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J-PARC

J-PARC 1

400 MeV

600 MeV

3GeV 333 pA (1 MW)
50 GeV 15 pA (0.75 MW)

400 MeV 3 GeV
3GeV-PS 1 MW
uSR
3GeV-PS
3GeV-RCS 50 GeV 50GeV-PS
3 GeV 50GeV-PS
K
K

CP

SNS

600 MeV

50 GeV



J-PARC 2 50 keV
Radio
Frequency Quadrupole Linac RFQ 3 MeV RFQ
RFQ
Drift Tube Linac DTL 50 MeV 32

Separated Drift Tube Linac SDTL 190 MeV
324 MHz SDTL
Annular Ring Coupled Structure Linac
ACS 400 MeV 3GeV-PS ACS
972 MHz ACS 972 MHz
Super Conducting Cavity Linac SCC
ADS 600 MeV

3GeV-PS 1 MW 50 mA
0.5 msec 3GeV-PS 25 Hz
3GeV-PS ADS 25 Hz
50 Hz 3GeV-PS
0.5 msec ON/OFF
733 nsec ON
396 nsec
J-PARC
H
H H
H



H H H
H
H
Liouville's
H
J-PARC H
J-PARC
60 mA
25 % 0.5 msecx 50 Hz
J-PARC 500
500 J-PARC SNS
1 J-PARC SNS
Project SNS (US) J-PARC (Japan)
Peak beam Current [mA] 35 60
Beam Energy [keV] 65 50
Pulse length [msec] 1.0 0.5
Repetition rate [Hz] 60 50
Duty Factor [%] 6.0 2.5
RMS emittance [tmm mrad] 0.15 0.20
Operation cycle [hour] 700 500




[2]  SNS

J-PARC 3
X Y 90 %
3 J-PARC SNS
J-PARC
4 (3]
(2] Ex B
0.5 mm
3
BNL 0.5 %



6 [2]

1 cm
7 (2]
100 V
4
8 [3]



Neutral Beam Injection : NBI

or

RFQ
RFQ
RFQ
RFQ

J-PARC
J-PARC

J-PARC
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Multicusp magnets
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HIGH TEMPERATURE CHAMBER
FILTER CHAMBER

e
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2.1

1977
30 %

Bacal

Polar dissociation

H, + e>40eV) »>H, (v) + e

H,", Hy" + ewal) »>H, (v) , H

v (2-1)
2)
H,”(v) + e(=leV) ->H~ + H
[6] v=0
2.8x 10% cm®
v=9
leV

13

Bacal

(2-1)
(2-2)

(2-

(2-3)

Wadehra
3.75 eV

4.3x 107 cm?
0.14 eV



[71(8]

Process Reaction O max EGmax ref
[sz] [eV]

Dissociative . 16

H, v) + e=1eV) - H™ + H | 43x 10 0.14 [6]
attachment

Dissociative HyY + e >H™ + H' 107 3 [7]
recombination | ¢+ L o HH- 4+ H,' 1.6x 107 | 7.5 [8]
Polar dissociation H, + e >H  + H™ + e 1.7 102 38 [7]
Radiative capture | H + e > H ™ + hv 2.6x 107 0.7 [7]

12.1 eV
(a)

Leung

14

[9]
13.6 eV

Dissociative attachment

Leung

Dissociative recombination



0.75 eV

4
4
Process Reaction o ex EGimax ref
[em™] [eV]
H™ + e —H + 2 43% 107 15 [7]
Collisional —
H™ H 1.6x 107
detachment + —>2H + e 6x 10 500 [7]
H™ + H, >H + H, + e 10" 10* [7]
Charge transfer | H- + H* —2H 2.5% 107 | 0.15 (c.m.) | [7]
4 3
Charge transfer
Collisional detachment
eV
eV
[10]
= v GV pa + OV cr (2_4)

15



oV

DA

f

f

oV

oV

oV

CT

Ex T v

EX

oV  pal

16

(2-5)
ov ex (2-1)
(2-4) (2-5)
oV cr (2-6)



(&) [H1W. 343

[11%, 34) W
H' Hz Hy H
EIEY 3A] | 1] (D) (16 24]
L xe l'h}
Wt
"
) (4% 38
Hg
Hs LB
a0y 34l (c)
9 [9]
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2.2.

10

11

PG

(2-1)

PG

18

(2-3)

NBI

PG



_ AN

N

..................
/ ........ s

H,+ e (>40eV) - H*(v) + e

2.
H*(V) + e(<leV) - H + H

10

19



—@ [~

%@ff.

B

(1)

(2)

3) PG

11

20



2.3.

g(fast) + Cs —>edow) +Cs (2-7)
Hy" + Cs ->H, (v) + H +Cs (2-8)
H* + Cs >H +Cs* (2-9)
H + Cs >H~ +Cs* (2-10)
H + emetal) »>H"” (2-11)
H* + 2e(metal) —>H"~ (2-12)
Hy" + emetal) ->H, (v) + H (2-13)
KEK NBI [12][13]
NBI

21



Hegative ion current [ma]

12

g00

300

400

300

200

100

2-7

2-10

Plasma grid temperature [deg]

NBI

22
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3.1

SNS

13

50

NBI
10 kW
MHz 10 MHz
[14]
LBNL
SNS
[15] Porcelain
2 MHz
180

14

23

KEK

SNS
R&D

[15]

180



[16] 50 mA 0.3
amm.mrad (RMS) [17]
6 % 107 200 300
[17]
2.45 GHz ECR

[18][19][20] ECR

ECR J-PARC

J-PARC KEK

LBNL

NBI

J-PARC

24



Electrode

13 SNS R&D [15]

14 SNS [16]

25



3.2.

