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Abstract

Both high quality and high intensity beam of AVF cyclotron at RCNP is used by nuclear physics and various applied
research. It is needed to increase beam intensity for the needs of nuclear medicine. An improvement of injection line,
inflector, and central region of cyclotron is needed to increase the intensity of accelerated beam of cyclotron. Simulation
study utilizing SNOP code is performed for high intensity beam in the cyclotron with space charge effect. The structure

of inflector and Dee electrode was determined to increase the efficiency of injection.

1. [FC®IZ

KPKKZ: RCNP OHAraba fiigh Cid, 1973 4EIC
RIS AVFE YA rabar OEF bt & REH .
B ADE SEAL. B — LD KBEL AT B A
11T ETHD[1,2], ZOWR T, EEFDTDHD RI
IELED DI — L E KIE(LT 25— T, B—A
DB (EIvZ A, TRV =B — bR BT
ERROLIL TN,

FArarr 20 R THICHl>T, 2EH0mNs

WETEDLREEET D, E— L BEHEINT 5720121
A ARNOANF T2 — LB AN 5L, 22 BR%)
BIZKOE =B EN>TLUEN ., ARGIRE T IF 5L
FRIZ oIy X A IS TLED, 22 TAA IR [3]
NHDANGHETE FIFH2 &fwﬁﬁﬁéﬁfb%@ B
INESTDZENRAEETH DD, TDI=DIZIT AT EL
O EFITHHET DL, AT LI X — J:Elﬂ CoiE s 2k
BT D2 METHD, £, NEERS Tld, Dee 7 b’z
DIEAR T 180 EDOEBEM THHEZA% 90 FED Dee &,
15 2 EIC B &R DL TH—r HIZVDTRILF—F A
VEE ESEHIENTE, — F TR TF T DT
ERAM AV MAFE L TETOR F2IEXIKOE —
ST TENIE, F—r B L — a0 BNENY
= ADOE Z ] ESEHILENTES,

AWFZEClL, A 7ahar ORIz F O ERIC BT S
B — ADEAIHENE LI — T a ko TRRIAL,
DE O B EASEEDOM FI2kosTAS AIRE.
B —AEE N ESERRLIIvH AR/ NS THIEE
His 9 &xita11-o7

# nakaom@rcnp.osaka-u.ac.jp

2. SNOP ZHl\f=23al—>ay

YRalb—valid, EREM I REEZEICANT
Y Arabar DI — g BT T ATHD
SNOP [4] Z#HV 7=, SNOP (=7 JINR TRIFESH
7=7a T KT, BEICEA[ SRR EAF6,7]D AVE HA
rahar CEBOE —AEHBELTHZLBHNDHILT
=7,

SNOP %, YA 7uba a2k 3 Dm0, EmRCaA
JVOTERDE OPERA-3d [8]% CTRtHE S 3 IRICHE
Y W7 — 2 &M T 5, BRI, BG0T7 —4
W, A 7abar O AR TATIHRNEHAOYL JAR=2
ANOREGZF AL, EEGER ClIAAf a /LR La
AN XS THER T D512, fIEF DAL —a A1
2T AT AT T RV DR %bﬂzm)@%ﬂﬂﬂbﬂ\
bo Tz, BHOT —HELTUIAL TV I H—RT T T
H—D¥ELL Dee TMROD RF BRIz TWD, Ei=.,
K EBIROT =2 N — AU hOW B 7o B 1 WA A
HU., EDOKEIEH R LR TN kbbb tas I
L—3au95%,

ZRL - OWIEIZ A O HE ETOM. 4 koL
T IR EERWCCEHEINS, ZEMEMEIRIL, PP ik
(&~ raX—=T4INVORIOY—nr HzBEEFET D)
F721% FFT & Poisson HE5 544 /- PIC(Particle-
in-cell)JE TRIFEINDM, PIC 1£28 PP 1£10 10 f5L4
L OBEETHERRETHDHT2D, PIC EE2EERICH
Wz,

3. AHZADIIalL— 3y

Y Araba & KRBELT DI T=~>T, 22/ B2
BAZI D — 2D IR NRIEIZIR D03, T DO EE I
BT HDIFE — LD T R F—RHEHEV, RE J#E
FTBLURID AR TA L NOAL TV IH—FTOMTHD,

