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Development of a Bucket Type Ion Source for FNS
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A high current deuterium ion source for FNS (Fusion Neutron Source) has
been designed and developed to increase the neutron flux. The ion source is a bucket type
jon source. The source plasma is confined by a strong cusp magnetic field and magnetic
filter is located near an extractor to produce a high proton ratio ion beam. The extractor
consist of three electrodes. This extractor is same as the FNS extractor.

A hydrogen ion beam of 130mA was extraced with a low beam divergence of

10mrad and high proton ratio of 80% at extraction voltage of 50kV.
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198 1FEICRYWODOD -~ THHETORELK. BMASIFTERL M FULBER, KRRER,
FHRAEERR, BEEERZED D-T PHFERIGICERTIROEREZED D L L HITK
R I— RRUBET— 9 OKEFMOWEZITO> TS, /. FNS IHATRORELHEL
FHOPMTFHEEL THBAKRESERFO LERFHEHITEREDA) Z X BT S/-0DEEE
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MER->TW3S,
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2.1

2.1 14 2 HRER

B2- 1 IZFNSHEAZA A VROMERERT. 75 X< ERERITERE EEHN THZE 120mm.
B 100mm OAEKTH D, 75 X ERBOMEE - KRR U T 7 X BEBXZHFRITIIT <Y
A=A P EOXABAESEBEIN., TIXTERALADSIHIZ 10 BOH X TR %K
BRLTWS, 75 XAV BRIHRABORUET — 7 F 2 N RIEBOOKRBEEZEFE TSI LI
EOoT RETANIY R LT —F 2 N—FDTSAREEDLETLIED T ENH
*5, M2-2ICER 74 NI —ELOMOT—7FN—HNPLE E—LH) EOBRE
ENZERT. x=0 (KIKNEL) OEFHFTRARICEBINALBEIZE > THVBEBEERE
NAENTKKBREL. 7= F 2 oN—DLWHEATERBBRBBEREINTNEIEN SN S,
ZOBD T 5 X BEEE CORIBME Bl 134 1.4 Gauss *cm TH D, 77 XX BEIFFEH
OBAREZEEL TENWI A INY —BBEMICLEROBREESTEZR 2-312,. 25127 —
DFrN—REBOBARBEZLEEL T BN T AN —RBENIC L EROBREES LK
2-4 1R Y. 7T X EBEHE TORBME BHIFTTN 7 1 )L Y —RBENL TH 115 Gauss'cm
WD 4 VY —REIBELAL TH 334 gauss * cm TH D,

T—=0FzoN—DRRIZI2EZDOREE T 4 T AL NEAWRFAR—MIREEIN. V1)L
Vo= B E > T BESICAEME T 4 SA PEARFRTRTEDZLSITR->TNS,
T4 A FNEARTORICIIEROL12mm. £ 110mm DY T AT T4 5 A2 MR
DTS NTNG, KIREPIZIZETSIZ2 D006 mm A — bARITTH D, HARBRE, 13
CERNHAEORERE L THEAL 2.

22 5IEHLE
TIARERBTERINAZEIA L, SIEHLBRARMS8IZHINS, BERIT. 7
FSAVER BEEE - EHERO SKEBRICTERINTNS, TNEFNOERMITIISIEH
LAMLIDOFRITISN TS, TIAVERIBEZFANTERLRILIO12 mm. ALFOEEIZ
4.0mm TH3, ZOTFATBRIIEVSRO T I AV ERLFHOERFOLICZEIN TN
5. X075 AT BEREROEICRT — 2 F 2 ON—REBORE & XHG U LB ICKARE
NEBINT, hATHBEEFERL TS, CHCE> T/ I ATOALADIILDEAICIE -
TW3, 79 XAREBITIIRK 50 kV OBMAEHMEI NS, BEERICIE, sIFHInir4
SESITE—=LTA VNTHEREINDEFOFEF AP <7=DIZ. -5~-7kV OBAMAIME N
5. 77 AXBM-FEBEMESRT 8.9mm. HEEE - EMBEEE#I 4.5mm TH5,
NS5O 3IROBBRRUT I XY BRZHLICIBAKSHORN T IR fiiahTE 0. B
FIEGEEEARIRE L T2 > TS,
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3. aRattRaEt
3.1 TIXTHERICHET St
3.1.1 g1 A AERME
EWBIBE T T X ERIBICBIT 21 4 CREEM S XKD XD ITHIT S,