NBI
5 [21]
5 NBI [21]
JT-60 Source Kamaboko 10A Source Long Pulse
Source
.. . 18 A,360keV | 2.1 A, 50keV 10 A, 50keV | 0.8 A, 50 keV
H' ion beam achieved
1 sec 60 sec 1 sec CW
. . 70 cm@ 34 cm@ 48 cmX 23 cm 22 cm@
Chamber Dimension | ) x 34 cm x 16 cm x 18 cm
Arc Power [kW] 160 50 56 17
Ju- [mA/cm?] 11 30 37 22
Surface Power
Density [W /sz] 4.64 9.18 12.5 8.49
V/S [em] 13.4 5.5 4.1 34
Source Pressure [Pa] 0.15 0.3 1 1
5
Jy- 15
[21] Ju-
2.3
15

26



V/S

V/S

J-PARC

[22]
60 mA
120 mA/cm’
40 W/cm?

15 cm@

50 kW
750 cm?

V/S

16 [21] V/S
16
V/S
60 mA
6 mm@ 10 mma@
8 mm@
120 mA/cm?
15
15 cm@
40 W/em®
1250 cm?
16

27

V/S

30 kW



Arc Discharge Power [kW] 30 50
Chamber Surface [cm’] 750 1250
Chamber Height [cm] 8.4 19.0
Chamber Volume [cm’] 1488 4300
V/S [cm] 1.98 2.69
Source Pressure [Pa] 3.0 1.5
120 mA/cm® 15 cm@
30 kW 3 Pa
50 kW 1.5 Pa 30 kW
8.4 cm
15 cm@ 20 cm

28

15 cm



15

16

H- len Current Density (mAJem?2)

Operating Pressure (Pa)

100

80
60
40 Kamaboko A 10A Source
LHD
20 ong Pulse Source
JT-60 Source
0 ! .
o 10 20 S0
Surface Power Density {W/ocm2)
1.5 : :
Leng Pulse Source
1H *"’ 10A Source 1
05 | "
LHD%‘ Kamaboko
. ", "-\.__ cH
JT-60 Source—®—_
0 : -
0 5 10 15

Volume/Surface Ratio ViS{icm)

[21]

29
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4.1.

4.1.1.

16

10 mmx 10 mmx 15 mm

Fe-B HS40CH
kGauss

20

150 mm
19
8
1.5 mm
150 V

30

17 18
200 mm
11
Nd-
12.3 13.1

B701



21 21

30V

10 kW
100 V

10V
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400

_Fil.;lmelnt;z(ll30rlnmll_,1.gm¢’$ L 2I35|A L
DUty - 20pps & 0.6msec 230A
| H,0as : 20.0 SCCM
_BL : 02080106 ty pe
— 300 .
< 225A
S
= 200 .
5 220A
@)
&) r 215A
< 100 | 210A -
I W 205A
0 I 1 1 I 1 1 1 I 1 1 1 I 1 1
0 50 100 150 200
Arc Voltage [V]
400 'I T T T I T T T T I T T T T
| Filament x 3 (130mmL,1.5m¢) 335A
FIL-PS-P/ARC-PS-N
rDuty : 50pps & 0.6msec
| Hpgas : 20.0 SCCM 330A
— 300 ]
< 325A
1=
320A
()
= 200 + .
>
O i 315A
o r 310A
A 100 : M 305A
0 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200

Arc Voltage [V]
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4.1.2.

22 23

173
24
173

100

25

300

36

250

7.4 mg/hour

20
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2 | CsOvenResever Temp. = 173
S - |
(% L Py
o 2 F -
o i |
s 0| ]
c I C=74x10° t _-o ]
§e i |
g' 1+ ° =
> r J
wn | i
S
o r i
&) I ]
O L L L L | L L L L | L L L L
0 100 200 300
Injection Time [hour]
24 173
1077 — : : : : : :

- king st
:Arcégg /Ba '“ii‘)p

Mass # 18 Partial Pressure [Tortr]

-8
108
| Baking start
i Arc stop Arc discharge & Baking |
Arc dischrge condition IS-baking condition
FIL Voltage =17 [V] FIL Voltage = 10.3 [V]
- FIL Current =340 [A] FIL Current=200 250 [A] B
Arc Voltage = 150 [V] DC operation
Arc Power = 40 [kW]
Hydrogen gas flow rate = 3.0 [SCCM]
9 Duty=1.5 [%]
10' L |
0 5 10

Operation Time [hour]

25

39



413

26
3
8 mm¢
2.2 mm 8.4 mm
10kV 60kV
2.0 mm
400 500
10 mm
kv
27 (a)
(b)
(a)
[23]
(a)
6 mm 2 mm 10 mm
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26
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4.1.4.

