PRESENT STATUS OF CYCLOTRONS (NIRS-930, HM-18) AT NIRS

Satoru Hojo #), Akinori Sugiura®, Ken Katagiri ?, Katsuto Tashiro®, Akira Goto®,
Takanori Okada®, Yuichi Takahashi®, Ryuji Nakayama &, Takashi Kamiya®, Toshihiro Honma®
Victor Smirnov®), Sergey Vorozhtsov®
A) National Institute of Radiological Sciences
4-9-1 Anagawa, Inage, Chiba, 263-8555
B) Accelerator Engineering Corporation
3-8-5 Konakadai, Inage, Chiba, 263-0043
©) Joint Institute for Nuclear Research
Dubna, RU-141980, Russia

Abstract

The cyclotron facility at National Institute of Radiological Science (NIRS) consists of a large cyclotron (Thomson-
CSF NIRS-930, Kv=110 MeV and Ki=90 MeV), a small cyclotron (Sumitomo- Heavy- Industry HM-18), and nine
experimental beam lines. The NIRS-930 has been used for production of short-lived radio-pharmaceuticals for PET,
research of physics, developments of particle detectors in space, and so on. In this report, operational status of the
cyclotron facility and some improvements and developments are presented.

WEHFYA 72 buy (NIRS-930, HM-18) DOBLR#EL

1. [FC®HIC

T R 2R A RFZERT D NIRS-930 1/ 7 1 b=
> (NIRS-930)1%, 1974 FZHHPET-#RAFIH L=
MEEEERBNE LTEASRZ, 20%, EH
BN OHFRTOBE~, &5
HIMAC(Heavy lon Medical Accelerator in Chiba)iZ £ %
IRFERRTOIRFE~BITLTEY ., NIRS-930 %\
IRFEIT IThbaTnwawy, BEDO I, oA
A= 2 TG D T2 8 O L M A 0 BLE LB 3

ET, COMISHIHBRER ORI, IR,

MR ER 72 & & 2o T D, E£72. HM-18 H
A7\ kua(HM-18)i%., HIMAC TOIRED =0 D
PET Wi W 2 i E A o REERH OV 4 7 1
ha b LT 1994 HIE A STz,

NIRS-930 & HM-18 ® 2 BDH A 7 v b i,
ALK, RSLUEE ERARNOFH S T T
W5, 2011 4L, NIRS-930 TiIfiti 7 v —7%
AL, IOICHEIREANCTF v —~DOUBETT
Do, £, EFHLICIVIRE EHMEE
RoOTWERTRT 4 v I F v VRNV DOEFEITH
77, HM-18 Tit, B — AN fHZFHITE 5 X 5 I
W7o —7%8 AT,

INB 260 A a b OF RS BB
FHIZOWTOREEIT I,

2. FIAKR

NIRS-930 134y 1A A —» ZHFFED 1= O Jftht
PEIRFN O RLERFSEEZ T2 HAE L, Tofth% < O H
PSS TS, £, 22— =75 0RHE
RO LTEBY ., ZICHIET 5720 2011 4
XV LEHOERHAZERL WD, THICLD,

F1| B3R (1]

600
500
400
300
200
100
! T T

RIEE EOMOFIE  EELEE
BEd BEll gAA mEE
pUL wEfET ekER T efET

B 1 : NIRS-930 OF| RIS (2011 FFE)

2010 45 1674 FERECTdb - 7o HOERIFE]IT 1841 W
& REEICEIIN L 7=, 2011 48 B oo e ifis i i) & i)
HEBNCHER LR 2K 1 1o d, FAAEME
& 72 D IS o0 BLERF ST & Ot ORI IRER] &
THEEERR D 3 DT, TNENICONW TR &
BT L TR LT,

G ZER O BLE CrE, RIEIRRFR OB L% 3 4
D 112475 640 BN Y4 THN7-, NIRS-930 12
BT 2R A oG ClIERE X —47 v e L
FHRENEZITbRTRBY, ARERE LT
28Mg, GZCU, 64Cu, GZZn, 7GBI', SQZr, gngC, 124| “C‘%E)o
E—afE L LCiE, 30 MeV UL FDG+ & kFESF
W2 X DMEN 85% % HHTW5D, TSN TIE. &
I BMg AR A E LDz itk ~U Y

- 359 -



WX DHHEEMAEZ TETWD, 20 LI,
- DR TR ANV T AEHWZRE BT Z &1
X, AREEOFEEABESCL TV D

ZOMOFNHTIX, KRR a0, AME
BIFIE, KRS X D HEERER, WERFIE/ &M T
DI, 545 BN Y TH Nz, AEO E— ARt
Thiv, ZO=HOFEIZ 70 MeV LA EOBT-FIH 23
ZOFHAE O E D TWDE, TRUMIY,
BEBG . ~Y U A, RE, BE, REOFRNMEKTH
HIRF LI 2 EHEL DB — A#ﬂﬁéhf%

