =D 0 7§
O FAERAFE L BIEEBR 21T o 72, 2016 L (1) F= Lo a 7%z AW BE ik R o A4 kb
EREHIE (2) BRI R OfE i B L ORI o~ A A= v 7 (3) BRI T-# CT Hifff o 1
HEBRZE (4) 1RRETH O 2 T RBUZ T 7o 1A A — 2 0 7 O IR (5) Ce: GAGG ¥ F L—
Z OBFHEREEFT 572, LLF CIXEERIER Z L2, fEllzZR~5,

1. FzLYaIiZERAVBEFREZEDEREHEHEE

11 Af

B AR B WD TIRNIC AN L7255+ O —5ITERIC 25 S 2 L, #x R5E it 4
T %, RHEIE A >~ #t% PET B2 X W IET D 2 & TS MR D £ plioy A & a3 2 2
EMTEDL, LPLERBL, Brozx X —BLEGETHIHBEOERITR B 7k AT
HY | WFOEMSAIL B LAV, PET & TR0 LRI 5 LG i &% E &ICH
BLL ., JRHEEHERE Y O RS M T O 00 % Il T 2 72 OIIERN T4 U 5 B8 7B EEFR o A= sl i
% ERECIBIRET DL ERNH D, AR TIIAREIC L > TSNS BE RO T =L a7k
EM-CCD 1 A ZIZ k> TIR®E L, BRI O A& S W fg 2 Kb 7=, CCD B A Z %W
HI-OIEFICHETH Y | FEROMEN A, S O I OS2 3 ICBUS e Th 5,

12 FiE

HH—EU EOT I LX— % L OBETITTF =Ly a7 AT 5, B RN%ZICHET S
IS EIIBEE TR RO F = L a 7 TH Y | BRI O S 2 KT 5[1,2], 2D
Fx L a7 NiFRHE L 22 DB5E B ORI - TR T 272, HoREZE b2 HlE T
HZ L CHROMBEAZHE T Z LN TE 5, S LI FRRIBEERC AR 4 2 BB R o 1R
AN+ D = R X — A0k LTV B3], 26 DFEEDN SRR ZICTF = L 3 735y
i OWEIEBZRET D 2 & THFDOT RV —ThIG LR O AR, 370 b bR a4
LR AERD D ZENARETH B,

T = L2 a7 HIFREINREEIR D & B R o AR IR A2 B & T AMER TR D, Fa AT
TEIIT N 2 CERSMIR BRI & R 2 7 D B IS5 HRE 2 9% CCD 1 A 7 (BU-66EM-UV, BITRAN)

1 E ' e
=8 = ;T _ :
i 5107 F 100s<t
§1 02 less than E
E 1072 _i from O
o 3 from Si
m _ 4
210"
T10° E
S E
10°° E
I

E L I | | | 1
0 1000 2000 3000
) after irradiation [s]

Bl 1: (f£) EBROEY N7 v/, T0MeV B T#a&fE7 7 N AT BIAKZ, Z2OF =L a7
% EM-CCD /1 A 7 THET 5, (F)Si02 726 0F = L a7 NO58EEREZEAL,
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kgL LTHWE, JEFO NIRRT Y6 CCD 1 A FIZAST LR X 5 EBRR O JE P 2 s H
T T, FEBRIT C6 2—RITTITVY, lem PREEITK > 72 70 MeV DFG1## % £ — L8 30 nA T
30 0 Z—% Y MRS L7z, ERty b7 v 7O 2K 1 ITRT, KRERTEIXY—7 v FELT
BRRATEN T A Si02 (IAFE 3 X3 X3.5 em3, L 2.21 g/em3)ZiEE L1z, 70 MeV RO AHH T A
FCORFRITBE L L 2.5 cm ITHYT 5, ART T AIEFHNSERLREMEME THY . A5
Si LFEFE O MHAKT 5 5E T HHEEREO IR KX < B 572 DIZiEE O HROBE 1k
FEOMENARETH D, Va2l —a ko TROEBAHEBFZICKIT S Si02 DMEFEZ L
%K 22”7, CCD # AT DRIESRMIIHMER207%, 1 7L—205720 SHEOFENRE L, Bt
DOIREHET %S 1R ORIE 21T > 7=,

13 FRLEBLZ

CCD 1 AT THRLNTHEEBR L 1 ko7 e 7 7 A NVO—H% X 2 12777, CCD AT ZHW%
Z & T 1lbinH729 0.15 mm FRE O @ fERE A KT 2 2 LN T 1 EORIE CTH #0275 % 1
ETHZENFRETH D, K3 L0REKRICL > TF =L a7 onfmic RE 22 LR34 T T
D ENGIND, TR O B 2 R T IR O A R A A K L CER Y L TR R
120-125 PO 12 1T IF R OV MEFRD 2NN, 15 R 600-605 FO 1% & 1200-1205 R0 12 IR0
BV ORBENEE ICEND,