S.=8,+S;+K B8 S;
Z O S, 12T/ — RIAKHEM, SpidhY - REMETHD, SR IAVEROHEMETH 5.
KBTI XTERMT TERICT I AL THEE R EREOEAEERL, K 377X~
BRIEETO T I AT EEARICHETZMERKTHS. TITK=03 &35, ZOMHEIRET
FUBIIBIBHR T AN — KL TEREND T IATOEEARICELV.XTIXATE
BECHRENZTA VHATHRET DHHLENDH D,

7 /) — RIBEERHZ, D ATHOEE Lo 4407 —<—¢¥RLOBETELUTES, §
RHb,

SA=2 L. (M,v, /eB)

CIZTBIRT7—VFxoN—NEXREHTORRTH S, 14 NFx o N\N—NEEIZHRT S
Ev, R1A5HC, EELNOT,

v; = Cs=(kTe/M,)
L7323, ZZTB=11kG, L.=120cm, Te=5eV &95&
S, =49 cm?®
TH%, .
HY— FEEL EE12mmd. BEE 16 ecm DT A TALRE2AESIETEHE, BBX
a
SF =12 sz
7T A BREZN R E T

KBS =03x05x6x6x m =17cm?®
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Lo T21 A AAR%HE KL,
SL=78 sz
TIXIHUADDORL LD, 14 LR V,/S, &

Vp /S, =707 cm?®/ 78 cm? = 9.06cm

THd.
3.1.2 A ARk
BRSO ERL— M LBUTOXIIZEASNS
I,=en,ny<ov>V,+enn,<ov>v, e 3.1)
ZZT
I, A ERL— b
n, : BRETOEE
n, : ~KEBTFOEE
n, : W AEE

<ov> 1 REBFICLD1 A LD rate coefficient
<ov> : BRETFICLDAF LD rate coefficient

—HAF VBT IAR—AEZBELTA A ERED > THEARTHERELT. 1A DK
BRIIRADELDICHEAONS,

[,=12en,CsS, =1/2en, kTe/M;)"*S, == (3.2)
KiZ, —KETFEHRIL.
I.=(n,/t,)V,+en,ny,<ov>VvV, e 3.3)
. 11 KREFORFFRM
<Ov>, : 1 REBEFHHD rate coefficient

Ko 1 RETORRERM, IRATEAS5N 5,
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T,=4VIV A, e 3.4)
v, 1 KRETORE

A, 1 RETOEDEKEE ~ S,+K B S

\% : REBRBOKHK

(3.1) Riz (8.2) , (3.3) REKRALTEETSZE, 144K LV—FI, &

ng< 0 v>,

1/ T,+n5< 0 v>,

1

2Vpny< 0 v>,

1 f—
(kT./M;)"* S,

kx5,

- (3.4) RiZ, v,=4.9x10° cm/s (70eV), A, =66 cm®, V=1250 cm® 2 AAT 5L 1 KEFOD
R o, 1

7, =0.15x10° (5)
L%, £/, V, =707 cm?®, ny = 1.08 x10" cm™ (0.4Pa), T, =5 eV, S, = 78cm’,
<0 v>=3x10"cm?/s & @)FITARATHE, 131367 &35,

KiIZ, <0 v>;=3x10%cm?/s, <0 v>*=3x10%cm®/s %Z@5)IKATHE. 1A ERL
—MIUTFOLDITS,

I,=0451,
TSARBBAHE TOT I AVEEARLEEET 5 L. 150 mA/em® OKFIEA > E—L2F]
EMTADITIL 0.5 Alem? DOREFIA T EREEDY —ATSAINLETHELEEZI LGN

%, COBFEDLAF BRI,

I, =05 (Alem?) x S, =0.5x 78 =39 A
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ERBDT, LB/ 1 RETFERII.
1,=39/0.45=87A
THD,
F—WBERIZ. 1 REFEFHRENY — RICHATEAF BROMTHD., ULTORTERS
ns.
L.=L+L=I+ a(m,/M)?1, e 3.7
CITHREIIBRTRTHD, ZOBEBLF 295D, Ko TRERT—VREERID.
87 x (1+0.0677) =93 A
&85,
3.1.3 EEHAE
TERT =V NBEERT B2 AV —REBICHY —R—ANEREI N, RIIRT
FoTIaTREEBRELEFNERSIRN.
Ji> a (mE/MI )”'ZJe """ (3.8)
ZZT J, IAEBREE. J, IEFTEREETH D,