-355-



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 TUP022

ZZCE—LREZ IS OREAF T A TD
E—ADREZEAFRIZONTIIaL—varE
1172, BUED ANFFZT A O %% Fig. 1 1287,
Ar7vabrrOHLEEEY 2550 mm BIZERE SN
VT — BN 2l —ar B BIAL E— AT
FHANIHUCEEZ XY ik 30 DIy X A%
Ffo 41keV OB 1a2a—AT 4> 7B —LTARLIZE
RELT, ZAULBELSFIHT 28 —ATHD, B HLIEF
IZ 65MeV ETIET 25 GV 7 A rrbrr~D A
b EEEL TS, if_\ S IR AT RY Y
723.2mm & 1697.95mm DN EIZIX Fig. 1 £IZRT
T —HPF =L XZINEDT- :;&%LT%% TL—
WLV XD EEERTHIELEBEIZANDLRET
3%755‘ AENIBIEORE CL o R+ B Ea 2 bE
. IF'W* T R D FEBOENRIZ ?T%Hf!‘%/)f%/w/ﬁ
H— B CUL R A AT HEDNE D D3 Ze FH ~ CIL R Al BE
v — LD E A gL -T2,

SEEBEE

qasex lens T omiax
. == STHSTVI_AX
Coil length: 270mm o
Pole gap length:  120mm ‘-_{ nal e SRR
33 mm

ATIN00 L) OFER

Ea-72 5
max 350A  atr1/1000 A JLIAN
N STHSTVZAX B

by
[| STHSTV3_AX

R

Spilal Inflector

Figure 1: left: Cross section of magnetic flux of the
Glaser lens. Right: Vertical injection line.
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Figure 2: a): Beam size in the vertical injection line in
case of 1 mA beam. b): Injection efficiency dependence
on Glaser lens coil current of each injection beam
current. Current of two lenses are changed in the same
ratio.

VKOO —AEBROEEIZ, L —F—1L X(Z
i E (/lu%wﬁbfﬂ%fﬂ4(4/7V7§7 AV TDH
v—Ahigme P A7uabrn A AR LT 5§ X—2FRT S
v —AEOEE)DZA L% Fig. 2 b)IIRLIZ, /77
H—TpEDLRMIIREITEEE TS 90 £ Dee L1271
IH—A ZHWT, HAEL TIE — A BRI
1EEAHDRME FL TS, 10mA OBEE RO
L —H —L AL HCTE — AN T = N — T ZE LTl
FH7D  TTTMBITERE LT,

ZORERTIZIARZIRIMENN, ZIUIA T v —%
FIRL TR Z EREL TN Th D, /N F v —
LTV ==L U XD IRTG A= DM 5B S T
WRMEEZET UNERZHY, ZOT=DITIE/NT AL —
FORNHEE FIFHLERSHD,

4. AILOF—hoRIDEEDYIaL—
o3y
ANFTEEA 16kV 235 50kV 12 RS 7-012)
ATV I E—F TR ET DU BN B D, U
TE—L&Z A 7L 72— H O THLOL I AILDNL
ELELT D720, To—EMO I TE —LE AT
LR =GB EHT T T 0 E GO TT 4 —EBD

-356 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PRI ALE S DUEN DD, Tz, IRz m L9
D721 90 JE Dee ([CAHE 5T LITHIGLT
Gl &M UBMZ T 20 EZ 01 DD,

41 ATV IH—

ATV I E = TBELRRICASA TGN TV
2 —[9,10124E 32208, BIfELRRFHRO(ALA Table 1
IR LTz ARATGNA LTI Z—D NI A UT-R
ITHENC—TEDEL(EA7ubar O THIT i,
Z DORER -2 % B - (Electric radius) A, Bid5 488
(Magnetic radius) p LEFKT D, ZZ T, A TLIZ—D
ES(HODEEIDDA L T2 — AV A ETOES)IT A
2LV, K value 1. A7 L7 Z—H B OB L
T AT THIIE K=A/Q2p) THREIND, K FHIh
LT EEIA TV 72— CHLE N RER LT A %
Rotation angle EEFKL TEIIRLIZ, A/ T7LIH—D
AL EH OO HELT-BEED Outlet radius T
b, A7V 7E— ANAEYArarar FZEE
2T Outlet radius BNAL 7L 27X —H OOV A r7akay
DHLINED R THDLN, A TV I H—Z bk
L CRE LG A 78— cid—8L 7w,

Table 1: Specifications of Present and Planned inflectors

present A B C

K value 0.795 0940 0.853 1.034
Electric radius 24.0 49.8 45.2 54.8
(mm)

Magnetic radius 15.1 26.5 26.5 265
(mm)

Rotation angle (°) 143.1 169.1 1535 186.1
Outlet radius (mm) 20.0 38.5 36.6  40.0
Max electric field 1.34 2 2.2 1.82
(kV/mm)

Injection energy of 16.0 50.0 50.0 50.0

accelerating 80
MeV proton (keV)
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Figure 3: Orbit near the first gap in case of inflector
AB,C.
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Figure 4: Inflector and central region. a) Present central
region. b) Planed central region in case of 180° Dee. c)
Planed central region in case of two 90° Dee.
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Figure 5: Maximum acceptance of the inflector and
central region. a): 180° Dee case. b): 90° Dee case. c)
Definition of X, Y axis.
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