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Abstract

At Research Center for Nuclear Physics (RCNP), Osaka University, an upgrade of the K140 AVF cyclotron has been
underway since 2019 to improve its performance, i.e., to increase the intensity of the accelerated beams. To achieve high
intensity, it is important to enhance efficiency of the beam injection efficiency into the central region of the AVF cyclotron.
Therefore, it is necessary to optimize the low-energy beam transport (LEBT) system from an ion source to an inflector
electrodes. Specifically, the LEBT system should be designed to transport the beam from the ion source with high intensity
and low emittance. When calculating the transport of high-intensity beams, space-charge effects must be taken into
account, and since it is difficult to perform analytical calculations, simulations are performed. For the actual simulation
calculations, we use OPAL-t, etc., which can calculate the space-charge effect in the Particle In Cell method. The
emittance is then measured with a pepper-pot emittance monitor upstream of the AVF cyclotron to confirm the simulation
results. In this presentation, details of the simulation calculations and emittance measurements of the LEBT system will
be presented.

1. [ZC®HIZ 245 GHz ECR

RCNP 2MEAHT5 K140 AVF Aruaha NI ry 77 proton source (HIP: ECR)
L —RZ#EL T, %aﬁ}_g-%&gfit%_h@ﬁt\;ﬁa% HEFE w Q_% w)’ Q‘uﬂplasma[ron
LCW5, 77 7L —RD BIEL T, FEm Rk > ub:, {5 ijl; Z
HEREDBRIL, —RRLT-BHAREAEDIILR L B350 T supercontumtas ECR wan, PP g u )
%%EXT% I3 AFV “‘j‘/f?tji\m/“C@ﬂl]JEI: — A% 10 ion source NEOMAFIOS g

~100 pA IZTBUER DD, A4 LA AVE H1 271
rar DA77 X EMETORT RV F — gk
(LEBT) > 27 AT, 1 mA B2 A —ADOEERFT
9, Figure 1 [ZAA TR & N LEBT 71> OELEX TH D,
ZITIHMEZ R =D LB KRB DA A B — L
ZWHD T, B ERNELEE LY —LlEEE % Figure 1: Ton source and LEBT line in RCNP.
| TZVL X757, £72 B — A0 KB E LA ZER T2
7‘_ AVF A 70 b A RIS TELA/ 7L
ﬂ;’zésﬂ%ﬁw k5, LIz iioT, E— bk = e =

Akt i p i b ETATIVOBERHE ‘
LEBT 3 A7 2&Sil{bd % L3 BB/ ChHD [1] AMFIECIL, B —ABUEGEH RS —F ocelot &N,

AKBFFETIAA % 10 GHZNANOGAN S48 thSS INTA=SF ﬁx’ﬁy@ﬁ% 9o He¥'DAF B — L%
AVF $A7aNay DAL 7L 72 B E TOPEFE 75» BEL . B PRI x50 =5 mm, X',y =
ﬁﬁo F7 B — AT DI 2EFTIC Ly — Ay R 50 mrad, ey, £y = 250 mm-rzlradkljflo EE X

TIVH U AE=L—(PPEM)EFREL, Iy X A% | 1 mA, 25 pA, 10 A O 3 FEFE CEHEZIT- T,

T % BETDE—LIANT, F /T PoA TV 2 E
BETTHD, T/ PHEIEHENT- He* I RIA &
Wt 2 D&ERRHL T LEBT 74 OARFIZAD, Dtk
M ERA LS CTHIREAS T A, AVF A7
OheE AN AR SIS, BEA B EITHAED LEBT AT A
PHEL, B OB IIAL 7L I X E RO E T CHEAR

5t
« 75%
i

Injection to the AVF
cyclotron

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

-251-



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

PASJ2024 WEP013

E—LEFHR : 1 mA

X1 | E— LOHHE
By = 0.100 [m]
By = 0.100 [m]

E—LEH : 25 uA

E—LEH: 10pA

;5 T+ k1
o 2| 6 8 \IU
90° fEm mEmgs /|1 FEEE
Wa PPEM1 PPEM2

Figure 2: The LEBT system configuration and twiss parameters fx , By of the ion beams from nanogan.
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Figure 3: Schematic of PPEM.
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Figure 4: PPEM mask.

Figure 5: Images of the impact of MPC breakage.
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Figure 6: Images and obtained phase space in PPEM1.
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Figure 7: Images and obtained phase space in PPEM2.
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