15 SCCM Standard cc/min 60 mA
15 SCCM 6.7 10"
1.3x 10Y  /sec

60 mA 3.8x 10" /sec 3 %
28 H H
[24]
70 keV
7.78% 1077 cm? 4.82x 107 cm?
6
29
30
A
[ ]
1/7

42



1074

: T T I T T T T :
e I |
2,
10'15 H N H
c
O
)
o
(o)
V)
8 10_16:_ — H
(@] r
| - L
O |
10-17 1 1 I 1 1 1 1
10 50 100
Beam Energy [keV]
[cm’]
[keV]
10 1.02x 107" 8.66x 107'°
15 9.24x 10716
20 8.36x 107'° 5.79% 107'°
40 6.33x 107'¢ 2.50x 107'°
70 4.82x 107'° 7.78% 107"
100 3.95x 107'¢ 2.91x 107"

28
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4.2.

msecC

[25]

2,200 L/sec

45

31

33

32

34



1300L/s 2200L/s

1300L/s
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™ (20V, 300A)

™ (150V, 400A)

(10kV, 1A) (10V, 50A)

| =
T . '
== (90kV, 100mA)
ﬂ
NE—
33
A
20 msec
4 msec
3 msec
1 msec
1 msec
1 Lo b b b Iy
0 5 10 15 20
[sec]
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4.3.

35
115.6 mm

mm 20 mm
600 mm
mA
50 mA
mA

ICF253

0.2 %

-500 V

200 mA
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Faraday Cup Output Signal [mA]

AYYLHR

0-5 | T T T T | T T T T | T T T T | T T T T | T T T T i
. Vacc=70.0kV
. Vext(chg)=10.7kV
L Varc=150v ° L) ]
0.4 | Duty=10pps & 1.0msec 4
I g1=2.2mm g
L 92=8.35mm o
[ o ]
02 ¢ .
01 b ° Helium Plasma |
Tt Cs Seeded -
O i T TN N TN N N N T T A TN T A T T T Y SO R S ]

0 50 100 150 200 250
Extraction Current [mA]
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51.

5.1.1.

37 Type-W W weak

39 Type-S S strong

Type-M  Type-W R1
8
40
130 mm
Gauss.cm 3
3
41

38 Type-M M middle

4 R2
Type-S Type-M

40

0 mm

73 mm
7
150 V

Type-M

51

R1



Type -W 388 [Gauss.cm]
Type -M 521 [Gauss.cm]
Type -S 670 [Gauss.cm]

e
e = !
O - Ny
Gen
10" cm? [27]
mTorr 300 K

ELEORBIT [26]

52

NBI

100 eV

3x 10" em™

(5-1)

10



100 eV 300 cm

10
42 Type-W BL= 388 G.cm
G.cm 44 Type-S BL=670 G.cm
2 4
detachment
G.cm Type-W

521 G.cm Type-M

500 G.cm

45

500 G.cm

53

43 Type-M BL=521

150 eV

(2-1)

670 G.cm

30 kW

Collisional

388

Type-S



2 (2-11) (2-12)
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350 T T T T | T T T T ]
300 —@— : Mag. Arrangement Type W ]
—A— : Mag. Arrangement Type M ]
—l—: Mag. Arrangement Type S .
250 [ E
200 | .
150 E k
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Distance from Plasma Electrode [mm]
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Negative lon Current [mA]
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Arc Current [A]
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Arc Discharge Power [kW]
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¥ 000
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LINIT L:

42 ELEORBIT

Type-W 388 G.cm

43 ELEORBIT
Type-M 521 G.cm
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44 ELEORBIT
Type-S 670 G.cm
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5.1.2.

%V 120V 150V 3
46
130 mm Type-M
46 90 V
150 vV
47 30 kW
46
48

350 A

49
46

61



50

ELEORBIT

G.cm

521 G.cm

150 eV

333 A

521 G.cm

90 eV 150 eV 3

51

150 V 180 eV 200 eV
54
55 670 G.cm
180 eV 200 eV
388 G.cm
51 670 G.cm
521 G.cm

120 V 150 V

62

130 mm

53

521

90 eV
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56 5.1
467 G.cm
130 mm
90 VvV 150 V
56

57
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Extraction Current [mA]

Negative lon Current [mA]

N
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[EEN
ol

Pure Volume
L Filament Length : 130mm

[EEN
o
I T

(6
T

BL : 02080106

: Varc=090V
:Varc=120V
s Varc=150V

]
A
[ ]

N
o1
o

10 20 30 40 50 60
Arc Discharge Power [kW]

N

o

(@)
I

=

a1

o
I

100

a1
o
T

+  Filament Length : 130mm
- BL:02080106

Pure Volume

O :Varc=090V
A :Varc=120V
O :Varc=150V

10 20 30 40 50 60
Arc Discharge Power [kW]

90V 120V 150V
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Filament Lifetime [hour]

47

N
o

N w
o o
LI LI

[EEY
o

[ Parc=30kW

I Duty Factor = 6.0%
L Number of FIL : 2

1

Varc=150V

Varc=120V

T T SN (NN T NN SN N NN T N S S |

VarcleOV_-

TR TR TN [N SN SN TN TN N TN N O |

150

200 250 300
Arc Current [A]
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L Filament Length : 130mm

ol

Pure Volume

BL=521 G.cm (Type-M)

- Varc=090V
- Varc=120V
- Varc=150V

]
A
[ ]

200 300
Arc Current [A]

400

 Filament Length : 130mm
I BL =521 G.cm (Type-M)

Pure Volume

O :Varc=090V
A :Varc=120V
O :Varc=150V

90V

100 200
Arc Current [A]