—_ — 1000 —

5 30000 F S

3, I 2000 { 800 |

g 20000 1500 600
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K2: CCDOATTELNIZRIEE®RE 1RTT a7 7 A, (BB #RRE 120-125 7514
600-605 F)7%. 1200-1205 F)%%)

Xl 1 ORI & FLIZ G T-HRPRE 120 VRO OT — X O Zk W TRT 21T o 72, B3 O DR
R BB E TR & LT M0 (70.6 B). PO (1224 ). PN (598.2 #). ''C (1224 F)D 4 ST
bILb, L., MO ORI EIIE mbarn F2E & IEFIT/NE W ERTREN TRV [4]. Lkl
HFEDO R E W PO LW ORERZ N7 4 v T 4 7L A 5BRIREETH 5, F
7oy SEMTICAE 5 AT 120 BV 6 OF — 2125k L, N 70.6 BAVEWZ &b EBET S L "o o
TG TX S, ZDH, AFETIE B0, PN, NCIcESEK D, BONRIEREO/ES
BICHEMRE A7 0 v T 4 72TV, PO, PNV C B AEL S F o L a g kosfitEn
ZIBE LT, S AR O — 51 2 X 3(ZE)WS RO T = L2 a3 7 & K 3R ENEIRT,
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2 15 4 1 1 e 150
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Developments of radiation detectors for charged particles in the space
radiation environment

Satoshi KodairaA, Hisashi KitamuraA, Shingo KobayashiA, Rachid Machrafi®,
Oliver Causey", Eric Benton®

A: NIRS/QST
B: Univ. Ontario Inst. Tech., (Canada)
C: Oklahoma State Univ. (United States)

Summary

We have developed new space radiation dosimeters onboard the International Space Station
(ISS). In this year, the developed tissue equivalent proportional counters (TEPC) which gives
lineal energy of individual charged particles and bubble detectors (BD) which is generally
employed as neutron dosimeters were calibrated with proton 70 MeV at NIRS-Cyclotron. The
calibration campaign with heavy ions at HIMAC covers whole range of space radiations from
protons to iron ions, which will allow the successful radiation dosimetry in space environment.

1. TEPC calibration

The need for active instrumentation to monitor space radiation exposure aboard spacecraft in real
time is well documented [1]. The Oklahoma State University Radiation Physics Laboratory
developed and tested a prototype Tissue Equivalent Proportional Counter (TEPC) for use in
monitoring ionizing radiation exposure aboard manned spacecraft, unmanned satellites and space
probes, high altitude balloon flights and on commercial, civil (business) and military aircraft
[2,3]. Our TEPC may also be useful in neutron dosimetry applications, e.g. in and around high
energy particle accelerator facilities or near nuclear reactors. NASA recently selected this
instrument for demonstration on the International Space Station (ISS) and we are tentatively
scheduled to deliver the flight instrument to NASA in August 2017. The flight instrument, now
referred to by NASA as the Active Tissue Equivalent Dosimeter (ATED) is compact, easy-to-use
and low power. If successful, we hope to make this instrument available at low cost to all
interested researchers, including international collaborators.

There are a number of significant differences between the flight version of ATED and the
prototype TEPC: 1) the size of the spherical ionization cavity has been enlarged from a diameter
of 6.35 cm to a diameter of 7.62 cm in order to maximize the cross sectional area of the detector
sensitive to low flux heavy ions present in the galactic cosmic ray spectrum, while still
maintaining a reasonable size for a compact instrument. 2) The prototype TEPC used NIM
electronics (high voltage power supply, pulse shaping amplifier), while the electronics in the
ATED are house within a single aluminum enclosure. 3) The detector head of the prototype
TEPC used a standard Swagelok valve, permitting the detector head to be easily evacuated and
back filled with tissue equivalent gas whenever desired. The ATED is permanently pressurized
via a low mass, crimped copper tube. 4) Data acquisition during the prototype TEPC testing was
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carried out using a standard MSWindows laptop computer running the commercially available
software that comes with the Amptek 8000A spectrometer. ATED uses an Amptek 8000D
spectrometer which is controlled by and transfers data to a Raspberry Pi 3B computer installed
directly in the ATED instrument enclosure. The computer operates under Linux and a runs a
custom written control program, while an SDRAM card is used for data storage. 5) The
prototype TEPC was operated at a pressure of 170 Torr of tissue equivalent gas. Based on work
with the prototype detector, we have decided to operate the ATED at a pressure of 20 Torr of
tissue equivalent gas.

