Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 FRP36

BEF A0V HIBZEAAVRICETSEEEXRRARAIFIUVIUNR

[CEBEMAAERDE

HERIEETIVIDRBIE

ENHANCED PRODUCTION OF MULTICHARGED IONS BY MIXING LOW Z GAS
AND EMITTANCE MEASUREMENT
ON ELECTRON CYCLOTRON RESONANCE ION SOURCE

FEARTEE G, 5 I EUER, RS L

Yushi Fujimura, Koki Iwahara, Yushi Kato

Division of Electrical, Electronic and Infocommunications Engineering, Osaka University

Abstract

We have been studying efficient production of multicharged ions on an electron cyclotron resonance ion source. There
are various methods for efficient production of multicharged ions. One of the methods is mixing low Z gas in the plasma.
The purpose of this study is to measure parameters related to ion temperatures for typical pure Ar ion beam and He mixed
Ar ion beam. The results showed that root mean square emittance of Ar?>" ion beam in the case of Ar mixed with He was
lower than that of pure Ar. In the future, we plan to conduct heating low Z ions selectively by ion cyclotron resonance

with low frequency electromagnetic waves.
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Figure 1: The top view of ECRIS.
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Figure 2: The side view of measurement part of IBIS.
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Figure 3: CSDs of Ar plasma for pure Ar and Ar/He
mixing.
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Figure 4: Typical Ar*" beam profiles for pure Ar (a) and
Ar/He mixing (b).
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Figure 5: Ar*' beam profiles when the multi slit was
inserted for pure Ar (a) and Ar/He mixing (b).
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Figure 6: Emittance diagrams of Ar?* beams for pure Ar (a)
and Ar/He mixing (b).
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Figure 7: n, distribution diagrams for pure Ar (a) and
Ar/He mixing (b).
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Figure 8: T, distribution diagrams for pure Ar (a) and
Ar/He mixing (b).
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Figure 9: Cumulative emittance distribution function F vs.
emittance &.

Table 1: Comparison of Results Using Two Methods

&ms by analyticale,,s by analytical
method 1 method 2

pure Ar 297 mm mrad 95.1 mm mrad

Ar/He mixing 151 mm mrad 76.7 mm mrad

T HZEDERENT,

rms TV X U ADMENT FIEIX B — NERO R
MBI I X AP B ELND =y Z L AMEE B
RICT 4T 4 7D HELSMNT, tms =3I F U ADTE
#X Eq. QT OLEHAE~NLF Ay MEARROE — L7
n7 74/ (Fig. 5) POEHER ML TRAT D HIELFE
T 5[6], 2D 218 DFEMT FIEIC I DR R4 Table 11
RUTCHET 5, I TlE, B D J15% method 1, #
D)% method 2 ELT2, ZIVENDIENT FiEIZL -
TELN rms TIV X ATIZENH-T-HS, He A
XU TR TR BITE B L OMEAT FIE THE
WTED, 2ODMRMT FIETIHWVE DR REL
Hol=Dit, < /VF Ry MNEBRE —AEBRO T 0T 7 A
IV (Fig. 5) INA AL B — AL b l-> THELNRD->
T2 ENFRTHDHEE ZOND, ZOREITA % O FH
FROBEIEIZE > THESND T ETHD,

6. FLDHESEDFE

ARWFSETIX, pure Ar 77 A~ L Ar/He 7T A~ DZ L
FIUTH L TE—2&EW D CSD HIE., =Iv X AHIE
7"?2“7/\"’7‘% ZREEATV, ZNOOREREZ L
77 B —LEFRD CSD M ERE RO t#RIcL~>T, He &
AIXL TN ED Ar T IR DSAA A EHE NN
ERFEREINT-, £, 230X A|ENSHBLNT
rms TIVZ L AD RIZ L > T, He HAIF 712 kD
AP — LD rms TIVH LA g0 DI DHERES LT,
SIBIT, TR RTA=ZRERE RO HEIZ L > T, He
HAIFI LD Ar IR~ DET-EE ne BLOVE
TFAREE T. OV LA E RN LRSI,

SHITEIvZ U ARNELEE OIE IE B L O F1k
DEEAEATV, LB D Ar A4 — 4%, He A4
VE—AIZHLTH rms T XU AR ST AT ETH

-935 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi
PASJ2023 FRP36

Do Fl2, WE R TEHAIFT T ICR MEVHE
Wi 28 AN UBE B e BN AR RN 528
IZEo T, EBRELAMAA I &N A B &35 8
HITHOTETHD,

SE Xk

[1] A. Kitagawa, et al., “Review on heavy ion radiotherapy
facilities and related ion sources (invited)”, Rev. Sci. Instrum.
81,2010, 02B909.

[2] A. G. Drentje, Rev. Sci. Instrum. 74, “Techniques and
mechanisms applied in electron cyclotron resonance sources
for highly charged ions”, 2003, pp.2631-2645.

[31 A. G. Drentje, “THE ECR ION SOURCE AND
ASSOCIATED EQUIPMENT AT THE KVI”, Nucl. Instrum.
Methods. Phys. Res. B9, 1985, pp526-528.

[4] Y.Kato, et al., “Accessibility condition of wave propagation
and multicharged ion production in electron cyclotron
resonance ion source plasma”, Rev. Sci. Instrum. 87, 2016,
02A710.

[5] 1. G. Brown, “The Physics and Technology of Ion Sources”,
1989, pp92-94.

[6] M. Zhang, “Emittance Formula for Slits and Pepper-Pot
Measurement”, Fermilab-TM, 1998.

- 936 -



	1. 背景と目的
	2. エミッタンスの原理
	3. 実験装置と実験手順
	4. 実験結果
	4.1 ECRISから引き出したイオンビーム電流量の質量価数分布（CSD）測定
	4.1 ECRISから引き出したイオンビーム電流量の質量価数分布（CSD）測定
	4.2 Ar2+ビームに対するエミッタンス測定
	4.3 ECRISにおけるプラズマパラメータ測定

	5. 考察
	6. まとめと今後の予定

