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Abstract

We push forward the development that aimed at increase in intensity of a proton beam in the RCNP cyclotron facility.
We started development of a 2.45GHz permanent magnet ECR ion source to generate a high intensity proton beam. The
2.45GHz ECR ion source SILHI using supercnducting solenoid coils was first developed at CEA/Saclay to produce a
high intensity proton beam. They also developed a compact 2.45Ghz ECR ion source with a permanent magnet, but the
proton intensity is limited to 70% of the first ion source.

We have designed the 2.45GHz permanent magnet ECR ion source by a magnetic field calculation OPERA-
3D/TOSCA to achive higher performance than SILHI.

In order to generate a magnetic field (875Gauss) satisfying an ECR condition,we arranged three rings-shaped
permanent magnets to form amagnetic field distribution like the solenoid lens magnetic field of SILHI. We optimized a
radial width and the thickness in the axial direction of the magnets, a position and thickness of the iron plate for
correcting magnetic field distribution, a position and thickness of the iron for preventing electric discharge of the
extraction electrode.

I report the results of magnetic field calculations and the design of the ion source.

2. 45GHZ 7K ARG A TR R 58 EEECRA 4 L JRBAFE D 7= 8 DRGSR E

1 - [i l:&)': Csus

Css

ARCNPY A 7 1 | i S i Tl F £ — 20 e
FER A HIE L2 EDTWD, TO—BL

LT, REEOBFE—LEZAERT DD |
2.45GHZ K AR A7 R KR FEEECRA A IR OB S8 1245
FlL, ZOFmLTIE, KAMAZ H\\722.45GHz
KEEFERS FECRA A U IRBIF D72 b ORGA G & |

IS OFEEENT D, [ p—

I3
Rt

2 . CEA/Sacray®?2.45GHz 7k A W& & K&
EECRA A ViRIZDULNT DIREE

ECR%ZL‘/‘ZEL;WE;E—EP CRHHUIAD BT A AR
BV A7 v bu 2 (ECR) $f%Hm7z
#ﬂﬁ@@ B AR THZLiLH-»TC, 7T9X
~HOEFENMEL, ZORRIFE 1 OENEZ
ODTCEBEDODT T A EELIEDIAL VIR THD,
MBI B OREBAXE YA 7o bo o dhng

HRIFL D&O)i; CRE D 875Gauss DI N BT 72 B,

fo5 VLA RaAg L% AWZECRA A e LTIk
2zm o  SILHIZBE%E ST, SILHIEewE — K T156m
SO TCOMITEFEE, el ZHALEM, BIIMIITAOK Ay pr— nmma o, Wromikl LTS

WEETHD, 5WIIf =2.45GHz2 3+ 57~ 7 b %X - 72 2.45GHz K AR AT B R iR EE |5 F-ECR

|
H

F
] A I

X1, 2.45GHz7k AR RIREECRA A IR O

! E-mail: kawamata@rcnp.osaka-u.ac.jp

-424-



Proceedings of the 5th Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

A A PR CEASaclay TRHFE T2 b T\ b, £
DFERITWE — FTLUOMATH 5, PR AR AR
ECRA AV IRDO G NEIE M I N B — LA DMET
TONFREEIC L EE o TWD, ZOE—LEEKTD
BERO—2& L THGAMDBEBNDEZ LD,
SILHITIEY LV /A RaA v EFEHLTWVWL DT,
WG A OFHENARETH D, T DIZHECRY —
DOILE DO REILEITIR>TEBY ., TOER, B —24
SR L2 AT DECRY — NIIKIFT 5 2 E o
77, FLT2DODECRY — V7T TR~ F = X —
DOWERIIALE L7z & I —ARENER IS,
X o TKABER % WTZECRA A EOBPETH.
VLA RaA Lz HW=SHIL & R DB A0
EEOHTZEICED, BE—LAMEOHKREXD Z
EMTEDHEEZLND,