Due to the differences listed above, we needed to characterize and calibrate the response of the
ATED in ground-based radiation fields of known charge and energy. The NIRS 70 MeV proton
cyclotron provided exposure to low-LET protons that represent the largest single component
present in the space radiation environment where ATED will operate.
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Figure 1. Functional block diagram of the ATED.

A block diagram of the ATED is shown in Figure 1. The ATED instrument occupies of a volume
of <5000 cm’ and has a mass of <2.5kg. Total power consumption is <25 Watts. All
components of the ATED instrument (excepting power cable) are housed inside a 25.5 cm % 15.5
cm x 12.5 cm aluminum enclosure. The ATED detector head, which is normally housed inside
the instrument enclosure, is illustrated in Figure 2. The dimensions of the pressurized canister
containing the spherical detector measures 9.07 cm in diameter by 14.92 c¢m in height, including
the lid. The spherical shell of the proportional counter is 7.62 c¢cm in diameter, is made from
acrylic (CsO,Hg) and the inner surface of the shell is made conductive by coating it with
colloidal graphite. The thickness of the acrylic shell is 3 mm. The signal from the ionization
cavity is impedance-matched via a Cremat CR-113 preamplifier located inside the detector head.
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The signal originating in the ionization cavity, travels via the preamplifier to an Intersil 2640CS
130 MHz quad operational amplifier and then to a Cremat CF-200 pulse shaping amplifier,
before being sent to the spectrometer.

The spectrometer used in the ATED is an Amptek 8000D multichannel analyzer (MCA). This
MCA possesses a 100 MHz, 16 bit analog to digital converter (ADC) with up to 8128 data
channels. Depending on factors such as operating time, sampling rate, and data storage capacity,
the ATED can be operated in 1024, 2048, 4096 or 8128 channel modes. The larger number of
channels, while excessive for the resolution of the detector, permits measurement over a larger
dynamic range in energy deposition without the need to split the analogy signal for processing by
dual amplifiers and ADCs, as is commonly done in older TEPCs. While the size of the data
structure in active computer memory for a single spectrum reading scales with the number of
channels, the data, especially from relatively low flux radiation fields such as those encountered
in the upper atmosphere and, under most circumstances, in space, can be easily compressed to
minimize use of data storage memory and, optionally, telemetry bandwidth.

pressurized m  — Teflon guard ring
alumlpum —_
container

acrylic ionization
cavity, interior
coated w/graphite

anode wire

\ preamplifer
- = (Cremat CR-110)

acrylic base

aluminum lid— ==
gas fill tube - \ \ > high voltage
\ (~+900 VDC)

X signal

preamplifier power
+ 12 VDC
Figure 2. Diagram illustrating the Active Tissue Equivalent Dosimeter detector
head.

Data processing, compression and storage is carried out by a Raspberry Pi 3 Model B computer
running a version of the Linux operating system. The computer is connected to the Amptek
spectrometer via USB. The Raspberry Pi 3 computer is based on a 1.2 GHz, 64 bit, quad core
ARM CPU and is equipped with 1 Gbyte of RAM, an external clock module, and a MicroSD slot
for data storage.
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Figure 3. ATED detector head positioned in NIRS 70 MeV proton beam prior to
irradiation.

The ATED was exposed to the NIRS 70 MeV proton beam as shown in Figure 3. Because the
active volume of the ATED detector is spherical with a diameter of 7.62 cm, a 10 cm diameter
beam was used to encompass the active area of the detector. In the flight version of ATED, the
detector head is housed in the same aluminum enclosure as the spectrometer, computer, amplifier
and power supplies. However, the detector head is connected to the amplifier and to the
preamplifier and high voltage power supplies by coaxial cables with BNC and SHV connectors.
This allowed us to remove the detector head from the enclosure and attach it to the amplifier and
power supplies with longer lengths of coaxial cable in order to avoid placing the support
electronics directly in the beam.

Exposures were made to low intensity beams (<500 particles/cm? spill) in order to not saturate
the detector. The 1 cm” plastic scintillator was used to monitor the integrated fluence of the beam.
Two detector heads, designated 2 and 3, were exposed to the 70 MeV proton beam. Exposures
were made under two conditions: 1) bare beam and 2) with 33.8 mm of water equivalent plastic
absorber placed between the beam nozzle and the detector head.