THEGERR CIX., A - B L - iﬁ\L;dJéf))ﬁ<£
KRR 1T 72 eV B — ATk A RS EDO DD
THAE | BEERBRATE D - 8 D EER 7 K T, 656
RS CoHNTZ, o, EFICLDRAWVHEIE

WCETOHNERE S ZoFicgEnTn 5,

HM-18 |3/ PSR A o L& B H & L Tl ST
BV, 2011 FE ORIEIRIFEIT 1614 B TH - 7=,
HM-18 Tl 18 MeV B & 9 MeV EG DN
AHET, FNENOEERIEF OEIA 2 X 2 (27T,
95%7° 18 MeV B OFIH T, 9 MeV EHEG 1O F| A
ﬁ4%f%otoﬁ%@%i EWA T F o2l
M O v — AERE DI T, 18 MeV 51

E9MeV HEGT L 2B bETI%TH- T,
A% 1%

FEIES TR
161485

w18 MeVFET gomevEFET o IfEEsT
X2 : HM-18 OIEIZFFEREE (2011 4F)

3. HBEHHE

3.1 (fETm—T0EA

2010 4FFEICRREHUEN T O 7 1 —T7[1]
@ NIRS-930 ~D#EfT T E¥ % 2011 47 7 H O EHA
FREFIZAT - 72,
BT T S EBBOBBEINTEREL N Lz
ANV L0 RET DHGOBMRZ K 31TRT,

B ITT v TEBEBNODEBELRELF AL,

AR —DF7A4 WD I Lz, 209,
vy 77y TEMMEE OARREITERINERE 2% E L
7o BREIEEIT LM77 VAL v F EEHO RG]
ZAA v FERHNTESHEEHO AN OO 2 %
IToTW5, &bz, By 77T v 7 EmNLOER
£ & Dee b OEK[EOIIE LTV, Dee EE
DONFE & B — A DOREFRN A LD L 212 LT,
MFBIEITZA Y e A a—7 % HAWTiT- 7=,

30 MeV ¥ & 12 MeV 57 TO E— ANFH DR

Vw7 7w EMIIET 10 XY .

EfGR L. Tz b &I b haAf vz HnTER

PERE S DI & F2hi L 7o O B — MMM EZ T h T

M4, 51Z7R7, EbWNMOEmE 0 L L THF
BCOMREE T
R L34S ()L Eifi=a30a)
300 ™

QBOﬁ /ﬁ,j\ \

—ﬁﬂlﬁﬂ% \Ps Ps o - Pw
50 {4 o5 | Hoe o7 e Hos Hoo
1 ll. _ .N!l L\

10 20 30 40 50 G0 0 0 G 00

T =T OMEE N Lo VY

)
&
=3

@
=3

=)
=3

FUL IS (Gauss)

X 3

,_.
o
L g

"&b
10
a8 ¢ o« EEH
g o
g0 WF
& 1 3% 3 4 5 @& 8 9 10 m¥ER
a * o L L
@10
A *
15 *
-20
Phase probe No.
B4 4 : 30 MeV B2t 7 % & — AL A E RS R
30
70
*
Ebﬁo ¢ f
=3 * * » HER
g 40 - * 1
= 30 ¢ mEEE
g 20 - + {
& 10 - * ¢
0 s B B mEE g _ ]
w00 1 2 3 a4 5 5 7 W B g g
Phase probe No.
B4 5 : 12MeV B5F 1Tkt $ 2 B — AL AH I E RS

30 MeV [5¥ D B — ANAHOZ BRI, +15 E T
Hol-DIZXH LT, M7 e —7%HNCThIJ L2
ANEREST L LIk +5 ELTFETHZ LN
T&E7-, £72. 12 MeV B Tl, 70 LR T
TV, 2t Y Aaf voFRERITES B
DUTICTsZenTEle, fifi7 e —7%28 AT 25
ZEiIZkoT, ZhETIEIN TV E— AR
THEFEGSEZ LD RBWEDIZ L., £87-0k
LT AL —DE—AIX LTI A 7 b
PR O NN FRHE (2 B4 5 IRE [ 2 RIE IG5 2 &
NTEXDH LI Te,