J BRI, W 3, =108, ,d, =118, EEREBNS, ThoORERG)EREG)ICRALTUTF
D& DI FHE A R EEDORENENN D,

S, @ (m,/M,)" 1
n,>» - @ e (3.9)
Spf t.,<0v> S <ov>,
(1-a(m,/M;)"?)

fSp<ov>,

IZTfidn OEBTHAEN. SEXATHBENWHRAETIE f=1325X3%LT 5.
LOEZDIACHEOBETHET S &
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n,>1.14x 10" cm™

En. BRERT—IHKEE{TIIZIE 042 Pa (3.16 mTorr) A LOH AENLETH B EEX
5ha,

314 7JoOb2 it
TOo kW GICETZAy—Y > AN EA O SCE[1]) K D

0.23V, /S,

(1+0.23 V, / Sp)

2T Vp BT FIXROEMTHD., SL IR A4 VEBKERTHS. O RHICHETS
FNSOKAE, V, =707, S, =78 ZRATH L. TO bk

G =0.68
LraEns,

3.2 /IEHMLM

BIEHUE B - 1BRMERZHAND, SIFHLARIEO12mm THEH LRI
1.13cm? &755, BIZHMLUEBER 50kV £ T35, INSOFHEEIC2ATE-LTIalb—
33> 0— K(BeamOrbit) THE L/ E—LAMEE LTI v ¥ AKNOHZR 3-1. 3-2 ITRT.
ZOETIE. E—AEBF 114mA. FE#AI1340 10mrad £E25 TS, ZOFRETIEAM 4 iRE
E2POLRELTVNSA, ERICIIKEES AL OBREEIMZDEN (~5eV) 12, E—LD
FEMAMAIT 10 mrad L EIZRB EEZ BN S,
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4. KRR

RBRITIRETHIZEAT OB F AN RBREBITS2MICTAEEZHANWTHB RS BEEHN 1.Tm O
BHEREEFNIEGEINEIHN 5. TMOE— LT %, EKFEE 2200V/min DY —R5 T
R 7% 3 BMNTAZHAL Tnb, £k, PEGEE 10000Vmin DV 51 AR THRES
NTHDRBEICELDFERL =,

A4 FIIAEEBROE—LT4 VICEMTAUBICRBESIN. BEERELD 75 X ER
HBHRUAENACRB U, E— LT VTN LIEKFER D RPEHLEENTED, 20
RORDEE—LTA VAKEHZAEHRT I EWLE>T. T IXVERBEOHAREZERAD I &
BE—LTA VOHAEETLIHLENHKD,

BlEaNsA 4 OB EERHEMAT. EHEREH,S 1471 mm KRESI N 2KTVILF
FroFNAOY—A—F—THRHICHEI NS . EELIOAOY —A—F —ICRE1 4
E—AZRHETHENON) —A—F—NERTIOT, EREEROE—LAERERNIDOY —X
—&—THERTIC, MEBROBEHRMEEL TS,

TORHIERYTF5—2 7 bLEKERFO/NIVI—TIV7 7 X&FIA L0t 012)
&> THIEL 7=,

5. ERERLER
5.1 75 XHERK
51107 45A NEFEEZELEIBREEDT -V BHR—BEREEZRT, OO 3>
BANHAEIL 1.3Pa TH 3. T—7/NT—63kW ETEERBRENMF I NTND I LR
AN, T4 TAL NBEDENWEZIZIZ. FOT—IRHENST— IV RENEA S E—F R
THD. 74 TARBEMNTSVORIZES S E—F L ARBERZ>TVRLH I LA DM D,
M5-2,3IC1FE—LEil (214 2EBR OF—INT—hEERT. B5-21T—IF
IION—RICREZ 74 N — DT TOWRVEORETHD . K 5-31 370 A EDEDHIC
BRTA N —BAII LI ZORRTH D, BRI 4 NI —BMNOK, T—INXT—3kW T
A4 BHIZH 130 mA ESN, BEAEE-LCHRETS L. HREHLOAZEELIZBE
T 92 mA &£785,
AFBRIET— I NNT—ICHHBILTHAL., TOT— 7RI, BKT7 45 —EL Ok