300 400

120V 150V
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N
N
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280.0
262.7
2453
228.0

2107

Extraction curr

333 A
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1450
14.20
1390
1360
1330




51

388 G.cm

90 eV

69

150 eV
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90 eV

70

150 eV



90 eV 150 eV
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521 G.cm

54

200 eV

180 eV
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670 G.cm
180 eV
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200 eV
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Negative lon Current [mA]

Efficiency (Iy/1yc) [ (107) %]
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N
©
o

[ I I T I ]
C Vacc=50.0kV ]
I Vchg=61.6kV, Vext(chg)=10.7kV E
o H, Gas=14.0SCCM ]
:_ Cs Seeded .|
- ' Varc=150V 1
- A :Varc=120V A
- B :Varc=90V
: 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
0 100 200 300 400

Arc Current [A]

90OV 120V 150V

I
Vacc=50.0kV

Vchg=61.6kV, Vext(chg)=10.7kV

H, Gas=14.0SCCM

Cs Seeded

100

120 140
Arc Voltage [V]
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5.1.3.

130 mm
90 mm 150 mm 2 3
58 59
90 mm Type-W Type-M
150 mm Type-M Type-
W
ELEORBIT
60
90 mm Type-W 61
150 mm Type-W 62 150
mm Type-M 60 61
90 mm
150 mm
62 Type-W Type-M 150 mm
60
63 9O mm I110mm 130 mm 150 mm 4
30 kW 150 V
Type-M
150 mm

75



mm 150 mm

Type-M

66

130 mm

150 mm
90 mm
333 A
90 mm
90 mm 90 mm
3
150 V
4
90 mm 150 mm

76

90 mm

150 mm

Type-M

4

65

64

110



Negative lon Current [mA]

Negative lon Current [mA]

Arc Current [A] Arc Current [A]

0 100 200 300 400 0 100 200 300 400
16 77 300_""|""|"'|"'1
I © FIL 90mmL ]
| FIL 90mmL ; - ]
14T Varc=150v < 250 [ Varc=150V .
12 L é Pure Volume ]
- - A MF Type-W
10 L Pure Volume = 200 o :MF T));EZ-M
g [ O :MF Type-S
- > C
8 3 150 :
— C B
6 2 100 [
3 :
4 - A MF Type-W ]| g 0 r
B . MF Type-M X 50 F
2 ® :MF T;Be-s = w r
0 ....I....I....I....I....I....; O:........................
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Arc Discharge Power [kW] Arc Discharge Power [kW]
58 90 mm 150 vV
Arc Current [A] Arc Current [A]
0 100 200 300 400 0 100 200 300 400
16""I""I"""" 300_""I""I""I""[
" FIL 150mm _ [ FIL 150mm ]
14 -varc=150v < 550 [Varc=150V E
- E L i
12 |- Pure Volume = ¢ Pure Volume
i E 200 F A :MF Type-W
10 . ) [ O :MF Type-M
5 r O :MF Type-S
8 . O 150 |
6 I
i ] 5 100 [
4 i © '
A MF Type-W > 50 r
i ® MF Type-M C
2 + ® :MF T;Se—s T t y
0-....I....I....I....I....I....; O:........................
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Arc Discharge Power [kW] Arc Discharge Power [kW]
59 150 mm 150 vV
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60 90 mm
Type-W 150 eV

61 150 mm
Type-W 150 eV
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150 mm

62

150 eV

Type-M
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S0kW 150 V
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11.00
1073
1047
1020

9.933




64

15.00
1470
14.40
14.10
13.80
1350
1320
12.90
12.60
12.30
12.00
11.70
11.40
11.10
10.80
1050

180.0
1733
166.7
160.0
1533

333A

81

Type-M
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200

Arc Current [A]

100

Filament Lifetime [hour]

~ L L L ] 60
L Varc=150V ]
- Number of FIL : J 50
1 40
- 1430
420
L B :FIL 150mm |]
® :FIL 130mm |+ 10
A FIL110mm []
v :FIL090mm |7
. .|....|....|....|....'0
95 100 105 110 115 120
Filament Heater Current [A]
40 I I I I I I
| Parc=30kW
| Varc=120V, larc=250A
| Duty Factor = 6.0%
30 | Number of FIL : 2 |
| M.F.: Type-M
20 -
10 .
O i | | | | | |
90 110 130 150
Filament Length [mm]
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82

Arc Discharge Power [kW]
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67
[28]
68
68
68
30 kW 50 kW
69
30 kW
50 kW 6V
4V 6V
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30 kW 50 kW
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Negative lon Current [mA]
w N o1 D ~l
o o o o o

N
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300 —

N
o
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Extraction Current (mA)

69

100

L L L T
[ Pparc =50kw Cs Seeded
- o ©® 0 0 0 g -
i °, ]
°
L ° ]
°
i Parc = 30kW i
- 00000000 o ]
[ 0
o
L 5 ]
L | L L L L | L L L L | L L L L
-10 -5 0 5
Bias Voltage (V)
T T T ]
A Cs Seeded -
. A A i
A
4 Pparc=50kw
A
A
A
L VAN _
L — A A
[ Parc = 30 kW A A
A A
AN ]
1 I 1 1 1 1 I 1 1 1 1 $ 2 /\ 1 1
-10 -5 0 5

Bias Voltage (V)
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5.1.5.