Figure 4 shows the lineal energy fluence spectra measured in the NIRS 70 MeV proton cyclotron
beam in detector heads 2 and 3 with no absorber in the beam. While these detectors were
nominally identical, obvious differences in the spectra reflect differences in the two detectors due
to geometry, wiring, etc., as well as differences due to gain settings in the amplifiers. Detector
Head 2 shows a wider peak distribution and a central peak location closer to the 0.95 keV/um
expected for 70 MeV protons.

Figure 5 shows the lineal energy spectra measured in the same two detectors with 33.8 mm of

water equivalent plastic absorber inserted into the beam. The peak in the spectra from both
detectors is shifted to the right as expected when absorber is added to the beam to increase LET.
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Figure 4. Lineal energy flux spectra, normalized to maximum signal, measured in

Detector Heads 2 and 3 during exposures to the NIRS 70 MeV proton cyclotron
beam with no absorber in the beam.
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Figure 5. Lineal energy flux spectra, normalized to maximum signal, measured in

Detector Heads 2 and 3 during exposures to the NIRS 70 MeV proton cyclotron
beam with 33.8 mm of water equivalent absorber in the beam.
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2. BD calibration

Bubble detectors have been used within the framework of Matroshka-R and Radi-N projects
conducted aboard the international space station, ISS. The results obtained in several expeditions
have been an attempt to contribute in better understanding of the space radiation environment
astronauts are exposed to. Although bubble detector technology has been used in space radiation
research for a long time, there is still some debate regarding the reading of these devices i.e.
whether bubble detectors are also sensitive to other high-energy particles such as protons, in
addition to neutrons. The concern stems from the basis that if the bubble formation in the
detector media is mainly due to ion recoils, the phenomena should be valid not only for neutrons
but also for other charged particles that are heavily present in space radiation. Recently, based on
numerical methods and simulation codes, a project was conducted in [4] to re-evaluate the
contribution of charged particles to the readings of bubble detector. The calculations showed the
contribution of charged particles to be negligible, i.e. less than 2%. However, because of the
assumptions in the calculations, the international space radiation community has expressed some
concerns regarding the accuracy of the performed calculations and consequently the validity of
such results and the interpretation of the dose values recorded by bubble detectors (see for
example data presented at WRMISS 15, 2010 and WRMISS 16, 2011 [5,6]. The readings of the
detectors have been interpreted as results of neutron interactions only, while the space radiation
is a mixed field of charged particles and neutrons. Because of the significant impact on the
interpretation of the dose values received by the space crew, it is paramount to experimentally
investigate the response of the bubble detector to charged particles. This report outlines the
results of experiments on the bubble detector ground testing conducted with 70 MeV proton
beam at the National Institute of Radiological Science NIRS in Japan.

To investigate the space bubble detector sensitivity to protons of energy ranging from ~30 to 70
MeV, bubble detectors were irradiated at the 70 MeV cyclotron facility, NIRS, Japan. The
detectors were exposed to proton fluences between 0.5 to 8 x 10° protons cm™. Different energies
were obtained by inserting binary filters of different thicknesses between the beam nozzle and
the bubble detectors. Bubble detector exposures were carried out, and the bubble detectors were
counted using an automatic bubble reader.

The bubble detectors used in these experiments were Space-Type Bubble Detectors with a
sensitivity comparable to the bubble detectors used aboard the ISS. The detectors were
manufactured by Bubble Technology Industries (BTI). Each detector has a 10 ml active volume
with a total of approximately 10* microscopic droplets, yielding a sensitivity range of 140 - 200
bubbles/mSv in an AmBe neutron field. In this type of detector, the polymer is firmer than in
commercially available bubble detectors, so the growth of the formed bubbles is slower,
allowing the detector to be used for a longer exposition period.

In all experiments, bubble counting was done automatically using a BDR-III Bubble Detector
Reader manufactured by Bubble Technology Industries. The bubble detector and reader are
shown in Figure 5. The BDR-III consists of an optical unit, frame grabber card and operational
software. All components along with procedures of operation are outlined in the operation
manual [7].

39


 39 


Figure 5: Bubble detector Reader [7].

The bubble detectors were exposed in two different geometrical configurations i.e. along and
perpendicular to the proton beam. The experimental setup is shown in Figure 6.

Figure 6: Experimental setup with space bubble detector at NIRS Cyclotron facility

A series of experiments have been carried out at energies ranging from 30 to 70 MeV. An
experiment carried out with 70 MeV protons at a fluence of 1.1 x 10’ protons.cm™. In this
experiment two bubble detectors, one perpendicular to the proton beam and the second aligned
parallel to the beam to allow maximum energy deposition were irradiated.

