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The radiation trapping of hydrogen atom resonance 
lines has been found in the divertor regions where strong 
net volume recombination resulting in the high atom 
density is observed. 1,2) At the Alcator C-11od, it is ob­
served that up to 50% of the L (3 emission is trapped, in­
dicating that La: is strongly trapped in some case. 2

) The 
goal of the present investigation is to understand the ef­
fects of the radiation trapping on the particle and energy 
balance of the LHD divertor plasma using our collisional 
radiative model of hydrogen atoms and molecules. 

We have developed a novel self-consistent computa­
tional code for solving the radiative transfer equation 
coupled with the collisional radiative rate equation,3) 
whose computational steps are as follows: First , the spa­
tial distribution of populations of excited levels is cal­
culated neglecting the radiation trapping. The obtained 
spatial distribution is then used as the photo excitation 
source, and thus resulting in a new spatial distribution of 
populations of excited levels. This spatial distribution is 
again employed for the next solution as the photo excita­
tion source. These steps are repeated until a convergence 
appears. We have applied the new code to an infinite 1cm 
thickness slab plasma which has uniform temperature 
Te = TH = leV, electron density ne = nH+ = 1015cm-3, 
the ground state density n(l) = 1014cm-3, and calcu­
lated the effective ionization and recombination rate co­
efficients, which are defined by 

dn(l) 
~ = -Sc Rn(l)ne + CXCRnH+ne· (1) 

We include the absorption of La: and L {3 lines. If these 
absorptions are neglected, the effective ionization and 
recombination rate coefficients are 

CXCR = 4.6 X 10- 12 [C71 
The absorption of La: and L {3 lines increases SCR 

nearly two orders of magnitude, 

SCR = 1.9 X 10- 11 [ C73

]. 

CXCR does not change because the induced emission is 
negligible. 

In order to verify our code before applying it to the 
LHD plasmas, we have developed a simple rf plasma 
source at Shinshu university, where a plasma column 
with a diameter of 5 cm is created with densities in the 
rage of 1010 - 1012 cm- 3 and electron temperatures in 
the 2-6 e V range. 

We measured intensities of atomic emission lines of 
Balmer cx , (3, / , 6 and molecular band (d3TIu-a3I:t fulcher 
transition). As a first step, we analyzed the emission in­
tensities assuming no radiation trapping. Figure 1 shows 
the population of excited atom determined from the in­
tensities of the Balmer lines emitted from a plasma with 
n e = 2.5 x 1011 cm-3, Te = 3.0eV. Figure 1 also shows 
population coefficients Ro(p) , R 1(p), and R/I,fAR(p) which 
are defined by 

n(p) = Ro(p)nzne + R1(p)n(l)ne 

+ I:vRMAR(p , v)nH2 (v)ne, (2) 

where p is the principal quantum number. The last term 
denotes the population originated from the molecular as­
sisted recombination (MAR). 
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Fig.l. Populations of excited atoms determined from 
the Balmer line intensities (closed square). Population 
coefficients of eq.(2) are also shown (open circle). 

The experimental populations were well fitted by eq.(2) 
with nH = 2.7 x 1014cm-3, nH2(v=O) = 1.0 x 1014cm-3. 
The value of nH2(V=O) was consistent with gas pressure of 
0.015Torr within the experimental uncertainty. However , 
the atomic density indicates that the radiation trapping 
should not be neglected because the opacity at the line 
center of La: is about 103. At present, our code needs 
the spatial distribution of the ground state atoms. We 
are planning to determine the distribution with the help 
of a neut ral transport model. 
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