70 [29]

71

450

86



Negative lon Current [mA]

71

(p Metal
(p Cs \
(p Min
>
70
70 C T T T T ] 250
60 [ o :
E ‘... ® A—_ 200
50 - % )
o’ * * 1150
C (] N
VL e tongg®® : ]
A
30 | AL o ]
: A L 100
A N o ]
20 :_Duty 3% (0.6ms/20ms) A :
:Ei?a%%%?e:dHOmmkS,(pl.S A A -~ 50
10 Fyeec-soouy, voritoy asat ]
r Vb=2.5V ]
" Qis=19.0Sccm 4
g S S N U N S M AR R
100 200 300 400 500 600

PE Temperature [°C]
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5.1.6.

keV

14 SCCM

72

1.5

70 keV

I = l,-exp(-a-P)

72 50 keV 70 keV

50 keV 70 keV

88

50 keV
72

28

0 65 mA

70 keV

OFF

70 keV 50
50 keV

(5-2)

10 %
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Negative lon Current [mA]

I
o

72 50 keV

@ : Beam Energy : 50keV
A : Beam Energy : 70keV

IZIO e-a

H, Gas=14.0SCCM
Duty=25pps & 0.6msec

10°

Pressure in BD chamber [Torr]
(actual value)

70 keV

&9



51.7.

0.5 msec
15 SCCM
(@)
(b)
15 SCCM 25 SCCM
1.9x 10° Torr 3.0x 10° Torr
5%
74 1.0 msec
16 SCCM
%
1.0 msec
100 psec

90

73

72

0.6 msec
20 %
(@) (b)
12 SCCM
20 SCCM

73



Type-W
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Vacuum Pressure in Plasma Chamber [mTorr]

0 5 10 15
70 - - 1 T T T 1 T T T T T]
'<_E' L
£ 60
- o ]
bt [
S 50 - ° ° .
@) i )
c [
= 40 [ ]
q_) -
= Vacc=50.0kv
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8 30 N Ei?zgcm e5nq(k>\<N 3 7]
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20 11 IIIIIIIIIIIIIIIIIIIIIIIIII
0 5 10 15 20 25 30

H, Gas Flow Rate [SCCM]

Vacuum Pressure in Plasma Chamber [mTorr]

0 5 10 15
350 | T T T T I T T T T I T T T T I_
— E Vacc=50.0kv i
g0t =
— L A FﬁgcmentXB ]
- 250 Duty=25pps & 0.6msec
[
(4] C A 1
= 200 F ]
> r ]
O s A :
[ 150 o .
o - -
5 L A ]
@ 100 - -
= - A ]
0 A
w 50 | A 4 A A .
0 :I 1 1 1 I 1 1 1 II IIIII 1 1 1 I 1 11 I 1 1 11

0 5 10 15 20 25 30
H, Gas Flow Rate [SCCM]

0.5 msec
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YOKOGAWA+

12 QCC M'{_ 1999/08/31 23:28:58

AVR: BM S/s

&

Tochz 2 v:
A 1o E F

: ...H.'S.Cut

PEPPY: 20008 div

T1: -500.0us

ﬁm == .[2) 6.360¥  (3)

- (4) -1.285v

AT: 200.0us v2(1) ---  (2) 6240V (3) --- (4) -1.230v
1/T:5.0kHz AY(1) ---  (2) 1200mV (3) --- (4) -55.00mY
YOKOGAWA® M 1999/08/31 23:26:43
AYR: 5M 8/s5 94
CHZ CH4 500mY "
D 111 BC T 200us/div

T1. =500.0us

\.“(1] — .[2] 6260V (3)

-——-  (4)-1250V
AT 2000us  W2(1) ---  (2) B240V (8] ---  (4)-l2a¥
1/T:5.0kHz AV(T) === (2) 2000mV¥ (3] ~--- (4] -5.000mV
YOKOGAWA+ 20 SCCM 1999/08/31 23:20557
AVR: 5M 8/s L'l
: T CHZ: 2 V: CHY 500mY i
R 1 bt MY 200us Adiv

T1. -500.0us

AT. 200.0us
1/T:5.0kHz

200 psec/div

v2(1)  ---
Av(l)  ---

(2) 6220v (3)
(2) 160.0my (3)
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- (4) -1.145¥
- (4) -1.165%
- (4) 20.00mv
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5.1.8.

90 mm

78 79

J-PARC

76 77
0.1 mm 100
600 mm
90
70 keV 60 mA
0.13 [rmm mrad] RMS
0.15 [rmm mrad] RMS

0.20 mmm mrad

95



78 79
BEAMORBT [30]
80
81

80

81

[mA/(mm mrad)’]

B= | (5-3)
%9290% '53590%)

5290% € >'/\f90% X 90%
90 %
RMS Egpy, = 4.6 X Equs
147 mA/(mm mrad)’ J-PARC
60 mA RMS 0.2 mmm mrad

7.2 mA/(mm mrad)’
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5.1.9.