In other experiments, the proton fluence was increased to 8.83 x 10° protons.cm™, and the bubble
detectors were exposed perpendicularly to the proton beam. No difference in the bubble
distribution within the sensitive volume was observed. An image from the bubble detector reader
of the bubble detector when exposed to 60 MeV protons is shown in Figure 7.
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Figure 7: Bubble detector response to 60 MeV protons (primary protons do not deposit their
energy via ionization in the sensitive volume).

In order to allow the protons to fully deposit their energy within the sensitive volume (i.e.
positioning the Bragg peak within the sensitive volume of the detector), a series of experiments
were carried out by adding binary filters (water equivalent absorber layers) of different
thicknesses between the beam nozzle and the space bubble detectors. In Figure 8 two bubble
detector reader images are shown that correspond to two different proton energies, namely 60
and 33.7 MeV. These protons fully deposit their energy inside the bubble detector media.

(a) (b)

Figure 8: Space bubble detectors exposed to 33.7 MeV (left) and 60 MeV (right) protons.

In the above images, the number of bubbles is uniform within the proton beam itself, including in
the region occupied by the proton Bragg peak. It is expected that the number of bubbles would
be much larger in the region of the Bragg peak where the protons have their maximum LET, i.e.
maximum deposited energy density. However, in all the proton experiments, the distribution of
the bubbles is uniform along the track of the proton, and there is no indication of the formation
of bubbles from direct proton ionization. This suggests that the bubbles are formed only above
certain LET threshold and that the maximum LET of protons is below this threshold. The
observed bubbles are not the result of direct ionization processes, but rather result from high-
LET secondary particles (recoils) emitted in nuclear interactions between the primary protons
and the nuclei of the bubble detector medium. In all experiments carried out with protons that
have their Bragg peak within the media of the bubble detector, there is a scarcity of bubbles in
the Bragg peak. In other words, the bubble detector does not respond to the direct proton
ionization, but only to proton nuclear interactions.

The sensitivity of space bubble detectors from 30 to 70 MeV are summarized in Figure 9. These
values, from 30 to 70MeV, are in good agreement with the proton sensitivity reported in [§]
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Figure 9: Space bubble detector proton sensitivity measured using the NIRS proton
cyclotron.

A set of 20 space bubble detectors similar to those currently in use aboard the International
Space Station was irradiated with 70 proton beam at NIRS as a part of the bubble detector
ground testing program. The experiments have been conducted with high-energy protons from
30 to 70 MeV and the sensitivity of the space bubble detector has been determined. So far, this
study has led to the following preliminary conclusion that high energy (relativistic) protons, can
only produce bubbles via nuclear reactions that yield secondary charged particles of LET above
the threshold within the sensitive volume of the detector.
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Fig. 1. A repeat unit of PADC.
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Fig. 2. Reduction behaviors of the relative absorbance of CH, C=0 and ether in PADC films exposed to 22
MeV/u He ions.
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Fig. 3. Effective track core radius for loss of ether bond as a function of the stopping power, solid square symbols
are present work, open symbols are previous ones [4,6]. The effective track core radius is about 2 nm at the
boundary of the two regions, which corresponded to the length of the repeat unit of PADC [8].
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Fig. 4. Effective track core radius for loss of CH groups as a function of the stopping power, solid square symbols
are present work, open symbols are previous ones [7]. The arrow is the detection threshold of protons [8].
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Fig. 5. G value for loss of CH groups as a function of the stopping power.
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8A3A . A A2 TR 8H24H . RIZAFEC AtFTN)
(k) RUAEpE P70MeV / 1nA (7K) RIAEPE a34, 12 4 A, C9, 10:00~12:00
C8
8H4H . RIAFE 8A25H . RIAPE
) RIZE H,28MeV , 10 1 A , C4 () RIUA7E PI18MeV , 15 A, C9
8A5H ; RIAFE 8H26H ; RIEE
(%) RIZEPE He26.5MeV , 10 4 A, C9 (%) RIUA7E Hy24MeV , 15 A, C3
R s T ARIR IR ISR 72
8H6H 8H27H AR T HA O B RO7 )
(+) (+) P70MeV / 5nA
C6
s ey ||V
ST AT ATFF A I I AT IR
8H9F || Ryspe RIZEFE( MgIsh) SASOR N Ripe AT R
(k) 75, C4, 10:00~14:00 (R)
HZBITHRA FRBNT
8H10H . SOMMPREIERN R Sl 8H31H < N TN
(K) RIZEpE P70MeV / 10nA (7K) RUApE AT F LA
8
8H11H 9H1H < NN TN
T R RIZE AT R AT IR
8H13H 9H3H
(+) (+)
8H14H 9H4H
(A7) (A7)
SHI5H ||, .. . - N e 9H5H N = N
(|7 REEE| AT T A R&D ") FHA TR
W =R X — RS R DR SR DA
8H16H . KEK(f3#) 9H6H r— N
(k) RIAEFE P70MeV / 40nA (k) EHiA T F A
C6
W =R X =R A S R DR SR O
8HI17TH . KEK(f3#) 9HTH r— N
(k) RIAEFE P70MeV / 40nA (k) EHiXA T F A
C6
8H18H g RIAPE 9H8H N N
(R) RIZEPE @34, 12 A, C9 (K) ﬁ/ﬂ;ﬁ 7( ‘/ij‘ oA
SHI9E | R BRIFIG 9H9H 3= i IVl BV
(4) : P70MeV / 10nA (%) =
(9A16H £ T)
8H20H 9H10H
(+) (+)
8H21H 9H11H
(H) (H)

