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Abstract

A prototype compact electron cyclotron resonance ion source, named Kei3, based on Kei series has been developed for
production of various ions at the National Institute of Radiological Sciences (NIRS). We investigated basic performance
of the Kei3 source at previous experiment with gas mixing method, plate tuner and two-frequency-heating method. In
order to increase a beam current of highly charged argon ion, we tested two-frequency-heating method with gas mixing
method. Two Traveling-Wave-Tube (TWT) amplifiers were used for this experiment. Microwave frequency of TWT1
and TWT?2 are 9.75-10.25 and 10-18 GHz, respectively. Mixing gas was Oxygen. As a result, beam current of Ar’" was

increased from 12.3 HA to 40.0 pA.

1. [EC®HIZ

B 7R E A 28 B RS B U R R S R SR T
(QST-NIRS) P KL - #R 25 A TR e & (HIMAC) T,
TR H IR #FE2 AT % 10 GHz ECR A4 (NIRS-
ECR)[1]DAth, A4 - W BRIEBRIT AN TR % 72 A A Fl
OHEAEZEITH 18 GHz ECR A A JH(NIRS-HEC)[2]. /)
A ECR A A PH(Kei2)[3]. PIG A4 H[4]D 4 DA
T ARDEE L T D, BLFE, NIRS TIXEREEDO A4
AERNC IR 52 L CEARA R LET Bl OMRE AR
BT D~ TF A4 B A HEEL TVB[5,6], 1B E
SNBHAAFiT He, C, O, Ne ® 4 FliFE T, DA
IRE A TR AR G IOV BN REL e D
23, W R R DOIRFE SR Tl AR IEHR AT F R
DELIEDE  KATBEATD ECR AA 1B T g
HIENEEND, BUEME KA E CHEHIN WDk
DA ECR A A RO Kei YV —RTld, x4+ D%
filiA A BRI T 72 AT IAD B S DT
W k&2 I3BTHRA T RO G EREF O A A R A
FAWT=BIFREAT > TD[T],

AKIKEAT D IR TEATIA DI & T 195 /M ECR A
A ARD Keid 13, K& A4 ARG T 244 RO
B L L TR S, IR IS ST Kel &
V—XERIUHSE AR AL 0D, [kHE 4 i
DA DERENRETHD, FRZRFEIVENAA
COERITRETHD, TNFETICHAIF LT HERR,
T —hFa—F—r AW A aEE ADEEELT
W, S A DY — LR A X > TE72[8,9],

LlalE, ~ A7 a2 ENEELE D AIF v o 7 kR
HEDET, Ar DEAliA AL DY — LFREEHE iR A X -
7~

# muramatsu.masayuki@qst.go.jp

2. EEAE

2.1 AFUTEORERL

Figure 1 [ZA A JROBEIE X 27~ 37, Kei3 TlE, AKA
WA O LN SHDEZEFE D, WR-90 DOFEZE N &
FHELTA7alENEAIND, ~A7a2RIZIE NEC
HHOMEITIE 77 (LD79XT75A1) 2 HL T\ 5,
JEWEELH 9.75-10.25 GHz, Fx K J1H3 750 W Thd,
WR-75 EE X, RRAIEZER O _LERNSE ASI,
BEED WR-90 B D EEICERESIND, 2EMNEVH
D~A7aEIFIZIE Xicom LR OEITHET 7
(XTRD-3001)) A A FH L7z, JE#H%AS 10-18 GHz, K
H A3 300 W THD, WR-90 & o Seim (MR
TR — ) I —hF a— T —m i E L, R
&2 L CE R ETZ O ES _EFRANC 30 mm
BN TN TED, TALRERIC EREZEHNHEA
b, SO EBRTIET NI L EREO N 2% H T
B2 OO<ATO—arha—5—% W THAD
MEZHIET D, KAWALETTA~F 23— Bl
BIEZEFE, TWT1 X — A5 D7D 10 kV OEE
BEIMEND, BIHEBNLEVTE S I=AA L, T A
2V RTINS N4, 90 FEED Sy Hr s A Thy
W&, 7777 —ho 7 CRHllE NS,

2.2 2 ENEGER

~ A7 2 MO R BT 5=z, 7a
DO — LR AT o7, Keid 1% CHAERAZBERIEL
TR AR IR T=6D . T IVT L 72 8 DSAliA A DAERE D
NEETHD, 5 ORER TIXM DA A B Lz,
v A7uFERE2EMHH T57-9 ., NEC 8o
LD79X75A1 % TWTI, #/=IZi% &L 7= Xicom 8o
XTRD-3001] % TWT2 L7, £9°. TWTI OHT Ar®*
MELIGELNDIDNTNNTA—Z (F A&, ~ A7/
U—. BIHEMRALE) 2K LTz, I TWT2 O~ A7

1144 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

A E AL AP O SRR BRI A fERR LT, ZO
® TWTI1 OJEFEIE 10 GHz T, TWT2 O J& i %t
1% 12-18 GHz, /SU—{X 72 W TbH %, RIZ, TWT1 D=
UK E A LT, ZOFED TWT1 O J8 T
10GHz, /XU —DO#iPHIL 76-700 W T, TWT2 D &R
1% 15.5GHz, NU—IL 72 W Th%, 7L —rFa—F—
DAL B TTE N O Je i (BRI T — R0 —2) ¢
HD,

FIREDOFERE | IeFR a2 W= AIF T 7 DIRKET
HiT o7, TWTI @ﬂ&éﬁz % 10 GHz, TWT2 O J&E# %k
#iPHIT 12-18 GHz. 2XU—I% 72 W (B EUR1EME) .
TWT1 DA EIE 10GHz, /XU —D#iHIL 76-700 W
T, TWT2 OJE#0% 15.2 GHz, 237 —[1X 72 W TH5
(T —KAFE),

Movable system for
extraction system

I
Plate tuner Plasma electrode

Permanent

Additional waveguide
(WR-75) \

Movable system
for plate tuner [

W: d = ou g i
WR80) . 300 I/sec TMP

Plasma chamber

/" 450 1/sec TMP
Einzel lens

Figure 1: Schematic view of Kei3 source with additional
waveguide.
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Figure 2: Dependence of Ar’* current and microwave

frequency of TWT2.
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Figure 3: Dependence of Ar’* current and microwave
frequency of TWT2 with gas mixing method (Oxygen).
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Figure 4: Dependence of Ar®"

power of TWTIL.
45
_40 W10GHz ° ® . .-
<=.35 @10+15.5GHz . .
= ]
°
= 30 [ ] (™
5]
E 25 ¢ .
9 [ ] s
20 e °©
3 =
215 °
+ [ ]
%10 ¢
< o.'
5F .l
0 200 400 600 800

TWT1 output [W]

Figure 5: Dependence of Ar®" current and microwave
power of TWT1 with gas mixing method (Oxygen).
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Figure 6: Charge state distributions of argon. Comparison

between single heating (10.0 GHz) and two frequency
heating (10.0 + 15.5 GHz).
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Figure 7: Charge state distributions of argon with gas
mixing method (Oxygen). Comparison between single
heating (10.0 GHz) and two frequency heating (10.0 + 15.2
GHz).
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Figure 8: Charge state distributions of Oxygen with Argon
gas. Comparison between single heating (10.0 GHz) and
two heating (10.0 + 15.2 GHz).
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