150 V

mA/cm’

0.1 %

16

8 mm@

Cs Seeded

Pure Volume 82

467 G.cm

14 mA

[31]
55 kW

60 mA

72 mA

8 TRIUMF
100 %
30 mA SSC

LBNL SNS

Frankfurt

120 mA

J-PARC
NBI
8 TRIUMF SSC

102

130 mm

72 mA

144

32
V/S



&3

J-PARC V/S
NBI

V/S V/S

1 %

84
RAL INR LANL
3 2
84 J-PARC
J-PARC
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Facility TRIUMF SSC LBNL F%?gm J-PARC
Dimension of plasma
chamber [mm] 100¢*150 100¢9x100 100p>100 709px130 1500%200
Chamber volume 1178 785 785 500 3534
[cm]
Chamber surface 628 471 471 363 1296
[cm’]
Chamber V/S 1.9 1.7 1.7 1.4 2.7
- *
L [mA] 20 30 20 27 14
(Pure volume)
Iy [mA]*
(Cs seeded) 30 100 56 120 72
Iy increase
by Cs seeded 1.5 3.3 ~2.8 ~4.5 5.1
e/H ratio
(Cs seeded) -1 2 ~7 <1
Duty factor [%] 100 0.1 12 6.0 5.0
RMS emittance 0.1 <0.14 <0.33 0.07 <0.15
[rmm.mrad(norm.)] ’ @ 91 mA @ 50 mA (estimation) | @ 60 mA
Brightness (Cs)
[mA/(mm.mrad)’] 14.4 22.2 2.4 14.7
Operating H, gas ) Not )
flow rate [SCCM] 20-30 measured 15-20
Gas pressure in Not
chamber [Pa] 1.3-4.0 2.0-33 measured 1.0-14
Electron beam Permanent su I\i(;;sed Permanent su I\izgsed Permanent
. magnet bp magnet PP magnet
suppression method in EXE** at beam in PR at beam in EXE**
extractor extractor
reference [32][33][34] [35][36] [15][17][37] [38][39]

% IH_

: Negative Ion Current

**EXE : Extraction Electrode

: Plasma Electrode
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80:""I""I""I""I""I"":
< 70k Cs Seeded o -
E, - ° ]
= 60 - B —
o - Requirement ° A
E 50 E
S r o ]
@) C ]
o - o .
5 30 [ ]
= . °
- A AA ;
Z 10 b L A A a4 3
T A Pure Volume 1
O'....I....I....I....I....I....'

0 10 20 30 40 50 60
Arc Discharge Power [kW]

300 (rrrrr T T Tr T T T T T T
i A
< 750 L Pure Volume & ]
E A
= 200 | ]
o
S5 o0 | “ 3
150 .
C 150} A ;
o [ ]
2 I A Cs Seeded
- A o o ]
O_..m.I.O...OI.P..I...O.I....I...._

0 10 20 30 40 50 60
Arc Discharge Power [kW]
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3.0 —

i~ TRIUMF

a,
o
5 -
n
n
o
(Al
(@)
£
E p—
o
Q -
O LHD, JT-60 Source

- Kamaboko .

0.0 I I I I | I I I | I I I I
0 5 10 15
Volume Surface Ratio [cm]
83 ° NBI
20 . ;
N: L Duty Factor >1 % E
© - Cs operation i
© - i J-PARC
e 15 I -
= E
E | s
E 0 i JPARC
= i INR 1+ Requirement
0 i LANL L R S—
7 i A PRAL
(]
c S5 r A -
= - SNS
2 i A
8] N
o I I I | I I I I
0 50 100

84

Negative lon Current [mA]
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5.2.

5.2.1.
4
Richardson-
Dushman
= AT () e
Ao Dushman 0} k T
Ao 70 A/(cm’® deg’) o
4.55 eV [40]
5 528x10*
Jih = 70-T~ -exp T (5-5)
85 86
260 mm 1.5 mm@ 200 A
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12.3 cm?

16.3 A/em’
85 3020 K
86 1.3%x 10° g/(cm® sec)
9
87
9
Numberof | qonly o gne L | FIL temperature | Baporaon e
[A/cm’] g/(cm” sec)]
16.3 3020 1.3x 10°
8.2 2920 4.6x 107
5.4 2860 2.4x 107
4.1 2820 1.5% 107
33 2790 1.1x 107
150 V 200 A
30 kW 3% 0.6 msec
50 Hz
63 258
4
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88

&9

109

10 mm



3100 [

Tungsten

3000 |

2900

Temperature [K]
N
e}
o
o
I

2700 |-

o600 Ll oo
0 5 10 15 20

Emission Current Density [A/cm 2]

85
Richardson-Dushman

10_3""|""|""|

10* - Tungsten o .
10 ¢ -

10°®
1077
108
10°° —
10 o i

1011 o |

Evaporation Rate [g/(cmz.sec)]
(

10-12 ’ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
2000 2500 3000 3500 4000

Temperature [K]

86
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Evaporation Rate [107 g/(cmz.sec)]

87

ol
T

o

I I I
Tungsten

Filament Length : 260 mm

Filament Diameter : 1.5mm ¢ _

Arc Current : 200A

2 3 4
Number of Filament
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= = = =
w EN o o

Filament diameter [mm]

[EEN
N

88

Filament diameter [mm]
= = = = = = &=
o - N w EAS (6] (@]

o
©

89

T T T T T T I T T T T I T T T T I T T T T
i Filemant Length 130 mmx 2 1.5¢

priiiiiie
2

A, LaaAR
n

Duty 3%(0.6ms/20ms)
30kw

Cs Seeded
inside positive
outside negative

[ | Arc ontime

63h05min

A 11
m #3

-100 -50 0 50 100
Measurement Point [mm]