T 67 mAKW. BR 74 NI —(1ET 47T mAKW TH>, R T A NI —(FEDHENT — U %)
RIMES B> TWBEHEL T BETANI—IZE2TT— I F 2 oN—ANDTIXIOEE
HRBRELRD, TIXVEREETOMF L BRBBILLTNEIHTHDEEALND,
BB AFEL, 043 Pa ThHd, L3 EAAFERICHTIRATTFHLIME 042 Pa
EELK—HLTWS,
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5.2 E—ALGIEHL
5.2.1 E— LK%

AA R FRICRELEIVFF v+ 2N O) —A—F—TRELIA A E—LDRH
Y — LABFREOMZEER 5-4 IR T . ZHERDRICE DM E—LORKEZNHT S/
DIT, EEFBICHBEAEHZAEZBEALE—LARY 7 MEMOHAEZ 0.05 PailfR> T3,
BIZAWT, BARIZEEAMO, AIUIKELHRORBATH S, MEEHZRLIETHR/ND
REAIZIZIZFRCH 10 mrad THH 7z,

BNORBAEEAIREEFEEZSIZHLEE (E—LATXINF—) OBKELTRLED
DN X 5-5 Thd. sIEHLBEEDLK 1.6 FIZHH L TREEREIEMT 5, 3/2 FUMSD
L. BREISEKTHE 7O EAEMNL., SEEENBLTEDTHD,

B5-51CHBFB2DDERDED. BETA NI —DHEZLBXTHS. BRTIA NI —%
Fi3aE 7O HSEMT B DI EMERNNS <AV BB —LBEREIEMT 5729
THh5.

5.2.2 ZEEIERZIR

FlEHEINAA L E—LAIHFOBRHICL > TRELRERT S, M5-6 ICHEZAR (E—A
BEER) OKEHRAEELE-LARBAOKHGBERT. E—LABREBETT 4 E—LAKEHN
AEFBETDHIERXE>TE—LT T XINERSINEMBEFNRIIMHEI NS, 0.05 Pa BE
MEENWHRAET, E—LOREBAIIHAL TWD, —HHAERBGL RN TER L HAHDT
EOHRIZLDHMEALTE-LRBAIIMKT S, 0.1 Pa ULOHAEFEETOE—LRBAD
WAL, COBILICEEbBOEZEZI SN,

52370kl

KEAFE—LPITIR. KEETF4>2 HY BSC. HyYs Hy OKESFA 4> HO
REDARHMMA A MEEND, COE—LOA A MR E. Ry T 5—2 T MLIEKERTF
DNV =TI\ 7 7 KEFHL =53 XaH8[2]) TRIEL /=,

AF 2 EM S EHINIAKEA A I EEFBRNOKEAREL > THEE Pl hic
BICRREINEHXT S, COEERTIHOKEMNINNI—TINT7 Ha)XTH, EEv
EHolAMACHRETARYy TS5 7 M AEAEONSRDEE . BRSNS HOER AL,

A=7 - (1-BcosB) A, e (5.1
B=vlc, r=(1-8)1/2

THHED, TITceldXd AJIHEODE—LARTLINOKEETH S, H6-7I2T74)%
—EBE DT, S5IZHILB T 40kVO Ry 53— T R AR MVO—F%ERT, COBOEZ
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RO H ZAE Pvac 12 0.05 Pa, 13BN E—LBRSE TICHEET HKEHNIAREEIZ
0.2x10' 8 / cm? TH D, EHAL O XEE—LEDRTHAEOIL 110" 72D T, HFERFODNK
REHEEMIZS 78T 3, [ 5-7 TEROKERE—VI Ry TIFI—2T LTIV Hak
T. E—=L7 AP OKERTNE—LIZL> THEL TRTDIATH S, TOREERM (B
) ICRABA4EXDOE—VIE, 1A EMSHIEHEINA A ORTEIAT, EHEM» SNE
. FHH,072E). Hy's HyYs HY KHIET 2, INs54D0Y—7 OEffkkERD. T
NS EENTNOA A > OMEE, FHAKERE KEHARBEEOREK . KEFEFORE - 3
KEHEEEERL K2 THETSE, E—L0 4  ARRAROENS, K57 DHE.
Jobkl kFAA H, H, H i35 H OFS) 1388.2%. FHiME (TTD
AF M TERMYOEE) 1320%ERD. T—IVF ON—RAIKBR T4 NI —2RET
BIEIE-TTOMHEMEIEDZIENMHKRZ. BRI T AN —ERETDHLEBLEK
T —IBRMET T 5. FOBIRERBRE —LABHRERD-DICKZRT—INRT—2HA
THELRENRHD, ThICk> TAERTORENED OO ELEZSND, IS5ITTIXVERE
ETAEXTFIE> H, HY ) BMEREINZE. INSOFFAAZTONICHRETS
bR E—LELTHEHEINTLEIOT. TOHKRE—LHPOTO M RHIZTFA->TLE
H. LOLAENOBE 74N —2RBITDHIECLL T, 7TIXVERBEHEIEEBETFOHIC
RBEDT, KEDPFAA L OERZHIZADZENTE, FRLLTob MAETS, K
5-8 127 — U Fx ON—NORBHE LKFA 4 BHEEOBZRERT. RRBEEOHEMIZRE->
T, 70 EBEML TSI ENN D,