F 72, HM-18 12l 5 1 7e sk 5Hic
0 —7 DB ANEIT572[2],

X Ak~

- 360 -



32 VAKX v IR TFr—DEA

NIRS-930 TIiX#E kI 2 H Wi B — LA
Fr—OBBIZHIT T, YU IFyy IR
F ¥ — (S-Gap) DT A &2 EE L=, BEFOX T
Xy v TR Fy— (W-Gap) D% ENE ({2
T VL7 X —F£ O L=153m) (LT, Yoo
Xy IR F Y —%TAMHELT L=233 m
DO EICHRE LGS, E—AMENREIRD EN
VFUTNEMETT DI N o z[3], DK
TIEZEMEMIRICL Db D EBELLND, £ T,
VTN v TN TF vy —% =153 m OALEIC
HELTE—LT A RNEToTz, ZTOREER, N F
VIR E — ABBENE WS ETHLHEVIKTT
HZ LR ETNXy v IR F v — L EFREOHE
NFONDZ EEBRTHZENTER[4], V17
O hrYODAATHIARTA L D7 7Ty
7 FC4 ORI T 5, B L% D BSO I2k1T 5
N F U THFEEZR6 IR T, BE, Y7 u
X ¥ v NN F v —(L, L=1.53 m OO E THEFE DA
N —v g CHBERTWS,

LS. TOVUT Xy v TR TF I THEHIR
BOBEZNT CEIETEXLLIHICTHTETH D,

BS0

ggﬁi::}T_*'ﬁm .'_

=5 L hY L =
%3 -—e
=, ——L=153m({W-Gap) .
2 - ——L=233m(3-Gap)
= 1 L=1.53m ($-Gap) T
3 |
500 100
FC4 Beammtenzity [A]
K6 : T NXyy IR F v —ZHN-E— A

7 A MR

3.3 WuHRE

TRAF =TT A TOHFLNE—LEIEL
FOBEHFOE—LADBE LS EIF7-0 LizwnwE &2k
MEFREAEHE D, TRICHIGTE D L9125
EIRITLEMGZIHOLETE—L2DY I a2 b —
VarETOMERR 0 ST MBS LT,

FA7a ba s EERT DEEIEROEMS (A1
vaAg ), R baAfi, N—F=vy T a )k
DWW, ~ TR T 4 I F RN, TITT 4T
favy 22—k, 3—27NOTL—HF L XD
3%, Dee BEX ¥ v 7 DEL, A7V 7 X —D
EY) 13T _T OPERA-3d [S5]& HWTEHE L., %
NHOGHOE & TAS - i - B L o#uE A
LT o717,

WMmAIE 72— 2 (30 MeV BS1-) 12xf LTS
IToTRFE TR E— 3% — R0 B — Al sh 5%
NEBEOEEEEZ L HERT 5 2 RSN, —
FlE LT —AAHICEE T B EHHE & EliS & o ik
X 7IZ7RT, 5% DO —AR0MOE— A2 T

ZOWBHNELE LFH I HEL T, SHICHEA
ZITO TETH D,

15 Calculation |
= Experiment

10 -

Beam phase, [deg]
=} w
T

'
n

-10

-15
X7 :

3.4 o

NIRS-930, HM-18 & HICHRAESILBEAL TV D
720, BT EICEHEED RN SBE AT TV
5, RIHLE—LAT7 400D Q w7 Xy hOaA v
MDA, BEIKT A v DAR—ADL, ERft
T A D —T7 NV ORELC B & DM D%
B2 &, MPWKHE DM EE /o> TE TS, Zehn
TYH, BREENEGLBELOWEETEH SR TWD
T RT 4 v I F oL, 10 FEofE HRE T,
WHIK DO EA RN L D ATRE R B O F o7
D, BT RAF—E— L0 ULAREE 725> T
7o T, =TT 4 v 7 F ¥ FINVOEF %
FEhE L=, EHEEICIX. B+ 70MeV OV A 7 a k
g b ORI LB 1%fEETH-T-DIZH L,
FH % T 30%ETLEFLZENTE, 2—H—
IR CE 2 X 0272, 72, BT 80 MeV
i TEDL LTl

4, HBHYIC

NIRS-930 Tl —H# —DOF|HERAHI L T
b, FLT, FRIZE LR TH LW E—AKHED
Tz X —NRKDENTZY, BHFEOE—LDIH
FEOMEP RO LNV TBHLIC /> TE, £
BTN Z DXL, S®REwIREE—A T v —
DEA, E—LABWROREE, #HUEFHFIC L D EE
HRDOM EEZ X > TWL FETH D,

SE X

[1] A.Sugiura, et al., “Status report of NIRS cyclotron facility”,
Proceedings of the PASJ2011, MOPS031, (2011)

[2] S.Hojo, et al., “Development of phase probe in the NIRS
small cyclotron HM-18", Proceedings of the PASJ2012,
WEPS029, (2012)

[3] S.Hojo, et al., “Development of multi-harmonic beam
buncher for AVF-930 cyclotron(ll)”, Proceedings of the
PASJ2011, TUPS113, (2011)

[4] S.Hojo, et al., “Observation of longitudinal space charge
effects in the injection beam of NIRS-930 cyclotron”,
Proceedings of the IPAC12, MOPPD028, (2012)

[5] OPERA/TOSCA Reference Manual. Vector Fields Limited.
Oxford, OX5 1JE, England.

B — LR OFHI & RS R O g

- 361 -