Filament Length 130mmx 3 ¢ 1.5

o LE
-k VYL Lol
- ‘I‘AAAA‘ 3
_ u %(0.6m ms)
- ﬁ "‘. gglt(\);v3/(0.6 s20ms) 4
C ] Cs Seeded 7]
r [ ] inside positive ]
8 . outside negative .
- nE Arc on time .
- - 257h51min R
; 1
- #2 -
5 * =5
C 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
-100 -50 0 50 100

Measurement Point [mm]
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522

0.0 msec

ON 0.6 msec

OFF

PN

91

113

0.6 msec

[41]

90

ON/OFF

PN

90



92 NN
PN
3% 0.6 msec 50 Hz

A
PN
50 kW 10
10 50 kW
Method of FIL_ARC.: Power supply NN connection PN connection
connection
Filament heating current
(for one filament) 110 A 109 A
Filament current during arc discharge P-Leg 71 A P-Leg 41 A
(for one filament) N-Leg 181 A N-Leg 151 A
45 kW 6 %
NN 46 PN &3
93 NN 94
PN NN PN
95 96

150 vV 300 A 45 kW NN
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3%
10 %
30 A PN
10 %
15 A

PN
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400 —
I Y B
' 1A
| e | F—1 ____P2 A%
<, 300 — _“_Nmz i"‘i
— [ ) . \ Arcstop |
qt:) ; Negative Leg
= 200 } //
8 |~ \
= (WA
GC.) 100 7 — \";.;m
- e S —
@ /SRR I WY
— / >’ Positive Leig | %
LL O Avr~ ctart l']\t;ll
At stalt v
N
-100
-0.5 0.0 0.5 1.0
Time [msec]
90
N
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Plasma C{zimber
Positive Leq

Fil. PS: = AW =G
1-14— « - 4
< i l- Y

~~
—~—~

Negative Leg

{( 0O
Acps=> V= 7 = -

Present method of the PS Connection
FILPS-N & ARCPS-N

_ Plasma Chamber
Negative Leg H
Fil. PS (« - \‘ - Fil ;
— ) — % \ llamen
l__ —> —> —> )
== = 4 \
e o« N

Positive Leq f u

S
—

{( N
) —= >

\

Arc PS ->

New method of the PS Connection
FILPS-P & ARCPS-N

91
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600

500

400

300

200

100

Total Filament Current [A]

600

500

400

300

200

100

Total Filament Current [A]
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T T T T I T T T T I T T T T I T T T T I T T T T I T T T T A
L Filament Length 130mmx 3 ¢ 1.5 i
- Varc=150V 7
C Duty =3% (50ppsX0.6msec) 7
S NN
L —@—: Pt (arc on) i
C i: Ett((arc off)) 7]
L . arc on 4
[ —A— Nt (arc off) FIL-PS-N/ ARC-PS-N 1
C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1

0 10 20 30 40 50 60
Arc Discharge Power [kW]

[ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
L Filament Length 130mmx 3 ¢ 1.5
[ Varc=150V
| Duty=3% (50ppsX0.6msec)
E —@—: Pt (arc on) E
L —O—:Pt(arc off) _
L x Nt (arc on)

[ Nt (are off) FIL-PS-P /| ARC-PS-N ]
i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
0 10 20 30 40 50 60

Arc Discharge Power [kW]
NN PN
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o

| FIL-PS-N/ARC-PS-N

=
o

f_llll.-----:; l“"-””-“—f

LR
oA oA Duty=6%
° A Parc=45kW -
Cs Seeded -

Arc on time ]
45h27min

=
w
T I T
[ ]
]

L4 o #1l
A
B #3

1.2-I...I...I...I...I...I...I-
-120 -80 -40 O 40 80 120

Measurement point [mm]

Filament diameter [mm]
[HEY
N
I
>

93 NN
16 I L L D D
| FIL-PS-P/ARC-PS-N 1
E - i
E -.. -l'_
R T U PU T TYTT 1L Lo
E ---. AA ... i
+ [ )
<5} x Ao Duty=6% i
Eqal A Parc=45kW |
.© [ X ) Cs Seeded |
o ® ®
= A A Arc on time
@ I i 82h50min
€13 | _
i i ® #1
LL A #?
B #3 ]
1-2 | 1 | IAI | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |

-120 -80 -40 0 40 80 120
Measurement point [mm]

94 PN
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95

96

Arc Current flowing through FIL [A]

Arc Current flowing through FIL [A]

250 .

T T T IIIII T T T T IIIII T T T LI

. N-N connection ]

| Arc Current = 300A ah 1

200 - A -

A A A A AA FIL Negative Leg |

150 | -

‘_ ° ° FIL Positive Leg ]

100 T ¢ oo .

[ Varecisov % ]

FIL : 130mmL x3

B BL : 02080106 Type T

- Qis=20SCCM E

50 1 1 1 1 IIIII 1 1 1 1 IIIII 1 1 1 11111
0.1 1 10 100

Arc Duty Factor [%]
NN

250 ——rr ——rr ——r

| P-N connection |

| Arc Current = 300A |

200 ¢ FIL Positive L ]

¢ o e o oot ositive Leg :

i %o ]

150 - -

I AA ]

A A A A aa 4 ]

100 FIL Negative Leg

- Parc=45kw -

| Varc=150V 4

FIL : 130mmL x3

F BL:02080106 Type T

|l Qis=20SCCM i

50 1 1 1 1 IIIII 1 1 1 1 IIIII 1 1 1 11 1 11
0.1 1 10 100

Arc Duty Factor [%]

PN
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523.

