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Abstract

CNS 14 GHz Hyper ECR ion source provides various ion beams to RIKEN AVF cyclotron. We have been focusing
on the enhancement of the intensity of multiply charged heavy ions by improving extraction electrodes, metal vapor
generation methods, etc. Recently, studies on ECR plasma have been performed for further improvements. A state of
ECR plasma is defined by a combination of several operating parameters, such as the excitation current of mirror coils,
RF power, the flow rate of ionization/support gases, and so on. We used Kr gas as ionization gas to study the effect
of those parameters on ion production. This report will discuss the hysteretic and transitional behavior of ECR plasma

observed in the experiments.
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Figure 1: Scematic diagram of Hyper ECR ion source.
Magnetic components are shown in green, the extraction
system is in purple, geometrical elements affecting RF cav-
ity condition are in blue and the RF feed is in orange.

YNHDH AEREZT>T WS, 1 7l
TS RFIRCER S, 79 X< F = N EFMl
CRBEINZEREEBL CHBINE, TIX~
FxUNET T N UTEIHEE (V) 7201F
WTW5, SHEOERTIE Ve = 15kVIZEREL T
Wb, A AT ISAF o NOHOIZMET S
75 A B B HEMOBTIEI W — LA 7%
2, BIESHINAE—LIFEEE (V) CHIME 0
7274 Y o I)VEBIZL D ERIN THRIZELEI N
5, ZORIHRIFEHIIR-> TNEZHET LI &
MTE, MEX Yy TEEFET LI EDAEEIZR -
TW3,

5IHRO FHIZ XY EM A & 90° DR A A
REINTWVWS, RABATE =D 21TV,
V=LAV MR T 75T =0y TTCEEDAL A
VO — LAERMEEZFHIIL TV,

- 860 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

V— LA DFERIIRIR DA A VFNTA—K6DL
Y — AiERINT A=K 3 DTS, ¥—LE
HROBmKALZITO IR I NS DL EBME % fRh 7
X 52w, FRZ ECR 1 4 ViF2EiEd 5 BT
RLHEL VDX, AT A=K, T ATIRESR
WHTWBYHE, BHED —X /G L TWhwin
WD I H B, BIZIE, A MAEH ADF &% I
g, BTEEXEART S AT, BETOFER
BT 5,

3. ECR7SATDERIRSE

vﬂifﬁﬁt@%/\t’iX—ﬁfﬁ@’fﬂ“/l{f—.&%
WZH5ZBHEBIZDODWTEBZIT>TE, 141k
HAIZIE Kr &2, PR — M HRAIZIE He. Ne. N, #H
W, HH NG A= R ENAZE DU TE — LAERD
HEEIT o7, TDRER, W O DKEMTHEER
Fio e 79 XA REBOEBBHLVBH I N, 25
baf%@iL%®E LPHRRFIZHEREL TV

S TREN T — X B E SNz,

3.1 wAoakth

PR— M H AN, ZHWT, 34K OBFRMEZ &
KAET D EDIZEHIHNT A =R EZPFHEL THh 5,
TWTA DX 1 7 i 1% E NS 87z, Figure2 IZ¥
1 27aE Iz 5 K™ v —L48 L TWTA T
FHllE N KOS 2 33, HIEDEAIZLD
1 W AR OKETIEEHI AR o 72720 T W LT
X1IweLTHhb,

A oaEHETE 100W S ERIETHL &,
C—LAEIFEMLUTHWE, 300W 5 TE—LED
BRAAE (36.5epA) 2325, SHICHNEETSE
300W HETERBBE I D Y — L& 13.5epA £
TRET 5, W THIIZ 600W £ THEMEIETH
P—LABNPMZI B3R\, TIhoHic
NERDIERLEZA, BERIPEI 5 /-HIEETT
TTHE ¥ —2omIEMEETT. 166.5W THEEBED
IO ITDEY—LEIZES>7T, O —FE200W £T
RF H 1% ER IS0, \lict iz EiFTvno -

40 10
15 —e—Beam Current (inc.) 9
—0—Beam Current (dec.) 8
30 --e--Reflection (inc.) 7=
--0--Reflection (dec.) =
- 25 6 =
§_ @
T 20 5 3
[= 9
I~ [=
=2 15 4§
= =
B . 3%
10 | . <
. 48 P t g 2
o &o0o--0---0b" 1
0 0

50 100 150 200 250 300 350 400 450 500 550 600 650
RF Power [W]
Figure 2: Beam current of $*Kr’™ and reflected power vs.
input RF power. The red solid line indicates the beam cur-
rent and the green broken line indicates the reflected power.
Closed circles are measured when input power is increased,
and open circles when it is decreased.
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Figure 3: Beam current of **Kr”* and vacuum pressure vs.
MCI1 current. The red solid line indicates the beam current
and the blue broken line indicates the vacuum pressure in
the extraction chamber. Closed circles are measured when
the coil current is swept slowly, and open circles when it is
done rapidly.
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Figure 4: Beam current of **Kr”* and vacuum pressure vs.
MC2 current. The red solid line indicates the beam current
and the blue broken line indicates the vacuum pressure in
the extraction chamber. Closed circles are measured when
input power is increased, and open circles when it is de-
creased. Triangles show the beam current (orange solid
line) and the vacuum pressure in the extraction chamber
(green broken line) after the RF power reset at 504 A.

4. T35 XAEBERAEIR TOMEBD

MC1 % 526 A IZ[&E%E L. MC2 % 400 A, 500 A, 588 A
I, TNTNDOMALEDLETE —LD0H
TV, M8 2+~11+) ZHE L 7=, $E5 % Fig. 5

2R, SHEETEDMD TS5 X< ERKIZE D %8
TA=RIFEZTVREVEDD, ¥—AiiER (7 A
VY b VX - PUEMREGAT - DA ) O %
7072, ZNRBAFVNTIAIF o NP5 F &
HANEZBOEERTOY —L0 A5 MA, 75X
TIREBDADN S K BEREFARSLT-DTH 5,

MC2 % 400 A > HRZ 12 EIFTWL &, 542 A T&
B Z - 72, §t > THIE X N7 liE 076 1% 400 A &
V500 A IZFEFLRT, 588A D& BB L > T W5,
ED A DIBIZEH T 5 & MC2: 400 A—500 A 1 [7]
BeoM@EmZ LT, 21lin S 114l £ TEAEIZ
P—LmiZ EFELTWS, —5TMC2: S00A—588 A
EBIZT I MZ2RVWTEENIZE — ALK
TLTHED, FRIEMBD Y — L EmBHEE 12 L
TW5, BIEOFEBRTIZHUK T OAIZEHLTE L
N, T A DMELREIREN S ¥ — LBENZT D
ZiX, TOMBIZE>TERZZ VD77,

100
MC2 Current
—4—4100 A
—--500A
—+—588 A

Particle Current [ppA]

0.1
1 2 3 4 5 6 7 8 9 10 11 12
Charge State

Figure 5: Charge state distributions of Kr beams. Three
trends are the results of their measurements when MC2 is
set to 400 A (indicated as blue triangles), 500 A (as green
circles), and 588 A (as red X-marks), while MC1 is fixed
to 526 A.
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