F7-. ECRY —» OO RELIZHOWT, KA
WA IECRA A4 VRO A XTI E I~ A 7 v
BRI 5720, TOREKEAEICTSZ L
WXV IREET 22 ENAEETHDL EEXBND,

F 72, CEA/Saclay TiZ 5| HHHEE T ORLSH30.2TH:
L @m0z, ERME CHRENE Z Y B
DOESGE T DR Lo 72, % Z TCEA/Saclay
WL R B 2 B E 5 2 &I &L 0 5 R
OGO RE S &2 FIT5Z L CTREEBR LT,

3. WA

DLEZBSEZ T, SILHIO E— A0 42 BiE L L
T2.45GHZ 7K At A B KR EEECRA A L JRRE A 5% 5
EITHZ L LTz, BRHZITOICEL TOHEHLL
ToLBYTHD,

(i) T RA<xENRT LD, EFH A7 b
VB ST & 5 875Gauss & 8 X D Wi 4y A A B
Wl i Ai 2 Tk 5.

(i) RERE—L2MELZEDLD, EEOH D
SILHID Y V /A R 2 A )V & [RRk DRS04 %
FERT 5,

(iii) FEMRR]OMEZ IR T 2720, 51 HEEBIC gk
MEEA L HEE OGO RK&E S 2/hs <35,

F7-. LTFofliEmzsb0E45,

(1) 7KAWA O REBEME T O BAERGYSS O RHEE S
D= A OFRLEIC L W BSA 2B S LE
PERHTL B2 EE2EZT, Vv FRIKARA LS
BEL_DEDET D,

(2) SILHIO B —AEX BE LT b, 7
FAF 2 NN—ISILHITHERA SN /=7 T X~
F 2 N—=LIFIEERI YA X LT 5,

(1) 1%, Vo ZRURARBEA OFME, NEE, dil)
MORES, BRICKELIEKFTDLEZEZLLND,
(i) 1Z. 3MED VU > FRIKAREAT O KR % B E
KABEA NIRRT DR DESRICKRE KFT D
EEZbND, (i) &, SIHEROEM DJE X
KA A & BBOBIZFHA SN DO E ST KX

SHEKBFETHEEZLND, TNENORME LM%
ikt % B3 12 %) L TOPERA-3D/ITOSCAZ W T
WGt R 217720, Bia et 2177 -o 72,

B, VU TIRKAEAOMEE LTIZE AR
A S DONMX-48BH (20 T DR H{K1.39T) .
At & L CTIESS400%& 4 %,

3.1 875Gauss % 8 . 5 i3 A DIE AL

9 (i) 2825, BHOAMOHEMEITY v 7
RUK IR DAME, N, i mOE S, BIRICEK
4%, WERIETSmm, FRIZY 7k e L, a2
DRESHBERE LTSI EEIT o7,

1600 100mm
T10mm

1200 120mm

@ - o =

N S - 8756

= 800 SILHI

=

g0 \

[

o / \

B A/ —

m

=

=

-200
=10 -5 0 5 10 15 20 25 30
Z lom

X2, BT DIME & W53 A D BIFR

Wets DR DI SO TRESEFHE #1777 9 B,
CEA/Saclay & [FlEk D 5| i E IS D Bk A 3 A L, 31
DK IAEFR DJE Z1350mm & AE L CTRES B 21T
ole, TOMENK2TH D, HMEEZ110mmE L
HEN (1) OF#EMTZL22, & HSILHIO
W AT, D T2 D KA D/ IZ110mm
ERA LR, L. 88075 HEEE T o5
DARMINEL 2 | RO KRE S 25T 5 LEN
b5,

F 2Tl b o IS TV K AR A Ol 5 [ o0 JE
SR LTHEMSEHE TR T-, TOMKEE
K3IZ/Rd, SIHEKOBEOKE S &ML, 2
2, XV 875GaussiZ TV oA & LT, SILHID f
DA LD HETIRL, 2 03875GaussiZ TV &V H
BT, & TROBAOE S I1Z60mmAa£H L,

PLEX Y fild5moE S 1335mm, fili 5 mofE S

1600

S50mm
G0mm
F0mm
- - 875G

jz__ /, 'Q§;- St
/ N
/ N

1200

i

Maegnetic Field (Gauss)