97



 97 


SERC28AEFE S T B~y A AT EF6(H28.9.20~H29.3.10)

175
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I A AR T A U R YA Ok T A O
H B IEml T #% Rl | E 7 J B IEml T #% TRl | E 7
R RO H o KED R
9H20H g 10H11H : RIAPE
(k) RIA7E R&D (k) RIZEPE D20MeV , 10z A, C9
9H21H . 10H12H g RI&PE
(7K) RUApE R&D (oK) RIZEPE P40MeV , 21 A, C9
9H22H e 10A13H : RIAPE
o0 oD H R RIZEFE H,24.5MeV , 20 A , C3
9H23H . RI&APE 10H14H . FAHFIHD
(&) RIZEPE P40MeV , 24 A, C9 (%) RIZEPE P70MeV / 30nA
c8
9H24H 10H15H
(+) (+)
9H25H 10H16H
(") (")
9H26E | | oraes JEEIN RIAPE AITA| 4 s PEEIN
o | ! RUEPE| AT T A P18, 151 A, C2 (H) AT T A AT T LA
WA2ZIR N Ris:pe R&D WABAI  Rigpe RUEFEC Mgiist)
(k) (k) 75, C4, 10:00~14:00
RIZ (! CufiT N, oh) RIZA (M At-MABG)
9)?7?35 RIZEPE H,24, 10 1 A, C4, 9:00~11:00 10)?7}1? g INE:S 34, 12 A, €9, 10:00~12:00
a34,10uA, C9 Hy24.5, 15 1 A, C3
9H29H . RI&APE 10H20H . ARFIHE
(R) RIAEE P40MeV , 21 A, C9 (R) RIZEPE P70MeV / 1nA
c8
RIZEJE
9)?%0)5 RIAE R&D 10)(23)1 H RIZEpE PA0MeV , 2 A , C9
e - D20MeV , 2u A, C9
10H1H 10H22H
(+) (+)
10H2H 10H23H
(") (")
WA erros| RUEE| 22T R&D V0B Ml rron| RUERE || AT 22 R&D
A4 | Rugse RIZEFEC! ALFTN) WABA|  pygg RIZEFEC ALFT)
(%) @34, 121 A, C9, 10:00~12:00 (%) @34, 121 A, C9, 10:00~12:00
10A5H . RIZEEC'Cupt N, #b) 10A26H . RIAE
(k) RIZEPE Hy24, 10 2 A, C4, 9:00~11:00 (k) RIAZE P40MeV , 1A, CY
B E D T RIE R T T RS AR DT O
10A6H y HHAA—Vr 7o 2RO |08 27 R y HAB RS BT ARF%E AR )
(K) RIZEpE P70MeV / 50nA o (oK) RIZEpE P70MeV / 50nA
c6 c8
10A7H ; RIAE 10428 H ; RIZPE
() RUpE Hy24.5MeV , 20 u A , C3 (&) RIUA7E a34MeV , 184 A, C9
10A8H 10H29H
(+) (+)
10H9H 10H30H
(H) (H)
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YA IOk R A Vb YA Ok R A b
A B 4 mil F #% T il I # A B 4 mil F #% T il r #%
10A31A] oy, g NN 11A21 B ||z4mE y ZEHE
I e RIZE| AT A R&D ) | e RIZE R P IR 5 R&D
CHCE VI T S NS UL P
11H1R . KEK(f£3#) 11H22H .
k) RIApE P70MeV / 40nA (k) RIZEPE R&D
C6
8 = L% — L 71 LA DR
11A2H ; KEK(#E3%) 11H23H [ NIV
k) RIAPE PTOMeV / 40nA 0K) )% Rt A
C6
11A3H 11A24H . RIZEE
(K) Ao R (R) RIZEPE a34MeV , 154 A, C9
0T F B L 2 D B PP 2 729 HeE
11H4H . LR TAT VA OfeSE. AE k(L) 1118258 . RIApE
(<) RIAZE Hel00MeV / 100nA (4) RIAEPE H,24.5MeV , 102 A, C3
8
11H5H 11H26H
(+) (+)
11H6H 11H27H
() (A7)
HATH erros| RUERE| 227 F2 R&D " | RUERE | AT Fn R&D
HASA | pie RIZEE HA2R| R RIZEFEC AU
() a34MeV , 20 4 A, C9 (%K) @34, 12 5 A, C9, 10:00~12:00
RIZEE E— e
11H9H ; C'CuFigh) |k s || 11330 A - RIAE
(K) RIZEPE H224, 100 A, C4, | TROTED (7K) RIZEPE D20MeV , 10 2 A, C9
9:00~11:00 ' -
R EE B T BRI A 7 R EE B T BRI A 72
11H10H . FHAA—T o T HEA O B RO ) 12H1H . A A= T EOMZE B RO )
) RI%E—E P70MeV / 5nA (K) RI&E—E P70MeV / 30nA
C6 C6
11A11A ) RIAE 12A2H ; RIZPE
(&) RIZEPE H,24.5MeV , 10 A, C3 (&) RIAEFE a34MeV, 16 A, C9
11H12H 12H3H
(+) (+)
11H13H 12H4H
() (A7)
11)(%)511;15 P AT IR 12())1]5)5 worroa| RVEFE| AT F oA R&D
11A15H R 72 RIQZFEI?(ZHZ\‘[FJTW) 12H6H RIZE RIEFEE(ESMgFﬁ%>
(%) @34, 121 A, C9, 10:00~12:00 (%) @75, C4, 10:00~14:00
117164 S RIZAFEC Cuft A, 4h) 12A7H S RIAPE
(7K) RIAEFE H,24, 10 1 A, C4, 9:00~11:00 (k) RIZE H;25.0MeV , 51 A, C4