5.2.4 A E

TAITARBREDA A R E—LTI DAL TF o ADBIIA A RERTHEBRL =
®BIZIE, E—LAPICRAKBOBTEFMY (&L TAKFOASTERT S H,0,H,0,0H,0)
MEEFND.BICA TV BEEZASBHITIETITRAA VHEXREICREL AW EREIES
i, EREOHRSMNVEELR D, T IVRERUVE—LGIZHLZITD &> T, KEK
BORTERARBANyZ ) 2 JIE>T, FHMYOBEREEZE T LMK S, M 5-
YA F VIR VPE—LTA 24 12 EAASBERL RIS A U REEGELL L E20E
— LG EN ST BOKHE(LEZRT,

EIZPAAE I 10% U EOFRFMNE—LIZEEN TV D, TOHRIBIE LTS, L
MUEHMS 1%BE TRV EESHI23. 2 AU L OHEGEBENLETH o/,
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5.3 7 4 7 A > b FFi¥l

BREFREMELTI2mmODI ST AT 747 A MERNWT, 15 B OE S E G #E
% (540keV,>100mA) %707, 74 FAL FOBEBRZREL .
HEOHDIZ

2599g — 2.573g (B RI20.026¢ -+ 1%)

THo7z.

TZT. 74T AVMIEEI% (ERTS81%) XTHARMETHD. BAMICHENESD
LizweEEeEdThid., FRxhsEmid

19 x 15 hours = 285 hours

&%,

—iffdH 0 OBEREE 40KHIETDE, T4 FAL MRBOBEER 7THELRS,
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6.X&LD
4@, FNS AR A > BEERHEEL. RBEITo-. FOKE. 14 B - 7Ok
CH TR ET, BRI EREBETIMEEBDIENUIR, RUICRIHEEERT
BoNFHKEEELD S,

k1 EBHEROFI LD

#atiE (DY) | &EHE (HY) | EBER (HD)
E—LIXIF— 50 keV - 50 keV
Y — LAEFi(Total) >67 mA >95 mA 130 mA
Y— AEFi(Proton) |>42 mA >60 mA 101 mA
A4 D* H* H*
E—LEBA <17 mrad « 13 mrad
JobhrH >65% ~ 80 %
AV - DC — DC
77— N7 — 5 kW < 3 kW

ERERNS, EAZEGHOY - LBRZ2EERLNS FHET 2 L. 2E—LABRIZK 92mA
EAEA A E—LBHIZH TImA 720, #EHEEZTHHET 5.

41, FNS E—LS1 oARDHT, BEXETOBELELZITOLENDH B, EORE—LD
REPEEEL TRS. CHEFHROEREENSIND LD, E—LBERBEONAE
MENEKRERE—LIIRETS. FNS OE—L T AIZERO T SBRICI, "IEERR DR
MBRICA AV REL DTN, AEHDOIREENLETHS.

HEE
FERICBNT, BEORBE - RFLRECBIVWEEWEEFHAI O OZT7U 2T (K) OM
MELERICEEBMLET, £/, EEFLEACBEEEN NBI MBAHABOART X
IR LET,

2E Tk
[1] Y.Okumura et al., ; Rev.Sci.Instrum. 55,1(1984)
[2] BASFERN, /NEAER. SSHIENE ; JAERI-M 9653 (1981)
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