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Abstract

At the RIKEN AVF Cyclotron, in order to increase beam energies for the purpose of diversifying RI production, the
electrode structure of the central region was changed to new one in September 2017. As a result, the beam energies for
ions with M / Q = 2 such as deuteron and helium were successfully increased from 12.5 MeV/nucleon to 14 MeV/nucleon
and protons were increased from 14 MeV to 30 MeV. Although the injection efficiencies were improved for high energy
beams such as 12 MeV/nucleon, there was a tendency that extraction efficiencies deteriorated. Therefore, we performed
a tracking simulation for 12 MeV/nucleon deuterons. As a result, we found that the angular spread of the beams in the
radial direction at the entrance to the deflector is large in the new central region, which is one of the reasons for poor

extraction efficiency.
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Figure 1: New and original central region. The hatched
area indicates the original one.
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Figure 2: Opera-3d model for electric field calculation.

FL— XD T ERL TV, LIRS #E 35
FERTIZTTNT B —LDHISAE AVF EE Z =21
m &L, MERL % 12 MeV/u B T-& U TR RE
EREL, £, ZORME TIIZER B RITEES
FLTUVRU,

4 AGFENER

41 ToUeTHA

Figures 3,4 |2, 12 MeV/u O HE 5 1-IZ DWW TASE —
2(6.2keV/u) DINEETV LT 727 2 2&FHE LT
il LA R, BT P S O — SO THLEN AR
SR DKE 4.2 ZBIROZL), o7 7275
ADRES, O EETIESNTRL 72T 7L 74—
i L THY SR O, x, yFA (mIvH R
E=H—O K N) FNENDONAHZERIC EDomEER
TEISTAETHD, T4—FEEIT 40 kV LU=, Ho

300
. -®-accelerated
B extracted
St
£
£200 /V
£
E
g /
E 100
& /’
1]
2

0

T
60 -40 -20 0 20 40 60 80
Initial phase (deg)

(a) x-drection

300
’-§ -®-accelerated
E -®-cxtracted
£200
g
&
3
E 100
o
@
S !
<0 R |

60 -40 -20 0 20 40 60 80
Initial phase (deg)
(b) y-direction

Figure 3: Acceptances for injection beam for the new
central region.
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Figure 4: Acceptances for injection beam for the original
central region.
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Figure 5: RF phases averaged in each turn when
accelerated with the new central region.

- 820 -



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

42 IEALAH

Figure (a) NN <THS ST 281 A A ST G/ 74 = N = 7))
SRR U] OTJ\QTLT_*J?ODJJDEHW%/T?‘ IBCS

e :,t%\éﬁ—/ BIID 4 SOMEFX vy 7 OX vy
t0 T RENVARD S T D, HIIAIARIZ 00, 20°,
40°, 60°DIFEZE IR TWDN, IRALFRILE 2 #—
LUBE 30°F2E DIRIZIERMESITNDZEDS3 03D, Figure
5(b) (ZHTHANIARAS 40° T x JFIANZIL S0 A& Rf~ TR
DOIRALFR D 53 41 e 7m 3, NRALAR DL IF A 71
IR =S DH —AZBITHHEREDEICL>TE
[P QAYSH

5 YL

RI 8&E I WSS 12 MeV/u D EBFIXE S 100
UA 7275 200 pA AL T, K 25 uA 3B HHEhD,
ZOE . AFHE —AD Iy H AT 200m mmmrad &
NRES, AR T o —2d BT 7 E 2R RIS
EAREIZ LS THA TRV BEH A, S &
H AVE A 7aha D7 7872 A LD RENE — LD
AFENTWDEE 25D, AVF A 7abaror —

AX Fig. 6 (SR T IOICHE 77v75f— WMRTF v =%
MBI IT4mobalt 72— ko TRV HEND,
10 pA LA £ 12 MeV/u B[S OHRV LRI, £ D
WZEAENT TL X — 2B DRI > THREDL,
ﬁﬁ%iﬂﬁkéhk%ﬁf% 60%FEE TH D, 12MeV/u
HIGFO%E . TOEROUIE L > TAR RN L
EEINT—F, E:%ﬂ ESAVAYY e Jz75'A0){ﬁ
%ﬁiﬁﬁ%“@\ét&b\ B — A EE IS 57201212

Magnetic
bagndl

Figure 6: Arrangement of beam extraction devices.

Table 1: Parameters of Deflector

Maximum voltage (present) 50(40) kV
Length 680 mm
Gap(entrance) 6 mm
Gap(exit) 8 mm
Septum thickness(entrance) 0.3 mm
Septum thickness(exit) 2.8 mm
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Figure 7: Exit region in r-directional phase space at the
deflector entrance.
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Figure 8: Geometrical extraction efficiencies as a
function of angular widths of beams at the deflector
entrance. Three curves indicate cases where turn
separations are 2 mm, 3 mm and 4 mm.

DL ESGETHILBBETHD,

HET IV X —DNTA—H—% Table 1 (TR”7,
Figure 7 (27 7L 74— AOIZH1T5H r FAIONFEZER

J:@Ei@ Hi U AT HERESE (Exit region) 27~ §, 1/E DN

LA 160 kV (T 4—FEJE 40 kV) LT DT 7L 74—
ARZBITAINEICLSZ— B —2 a3 2.6 mm
T&)Eﬁb\ R—H " AR HDT2DF DAAH ALY
2B 45, Figure 8 [ZE — LD LAV DOREEEL T,
Fig. 7 DOEMFHNGIRLIEBV ML EE Y — &
SNL—2300 2 mm, 3 mm, 4 mm OEEIZOVTOR
4, ZOHE TR — AT L TF X — TR S
BRI THHIEREL ., MilRE S — '/ L —
Tar  fitEEY — AO[ RN ET DR TRk E
# % C. Exit region O 5HAEFEOEIGZRY HLE=HR
ElT,

Figure 9 (27 7L 74— ANIZETHETOY— K
ETFTLIH— ANATOX =B —2ar a8 AT
DRI DWW ORT, & AU FE-60°, -40°, -20°,
0°, 20°, 40°, 60°T x ALy F R ONFHZER _Eio—k
IR TWDRL DI BINEEI N D THD, HFE
RONARZER DAy 2 W RIIALE, A EENE 2
mm & 5 mrad ELCW5, 74— BJEIL 40kV LT, Z
DFHEET N TIIZ—r B L —igaIN—F oy
IREN D7D T AT Lo THER 0-5 mm DO#HIPH T

- 821 -



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

PASJ2018 THP019

6
5 iz
—~ —o A 3
e .. .
é 4 il g
.2
g 3
<
o
2 2
g | *-40deg - -20deg ¢ Odeg
& 20deg +40deg ¢ 60deg
0
140 150 160 170 180 190 200
Turn number
(a) new central region.
6
fg 5
= 4
=
3 et 2183208 .J oty oot
§ 3 '“uww (a } .o' 0 -
< .
&
@ 2
g
21 e -40deg e+ -20deg | Odeg
20deg - 40deg
0
140 150 160 170 180 190 200

Turn number
(b) original central region

Figure 9: Turn numbers and turn separations at the
deflector entrance.
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Figure 10: Positions and angles of all accelerated particles
at the deflector entrance.
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