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Four kinds of negative ion sources ( direct extraction
- Duoplasmatron ion source, radial extraction Penning ion source,
lithium charge exchange ion source and Middleton-type sputter
ion socurce } haﬁe been installed in the JAERI tandem accelera-
tor. The ion sources can generate many negative ions ranging
from Hydrogen to Uranium with the exception of Ne, Ar, Kr, Xe
and Rn. Discussions presented in this report include mechanisms
of negative ion formation, electron affinity and stability of
negative ions, performance of the ion sources and materials
used for negative ion production. Finally, the author will
discuss difficult problems to be overcome in order to get any

negative ion sufficiently.

Keywords : Tandem Accelerator, Electron Affinity, Negative Ion
Current, Emittance, Brightness, Life Time, Direct Extraction
Duoplasmatron Ion Source, Penning lon Source, Lithium Charge

Exchange Ion Source, Sputter Ion Source.
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HBe6E AL ERBRE

A%k B4

" 259 1e=2 <4 B

&9 508 | TR R <oy BAT R
I H 0.75[H750-100( D ),20( H }, | H715-20
H 20-50( C )
1 D « {D750-100( D ),10(H ), } D 15-20
D720-50(C )
1 T w [T 2-5(D) T 1-2
2 He 0.03]3,4He 2-10(C )
3 Li #.62Li"1(H ),Li"1-8(C ) | Li"1-2.8,Li0-0.14
4 Be 0.24|BeH 0.3(-H) BeH 0.5
5 B 0.3 B:0;3-0.6,BH4’4-10( D) 5o 12,872.3,B2-2.2
B 0.2( I )
6 € 1.2C70.6-2(D),0 1.2(H | € 25-50,
: 1.C 3-4( C ] _ €2-30,
7 N -0.12INH2 10( D ),CN 30(H )Y} NH2 1,NH 0.7,
8 0 1.47{0 20-50¢( D)J),0°10(H}J 0 50
0710-15( ¢ )
9 F 3.44{F 1-2(D ),F-100(H ), | F-40-50
11 Na 0.7 |Na-0.5(H )
12 Mg 0.32|MgH-0.3(H ) MgH3-1.65,MgH-0.5
MgO-1.05
13 Al 0.52 A10-4,A1-0.2
14 Si 1.39 $1-27,5i2-9
15 P 0.78}PH2-2( H ) P-0.6
16 S 2.08|Ss-1-2(D ),S-50(H ), |s-25
S-1-2( ¢}
17 Cl1 3.62 c;-soi100( D),C1-50 C1-25
(H)
19 K 0.6 |[K-0.2(H)
20 Ca -1.88{(Ca-0.2{H )) =« CaH3-0.6,Ca0-0.34
_ CaH-0.6
21  Sc -0.14 Sc0-0.35,5¢-0.016,
ScH-0.3,5c02-0.024
22 Ti 0.3 Ti0-0.8,TiH-0.6,Ti-0.005
TiN-0.11
23V 0.7 v-0.11,VH-0.2,VN-0.2,
VO-0.85
23 Cr 0.85 Cr-0.11,CrH2-0.45,

Cr0-0.53,Cr02-0.47

* CaH %z b1 3,
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MnH-0.027,Mn0-0.15

25 Mn -1.07

26 Fe 0.5 {Fe-2-3( ) Fe-0.15,FeH-0.65,Fe0- .
1.05

27 Co 1.0 Co-0.90,CoH-0.025,Co0~
0.5

28 Ni 1.4 Ni-6.6,NiH-0.01,NiO-~

: 0.25

29 Cu {8 Cu-3.5-7.0 g

30 Zn 0.09 ZnH-0.002,Zn0-1.75

31 Ga 04

32 Ge 1.44 Ge-1.1,Ge2-0.5

33 As 1.07 As-1.0

34  Se 2.12 Se-7.0

35 Br 3.55|Br-50( D ),Br-40(H ) | Br-5.0

37 Rb 0.2

38 Sr -1.35

39 Y <0 Y-0.029,YH2-0.3,YH4-
0.17,Y0-0.28

40 ZIr 0.7 Zr-0.001,ZrH-0.04,Z1r0-
0.27

41 Nb 1.23 Nb-0.1,NbH2-0, 3,NbN-
0.53,Nb0-0.85,Nb02-0.55

42 Mo 1.15 Mo-0.001,MoH2-0.005,Mo0
-0,045,M002-0.07,M003-0. 14

43 Tc 1.0

44 Ru 1.45

45 Rh 1.6 Rh-0.43,RhH-0.12,RhO-
0.78,Rh02-1.05

46 Pd 1.1 Pd-0.001,PdH-0.03,
Pd0-0.15,Pd02-0.07

47 Ag 2.0 Ag-0.45,Ag0-0.2

48 Cd -0.7 Ccd0-0.18

49 In 0.4 In-0.05,In0-7.0

50 Sn 1.03 $n-0.05,5n2-0.15,5n0-

0.02,5n02-0.12
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‘51 Sb 0.9 Sb-0.32,Sb2-1,5b0-0.39,
Sh02-1.10

52 Te 2.1 [Te-150-200( C)) Te-1.8

53 I 3.3311-50(D),I-50(H ), {I-26

55 Cs 0.25 Cs-0.01,CsC4-0.15,

' CsC6-0.12

56 Ba -0.49

57 La 0.55 La-0.008,LaH2-0.06,LaH4-
0.075,La0-0,25,La02-0.57

58 Ce uk Ce-0.002,CeH2-0,10,CeH4-
0.10,Ce03-0.57

72 Hf -0.63

73 Ta 0.5 Ta-0.001,TaH2-0.015,TaN-2.0,
Ta0-0.7,Ta02-6.0,Ta03-0.7

74 W 0.5 W-0.01,WN-0.37,W0-0.0865,
W02-0.52,W03-0.80

75 Re 0.2 Re-0.01,ReH-0.015,Re0-
|0.85,Re02-1.26,Re03-0.76

76 0Os 1.4

77 Ir 1.97

78 Pt 2.56 Pt-3.3

79 Au 2.0 jAu-0.4(H ) Au-12

BO Hg -0.45

81 T1 0.5

82 Pb 1.2 Pb-0.11,Pb0-0.15,Pb02-0.2

83 Bi 0.68

84 Po 1.5

85 At

87 Fr

88 Ra

89 Ac

90 Th

91 Pa

92 U+ UF2-2( H ) 11-0.001,UH2-0.003,UH4-~

‘ 0.003,UN-0.42,00-0.16
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44 v | O, % 1 —2d N
O, 4vrATVERT 4772V MERE 8 Bl
; ClT Bitm7 « 74 v MR 8 kg ]
. HPIGH Sk 1 — 38R
1% VR 4k 2% 78 S 55 ) B 60
LCEZX WA 7 Vi DH OEERE DEDP&A & Vg & lakk
A4 ViR ) bAE R 5—TH
Ry 4R v baf Yy OB DEERE 500 — 1000 B5RY |
4% ViR 5g — 10gr Cs FiEkKE
Zsty s 2= 14d) 20 - 100 &l
HIOE fF  #( 1979 HfERE )
12 VIRER FEEB (FA) T Hm M (M)
DEDP#& 5, 000 gy AT VEBT 452 1R 66
4% Vi — 7. 000 bSO LB VT RFY T 4747 1R 300
Bitm7 + 54~ 1% 10,000
T/ FF RS 1 ¥ 1,000
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