11.2].

NBI

ITER)
200A/m?

,(V)+e , — H,(V')+¢€

H,(V')+e,, > H +H

+e(wall) > H™

1 M.Uematsu, et al. Rev. Sci. Instrum. 71, 883 (2000)
2 A. Hatayama, €t. al., Rev. Sci. Instrum. 73, 910 (2002)




_Simulation Code

PLE ( Path Length Estimator )

FEJH TR 2 Tl - —-—
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QSS-CR model
(Quas Steady State Collisional Radiative)



CR Model

The rate equation of the population n(p)
P, g: principa quantum number (p# Q)

dn;tp) =3 c(a p)nn(p)+ Y [F (g, p)n. + A, p)In()

+le(p)n.+ B(P) N, .n.+ M (p)

—KZ F(p,q)+ZC(p,q)+S(p))nﬁZA(p,q)}n(p)

a<p a>p a<p
1)

n, electrondensity N_. iondensity
M(p) : contribution from H,(v) and H-

C(p,q) excitation by electron collision from statep to g
F(p,q) de-excitation by electron collision from state p to g
A(p,q) spontaneous transition probability from p to g

Sp) ionization

a (p) three body recombination

£ (p) radiative recombination



QSS-CR Model

" ox1  90(P) L
dt

n(p) = Ry(pPInen,. + R(p)n(n, (2)
* R,(p), Ry(p) : population coefficient
* Ri(P), Ro(P) :

1 DOE+27 521 DDE+19
% 100E+24 ;' LOE*18
= . : 5 LODE+1T
g L 2 1.00E+18
‘s 100E+1E T 1.0DE+15
5 100E+15 cas| | E100E+14
E 1.00E+12 - f |.ODE+13 //—_ « =l
T | O0E+09 <3 | g lOEHE ) f ::3
! v =4 | EI00EHT ¥ m~
= 1 DOE+06 2 1 00E+10
Y L00E+D3 == I 1. 00E+09
100E+11 1.00E+14 100E+7 100E+20 100E+23 1.0064 LO0E+DD  J.ODE+) 5006400 TOOE+00 S.00E+)
Electran density(1/m’) Electran Temperature[eV]

Fig.1l:
3 T.Fujimoto S. Miyachi, and K.Sawada, Nucl. Fusion. 28,1255 (1988).



QSS-CR Model

Te+12

—
{e+11} ~
le+10 L1

p=2(-

’E 1e+00 -

-51EIU8! I 1

= ¥ I
le+0/F
1e106}

|
16408, 50 07 4607 6e-07 0e-07 10-06
tls]

Residence time Relaxation time

in the cell > for excited levels
~1x107 ~4 %107’

Fig.2: Time evolutions of the population densities for hydrogen atoms.
(n,: 108 [1/m3], T, : 1[eV])

The QSS-CR approach is quite useful
for H atoms.

5 K.Miyamoto, Y. Ishii, and A. Hatayama, J.Appl. Phys. 93, 845(2003).



Model Geometry

gas inlet X Z
,.L ¢ o
__________________________________ o
| |
| : 9
: e |
. filament 25cm
c < >
o |
5 ol Mleasurilament
S o= | Ist Chamber . angie
— o :
63; ' Measurement
i point
magnetlc fllter;iiiiiizﬁ
\ —2nd Chamber — I1Ucm
Unm Plasma Grid

>

100cm

Fig. 3 : Cross sectional view of model geometry for atandem
type and cubic negative ion source.



Plasma Parameter

Table 1. Main plasma parameter in the
negative ion source.

Max elec. temp. 4.0eV

In 1st chamber

Max elec. dens. 1.0x 10®¥m>
In 1st chamber

Max ion. temp. 0.4 eV

In 1st chamber

Max elec. temp. 1.0eV

In 2nd chamber

Max elec. dens.
In 2nd chamber

0.33x 10¥m™

Max ion. temp.
In 2nd chamber

0.4 eV

lon density Equal to elec. dens.
At filament 25 eV

Fast elec. Temp. 50 eV

Fast elec. Dens. 0.1ng




Plasma Parameter?2

! 8.0~ Gas Inlet
4
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Fig. 4: Electron temperature and density distribution
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Reactions related to H(p)

Table 2. The reactions in the code rel ated

to H(p)

Electron impact etHy(V) -
dissociation (DS) e+H(p)+H(1s)
Recombination of H,"+e_

H, ion H(p)+H(1s)
Mutual H+H" -
neutralization (MN) H(p)+H(1s)
Radiative H*+e-,
recombination (RA) H(p)+hv
Three body H*+ete -
recombination (RE) H(p)+e
Collisional H(p)+te-
excitation (CE) H(q)+e
Collisional H(p)+te-
de-excitation H(g)+e
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Fig. 5: Density distribution of H,(v=7)
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Fig. 6: Density distribution of H-
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H(p=3)
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Fig. 7: Density distribution of H(p=3).
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Fig. 8: Relative intensity distribution of H,
[with/without MN] along the 45 sight lines.
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Fig. 10: Density profile of H,(v=7) at y=0.6]m],
z=0.5[m] [wall recombination coefficienty = 0.00,
0.05, 0.10] .
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[wall recombination coefficienty = 0.00, 0.05, 0.10] .
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z=0.5[m] [wall recombination coefficienty = 0.00,
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Fig. 13 : Cross sectional view of model geometry for atandem
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Plasma Parameter
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Fig. 14: Electron temperature and density distribution
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Fig. 15: Density distribution of H,(v=7)
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Fig. 16: Density distribution of H-
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Fig. 17: Density distribution of H(p=3).
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