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Abstract

CNS 14 GHz Hyper ECR ion source provides various ion beams to RIKEN AVF cyclotron. It has been continuously
improved for more than 30 years since its installation, and its technology for supplying high-intensity multi-charged heavy ion
beams has matured. On the other hand, there is still a difficulty with beam stability, especially when supplying metal beams.
Even if a sufficient current of the beam is produced stably when the ion source is tuned, the current decreases over time, and
beam production becomes unstable during long-term supply. Currently, the accelerator operator adjusts the parameters against
the beam fluctuation to stabilize the beam. However, it is often necessary to interrupt the experiment to adjust the beam. To
solve this problem, a stability control system of the ion source is currently under development using machine learning. The
preparation status of the system will be discussed in this report.
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Figure 1: Scematic diagram of HyperECR ion source. Mag-
netic components are shown in green, the extraction system is
in purple, geometrical elements affecting RF cavity condition
are in blue and the RF feed is in orange.

LTWRW, ISR A VIRTENS DY EZE
BBHTA2Z23TERY, FABLANSB/ONDIE
WIEIEL—LEBRP IO T 74, T AN IR
LBz, A Z VIEO NI E R IR & B
55 %2/T. RIZEEER Y — AR IEREHOZE
HilfE NEETH 5,

AWFZED B, EiH IR E T RIVERRICS
BELUZE—LHAZ2THICT 5 & 5> HEEIE Y A
TLDEBTH D, SHIFZTNEZEBZEDO 7L — L4
=% HWTHERET 572002175 77,

3. TYIE - FIE%R

F— ZNE R OHIHRIZEF R v & —HIH 2
NV—THBAFE L 7= EPICS Ml A5 L [2] 2RI LA

- 769 -



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

PASJ2023 THP37

F VIR KO LEBT OEIENN T A —& - HET — & DI
L2475, kT ML, FRRD 1 A > JF G

NRIA=RIZ, 4270 ONRHFE, 5/ EHLRDOT
AV IVEFE., N1 VER. slEHLF =D
B9 UEMRERAG & D ERaDER. 2WF <
VROV M (ENEG)ALE. 77T — Ay TE
FAEEMAZEE 17T 85 A =X TH D, 7277 AN
DOEGEERT 2720, 7T — XAEMIHERIZE T A
HATOWMBEEIDADB L5127,

4 . LightGBM % F W2 S REAR DT

BN A—2Dty "S5 HNO Y —LERFH
TEL X5z, U —LERZHMRET 2 &S 2flHE
DHEEIC R 5, SINTAR T — AT 1 ¥ 7 RERDKE
WFEE 7 LV — L7 —2 T3 LightGBM [3] Z ., B
FOMEIET — X2 AWTET VO ZRA AT, T
TV UTHHALZT—RIEARE 6 HD 'Lt ¥ —L4
PAGHIZEE U7z 2 HEO#E T — X TH 5,

FigE & U TRV 22 80%, B (time), BZ2E (vac).
EW I T —a34 VER (coill), FiI 77— 31 IVER
(coil2), ¥R — N HARE (gas2). VY F 7 LHIEALE
(rod_pos). ¥ 27 T HI1 (FwdPower), ¥ 27 HiEX
& (RefPower). 71 >V x LEJE (einzel vol) D 9 /¥
TA—RTHDB, E—Liitighid 77575y 7%
BEELTWBHDT, HNERITEY - L ERONRDY &
UTA A VIFREBORBEETH S N L1 VEREZ W,

RRHT — & D S BHETED 90% % FI# & MEE I F] A
U, B¥D10% TTAMEITo 7, BEEAT A -4
Mo RbA VERE FPRIEZERE Fig. 2 ITRT, Z
DTF =R TR —LHHATIZE L A EEIE T A — &)
BHINZP o727, BIRICHERT —XBAREL
THH, —HMTTFHHEEIELR>TWVD,

F1gure3 IRUERHBEDEREE 2 AL &, RHEH
EENLENTH L, ZNRIZE A CRAIC X 5 EHZE
EDEADAP RV A VERERO TN 2R %
LTWwWd, BUEns, ETVOFHEELZ EIF5I1C
FZHEIENT A —R % RKEL ?Eof%?)lx’%?ﬂlfﬁ??‘éf:

675 — Test data = 0 ) o o e
—— Predicted
6.50
< 625
E
= 6,00
g
5 575
8]
=
'm 550
a
5.25 .1rJ|"n'Jr
Ui 3 ndid
500 frtrabne U]j Ui (L pafelutrt
06-0315 060316 060317 06-0318 06-0319

Date [MM-dd hh]

Figure 2: Measured drain current (marked as Test data) and the
one predicted by the LightGBM model (marked as Predicted).
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Figure 3: Feature importance of the trained model.
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Figure 4: Plasma images; right after tuning and after 2 days
of beam production. (Left to right.)
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