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Background

Two-step process of H- volume production

(1) H2(v”=0) + efast (Efe>20~30eV) → H2(v”)
(2) H2(v”>5) +eslow (Te=1eV) → H- + H

Optimization (Enhancement)

Tandem two-chamber system
magnetic filter/plasma grid → f(E), ne, Te

Introduction of cesium
enhancement of H- production → cesium effect

(surface)
Extraction of negative ions
probability, beam optics

Source Modeling



Objectives

(1) Optimization of H- volume production
→ plasma parameter dependence

(2) Modeling cesium effects
→ surface effect, volume effect
→ enhancement of H- production

(3) Estimation of extracted H- current
→ pressure dependence of extraction probability
→ average energy of extracted H- ions
→ pressure dependence of extracted H- current 

(4) Modeling D- production, isotope effect



Numerical Model

Motion equation Magnetic filter

Construction of line-cusp magnetic field
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Cross-sectional view of the model geometry 
for the second chamber

Motion equation Magnetic filter
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Collisional processes （2nd, Pressure = 5mTorr with Cs）

0.6567.430.53102.9H－　＋　 H3
＋ 　→　2H　＋

H2　

2.2219.641.8329.88H－　＋　 H　　→　 H2　＋　e

3.5412.332.9118.78H－　＋　 H2　→　H　＋ H2　
＋ e

1.1537.820.9557.59H－　＋　 H2
＋　→　H　＋ H2

1.5927.481.3141.82H－ ＋　 H＋　→　2H

29.701.4724.162.26H－　＋　 H＋（elastic collision）
　

59.010.7464.240.85H－　＋　 H　　（charge 
exchange）

0.4793.180.39141.82H－ ＋ e　→　H　＋　2e

Collision 　　　
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mfp [cm]Collision
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mfp [cm] 

Volume produced H- ionsSurface produced H- ions

Collisional processes

H－　＋　 Cs＋ 　→　Cs　＋　
H
H－　＋　 Cs 　→ Cs  ＋ H ＋ e
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Flow chart

Determination of energy
of extracted  H－ ions

Collision?

Initial conditions
production position, energy,  time step

Determination of mean free path

Solving(at each time step)

Selection of a  
kind  of
collision

stop

No

Yes

Destruction
collisionElastic 

collision

Extraction?
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H- ion trajectories in the second chamber

Surface produced H- ions Volume produced H- ions
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Numerical results of H- transport
(B0=120G, lB=4cm)
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1 9 11 11 6
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88 161 242 230 203
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Extraction probability as a function of z

(b) Effect of hydrogen gas pressure(a) Effect of magnetic filter intensity
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Pressure dependence of extraction probability  
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Pressure dependence of H- (2) density
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Rate equation for H- in the second chamber

H-
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Procedure for estimation of extracted H- ions

1 2 5 8 10 15

11.4 20.2 38.1 49.5 55.1 65.0

SP 73.6 73.4 74.1 74.9 75.5 76.9

VP 26.4 26.6 25.9 25.1 24.5 23.1

SP 8.39 14.8 28.2 37.1 41.6 50.0

VP 3.01 5.36 9.87 12.4 13.5 15.0

SP 30.4 29.6 28.4 27.0 26.4 24.4

VP 7.3 7.2 6.0 5.1 4.1 3.3

SP 2.55 4.39 8.01 10.0 10.9 12.2

VP 0.22 0.38 0.59 0.63 0.55 0.49

2.77 4.77 8.60 10.6 11.5 12.7

94.2 88.8 74.3 62.2 55.2 40.9

2.61 4.24 6.39 6.62 6.36 5.19

Estimated
H-  ions

[×1010cm-3]

Pressure [mTorr]

H-(2)  ion density
[×1010cm-3]

A  rate of  H-

formation [%]

Extracted H-  ions
from the ion source

[×1010cm-3]

Extraction
probability of
H-  ions [%]

H-  ions
reach the PG
[×1010cm-3]

H-  ions reach
the PG  (total)

[×1010cm-3]

Survival factor F
against the stripping

loss [%]

SP : Surface Production , VP : Volume Production



Pressure dependence of extracted H- ions
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Summary

(1) The probability for H- ions to reach the plasma grid is estimated.
→ For surface-produced H- ions

・The extraction probability is weakly decreased with pressure.　( 24~30% )
→ For volume-produced H- ions

・The extraction probability is decreased markedly with the upstream 
distance      

from the extraction grid.   ( ~within 2cm )
・The averaged extraction probability is much lower than that for 
surface-produced H- ions.   ( 3~8% )(2) The kinetic energy of the extracted H- ions is reduced mainly through 

charge exchange collisions with H and elastic collisions with H+.

(3) Although the kinetic energy of surface-produced H- ions is reduced    
due to collisions, the value is slightly higher than that of volume-
produced H- ions.

(4) Extracted H- current is estimated by using the present extraction 
probability and the result of model calculation.



Plasma parameters obtained from the model calculation
( gas pressure p = 5mTorr )
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Extraction probability as a function of z
(parameter is geometrical transparency)
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Two dimensional velocity distribution of H- ions (Vx-Vy)

Volume produced H- ions

Initial energy : surface 1.0 eV
volume 0.5 eV
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