97
30 kW
3% 2
11
Filament Size Achieved Cut Off
P-Leg N-Leg Lifetime Point
1.0 mm 1.5 mm 2 hour P-Leg
1.3 mm 1.5 mm 43 hour P-Leg
1.4 mm 1.5 mm 119 hour Top (center)
1.5 mm 1.5 mm 63 hour N-Leg
1.0 mm 1.3 mm
OFF ON
1.4 mm 119
1.5 mm 2
63 2 119
63 98

1.4 mm

121

11



JT60

Negative Leg Positive leg

O[]0

FIL. Power Supply

Negative Leg Positive leg

15 1.5

Original Shape

97
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[41]

Negative Leg Positive leg
OO0

FIL. Power Supply

Negative Leg Positive leg

1.5 10,13, 14

Revised Shape




= = = =
w IN o o

Filament diameter [mm]
=
()

1.1

[EEN
(op}

=
o

=
w

Filament diameter [mm]
[N
N

1.1

98

=
~

I T T T I T T T I T T T I T T T I T T T I T T T I

. Filament Length 130mmx 2 ¢ 1.5 i
il B
e s 'llllllllll' :
fe of 1
eooo Duty 3%/(0.6ms/20ms)
u m 30kW ]
I~ Cs Seeded 7
inside positive ]

u | outside negative
N - Arc on time ]
i /- 63h05min
I Cut off point ® :#] ]
B #3
L I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I ]

-120 -80 -40 0 40 80 120
Measurement Point [mm]

| T T T | | T T T | T T T | T T T |
i 130mmx 2 ]
L ¢ 1.5(¢ l.4inside) i
hd ) CLE
— . —

T T T | T T T
Filament Length

| Duty 3%(0.6ms/20ms)

L 30kW . ]
. Cs Seeded u ArC On tlme ]

L inside positive / 119h00min

I outside negative

Cut off point

° - ]
i B #3 ]
IIIIIIIIIIIIIIIIIIIIIIIII

-120 -80 -40 0 40 80 120
Measurement Point [mm]
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5.2.4.

99
2 130 mm 2
6.0 % 99 o 30 kW 40 kW
30 kW 250 A 300 A 40 kW 267 A

30
kW 40 kW
5.1.2
99 40 kW 30 kW
300 A 30 kW
8 40 kW 11
100 ° 30 kW A 40 kW
300 A
40 kW 30 kW
40 kW
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N
o

[EEN
o
I T

w
o
LI I B B

Filament Lifetime [hour]
N
o
I

" Duty Factor =6.0%
| Number of FIL : 2

—S— Arc Power=30kW ]
—4—: Arc Power=40kW

0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
150 200 250 300 350
Arc Current [A]
99
6.0 %

240 T ' T : T T T ' | '
—_— L FIL :130mm x ¢ 1.5x 2 |
< Duty 6%
— Fil-PS-N/Arc-PS-N .
- MF : Type-M |
3 ® Parc=30kw ]
= 230 @40 o (Varc=100V, larc=300A) -
@) X 000000 00° 1
;b |

- A 4

@© A
= 220 | “Aaa, _
% I AAAAAAAAAAAAAA |
= Parc=40kW i
— (Varc=133V, larc=300A) -

210 i ] 1 ] 1 ] 1 ] 1 ] |

0 2 4 6 8 10 12
Arc Operation Time [hour]

100

300 A 2
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5.25.

12
12
Filament Size [mm] Num. Arc Discharge | Duty Factor | FIL-ARC P.S. Ope.r ation
of Power [kW] [%] Connection Time
P-Leg N-Leg FIL. [hour]
1.5 1.5 3 30 3 N-N 258
1.5 1.5 3 45 6 N-N 46
1.5 1.5 3 45 6 P-N 83
1.5 1.5 2 30 3 N-N 63
1.4 1.5 2 30 3 N-N 119
46 83 1.8
30 kW 3% N-N 258
P-N 464
63
119 1.9 464 882
J-PARC
500
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J-PARC
J-PARC 13

KEK
LBNL

NBI
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90 V 150 V

90 mm 110 mm 130 mm 150 mm 4

130 mm

1.5

16 SCCM
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BEAMORBT

mA/(mm mrad)*

30 kW

258

1.8

3%

60 mA

J-PARC
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J-PARC

72 mA

15 %

14.7



258 500

1.5 mm@ 1.8 mm@
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13

J-PARC

Present Status Requirement
Peak Beam Current [mA] 72 60
Beam Energy [keV] 50 70 50
Duty Factor [%] 5.0 2.5
Pulse Length [msec] 1.0 0.5
Repetition Rate [Hz] 50 50
1
Pulse Flatness [%] (sensitive to H, <1
gas flow rate)
Rl[\ﬁii‘if;g]ce 0.13 (X), 0.15 (Y) 0.20
B Brighns
Gas Flow Rate [SCCM] 15 20 as low as possible
Source Pressure [Pa] 1.0 14 as low as possible

Maintenance Cycle [hour]

258 (Filament lifetime)
(@ Arc power= 30 kW,
Duty factor =3 %)

500
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