-400
\=’/

-8an

=10 -5 0 5 10 15 20 25 a0
Z fem)

X3, & TIROBA DIES & B340 OBk



Proceedings of the 5th Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

I£50mm2-> & 60mml>& L7z,

3.2 7 [ DR 53 A7 O Bk

wiz (i) & x5, BEomis@oy 7l
KA OFERBIBELE K ARG A I HR AT 5 #k 4K
DEFIRKELAKTFTDHEEZOND, KABAM
OMME, KAEARIZIEAT D8RO E S 255 &
LBt R 21T o7,

1200

==}
=
=

g"U 400 // \
i 0 // 20mm, 15mm \\
E 28mm, 20mm
ému = E7EG
-800
-10 -5 i ] 10 15 20 25 a0
Z {emi
X4, KABEA ORI & k35574 0 AR

(LBl 2 & P o kR A 7~ 7)
KA DOREIRIZOWTORKRIZIKID L H I
Tp o7, WO K& I H875GaussLLl D EL Iy DRES
AR TH D Z LD, KA R O R
FEiE20mm - 15mmAZEH L7=, 25mm - 20mmiZ-o\>

TS S AN FEHTIEH IR EZEm L T
m%w$_L¢%é R BB C OB OBME DR
Tl SI2 X0 2{R73875Gauss L 0 /N & < 7 B ATREM:
HLEATEY, SREIEEH Lo T2,

KABEANZAEAT DHADIE SOV T ORE R
5D X 9| &otoﬁm%ﬁﬂbﬁw%éﬁ%
H SILHI D BESSA3ATIZ IT W T2 K ARG B A
THERMIT L & L,

3.3 5| I D REES O Ha ek fiE D AT

%S (i) 2525, 5B OB A0
S BB O R DJE S | TRAMEAT & BBAR D EIZ A

SNOBFEORSICRESIKFT L EEZDN D,

1200
......... ;/'.’-.'----_--,'1-_--_--_--
.. 2on / \
g"’ 400 —— / \\
E 0 Omm
A
= - - a7EG
R SILHI
-800
-0 -5 0 5 10 15 20 25 a0
Z lom)
X5, KAMARIZIHRAT DEMMDOEAR &

Wb oA ORISR OLBNIIE A 2 7R~ )

-426-

BHMOES, FEOREIEEKE L, BEHE AT
- % ..... _§:7 - .\\ ...............

E

A\
S

23

&

400

o

Magnetic Field {Gauss)

Magretic Field (Galss?

&
38

-400

a0

-800

15 17 19

2
2 (e Z em)

6, 5 HFEIEIZ SV T ORI A
(£ : SIS OBM DIE S IO T,
F o BROK EIZoNT0)

%

ol

SIS OERM OJE S KARBA & BROMIZHF
ASNHEHEDOES &:Ob\“COthST% T X5z
Rolz, BIHBEROBMOE S ICHOWTIE, B
Bl SN 519721 DOFEIZ BV T20mmDEE 2
W OREIPRHIES, BMOEZIZHONTIX
20mmAN i & B 2 HvD, KARA & EMRO RIS
FASNBEROESIZOoNTIE, IFIFLRRS
Nnipmoiz, % Z TCEA/SaclayD 7k ARG T A 7
RN MM E L7,

UEXY, Mo JE X 1Z20mm, ko 1%
75mmé L7z,
4. FLEHESHEDEE

RCNPCIZ KME DL+ E— 2 &AL T 5728
2.45GHZ K AR R R BB EEECRA A VIR DB IZHE
FL, A AV IMARG 21T eo T2, £
DFER T E TIOR LIEBARE - BlE DN R
& L7,

At BIHEEREE. M. BESIES 2 R CTHEN
@E—Aimﬁ%%ahﬁ

& XXk

[1] J.-M. Lagniel, et al, "Status and new developments of the
high intensity electron cyclotron resonance source light ion
continuous wave, and pulsed mode (invited)”, Review of
Scientific Instruments 71, 2000

[2] R.Gobin, et al, “Development of a permanent magnet light
ion source at CEA/Saclay”, Review of Scientific
Instruments 77, 2006