N R PSR B R D
11A17H : BRFIHE 12A8H : Y NARCIOFAGRER FR AR
R) RIA P70MeV / 5nA (R) RIA:E P70MeV / 1nA
8 8
RIZEjE 5
11H18H . 12H9H : R4
() RIAPE ggg&t‘\\; ; 1185: ; CCf; () RIAPE a34MeV , 164 A, C9
11H19H 12H10H
(+) (+)
11H20H 12A11H
(F) (F)
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2017/8/30E1RI
I A AR T A U R YA Ok T A O
J Bl T #% T Hl | F 7 J Bl T % T Hi | F 7
AT AT AT LR i IERRA R
127130 : RIAEC Cupi N, Ab) 1H3A
(k) RIZEPE Hy24, 10 u A, C4, 9:00~11:00 (k)
RIZPE .
12A14H y 1H4H y REAHFIFIH
RIZEpE a34MeV , 5 A, C9 RIZEpE s
k) 11224.51\400\/ oA C3 oK) ”0'\10}'}; 10nA
12A15H : SAHFIAID 1H5H y .
oK) RIAJE P70MeV / 30nA (K) RIZEPE RIE
C8
G EE G RRIRIE D729 D
124160 . RI&APE 1A6H . HAR BTSSR B 2% TAR(E )
(&) RIZEPE a34MeV , 104 A, C9 (%) RIZEPE P70MeV / 50nA
C8
12A17H 1A7H
(+) ()
124 18H LH8H
(H) (H)
12RAS e | RIERE | AT 2 R&D i FRAD H
12A20R)  Rygpe RIZEREC AT ) AR Rigpe RI4:pE
(k) @34, 12 4 A, C9, 10:00~12:00 (K)
i A B R LS R 72
12H21A . RI&A 1H11H . HHA A= T EAiOm%e RO )
(oK) RIZEPE D20MeV , 104 A, C9 (oK) RIZEPE P70MeV / 5nA
C6
12H22H g RIAPE 1A12H g .
) RIAEFE WSOV BuA L CO ) RIAEFE RUAPE
12A23H = 1A13H y SAHFIAID
(&) REFEAEH (&) RIZEE P70MeV / 30nA
C8
1224 H 1A14H
(1) (1)
12/ 25H 1A15H
(H) (H)
P2 RS M rren| RUERE | AT T2 2 R&D || VST a7 AT FUA
12A2TH  RispE R&D UITE L Ripg RIAFECT AUITP)
(k) (k) @34, 12 4 A, C9, 10:00~12:00
PASH 2T AT F LA VUSHI Rizpe RIE
kG EE G RRIRIE D729 D
12/ 29H 1A19H : AR ATESLC BT BRI (T R)
(R) (R) RUApE P70MeV / 50nA
C6
12A30H 1H20H y .
) (%) RIZEE RIZpE
12/31H 1A21H
(1) (1)
LALH = 1H220
(A) s (H)
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2017/8/30E1R
Y A IOk RIS A Z ks Y A Ok R A b
A B 4 mil 7F % T Hi T % A B 4 mil F #% T Hi £+ f%
VIS erros| RUERE| AT F 2 RIAE AU | RUERE || AT RIAE
1H24H RIA7E RIEE(QSJ]CUFEW,%) 2/ 14R RIZEJE RI{:'EFEI?(lez"\tFﬁW)
(k) H,24, 10 2 A, C4, 9:00~11:00 (K) @34, 124 A, C9, 10:00~12:00
17250 R 72 RIZEEC! At-MABG) 2A15H RIA: e R g
(k) @34, 12 1 A, C9, 10:00~12:00 N
A7 ubhe itz IS KA E A3
1H26H . F5s 7R RS AR JAXA(EH) 2H16H . .
o) RIZEPE P70MeV / InA oK) RIZEZE RIE
c8
1H27H . . 2H17H . AHFIHG
(%) RUApE RIA: P (&) RIZEPE P70MeV / 10nA
c8
1H28H 2H18H
&) ()
1H29H 2H19H
(H) (H)
i FIHE A FIHE
1)?)%0)8 wrroa| RUERE| AT F o PTOMeV / LnA, 2)?)%0)5 worro| RIEPE( AT A PIOMeV / LnA,
c8 c8
1A31H R4 72 RIEE(QSJ]CUF)TW,%) 2H21R RIZEJE RIEFQ?(BSMgFﬁ%>
(k) H,24, 10 2 A, C4, 9:00~11:00 (K) @75, C4, 10:00~14:00
R TR T
2H1H . . 2H22H . EA R R OB ALkt
k) RIZ:jE RIAE (k) RIZEpE P70MeV / 10 nA
c8
2H2H . R AR 2H23H . .
oK) RIAJE P70MeV / 5nA (K) RIZEPE RIZE
c8
Ly RIZEE RIAPE A R RI4PE
BRI BT A RA Feb NS
2H4H 2H25H KSR T COMBREIENE  Fil
(+) (+) P70MeV / 10nA
c8
2H5H 2H26H
(") (H)
PO x T AT IR DN rros| RUERE | AT FoR | RIARE
Eiis RIZEE RIAPE S R RI4PE
s RIZEjE RIE e S RIZEjE RIZE BE
FRLIZLDLEN TR —fFHTED EH SRR O E 1 ER b - AR B —
2H9H . KRS B4 28878 KEKGRIF) 3H2H . 252 B BT A% JAXAGE &)
(oK) RIZEpE Nel20MeV / 500nA o) RIAJE P70MeV / 100nA
c6 c8
O Rz RIAPE By RIEE RI4:E
2H11H = A 3H4H
(j:) @na/m\o) EI (j:)
2H12H 3H5H
(H) (H)
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2017/8/30E1RI
IS AR N R IEINE T e

A 8 A4 gl 4 1% i 7= 7% T 55 ol &= 7 —r | —
O L ru| T | R&D [ K~ B A
| R Sead Yo S RSN SN
3)(1712)EI RIZEpE AT F A 3?;(0)5 ;E/E;q,\?\\/:/é, PN
N ASTF YR s S~ B A A
3H11H AA1H

(1) )
3H12H 4H2H

(H) )
3}35%5 jé%jiﬂ }l ;//filvj‘ oA 4{1;? ;*Q;%Hv§7<i/,;//f? /r A
3}1i%5 jé%jiﬂ )l ;//filvj‘ oA 4{33? ;*Q;%Hv§7<i/,;//f? /r A
3?;§;H jé%jiﬂ )l ;//filvj‘ oA 4{32? ;*Q;%Hv§7<i/,;//f? /r A
3?5;35 jé%jiﬂ )l ;//filvj‘ oA 4{2;? ;*Q;%Hv§7<i/,;//f? /r A
3H18H AASH

(1) )
3H19H 4H9H

(H) ()
VEE w0 wel Sess A s
3?5?55 jé%jiﬂ )l ;//filvj‘ oA 4?;355 §*§;£HV§7‘i//;//f7 /r A
3}1135 jé%jiﬂ )l ;//filvj‘ oA 4}iiga §*§;£HV§7‘i//;//f7 /r A
3?ééﬁa jé%jiﬂ )l ;//filvj‘ oA 4?g§55 §*§;£HV§7‘i//;//f7 /r A
2o =0 A 4H15H

(+) BERF&OH D
3H26H R

(H)

(HD
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