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Consistency of the edge plasma operation with 
the core plasma operation is an important issue for the 
design of ITER and the future fusion power plant. In case 
of the ITER divertor modeling, the "tting scaling laws for 
divertor plasma property are built with a two dimensional 
(20) divertor transport code, and these are used as 
boundary conditions for the core plasma analysis. I ) Being 
prior to such detailed and massive calculations by 
multi-dimensional transport codes, iL is necessary to 
understand qualitative and overall features of the plasma 
operational space including the requirements for the SOL 
and divertoT plasma. For this purpose, we are developing a 
simple Core-SOL-Oivertor (C-S-O) modcI.2.3) 

The transport models applied to the C-S-O 
model are a 00 core plasma model based on ITER physics 
guidelines and a usual two-point model for SOL-divertor 
region. The key issue of this C-S-O model is how to 
combine the two-point model with the 00 core plasma 
model. Usually, the upstrealT~ SOL density is a given 
parameter in the two~point model. In the C-S-O model, the 
particle balance for SOL-divertor region including the 
neutral transport is solved to evaluate the upstream SOL 
density 17s. We assume that all neutral particles arc 
originated at the divertor plate. Its generation rate is 
supposed to be proportional to the particle flux to the 
divertor piate. Consequently, the rollowing detlnition of the 
total ncutral source rate No including gas puff N uff at the 
edge region is applied; P 

(I) 

where nt!, Md, Cs , Rand f.// are density, mach number and 

sound velocity, major radius and the angle of the magnetic 
field at the divertor plate, respectively. The dcn!-iily decay 

length .6. n is assumed to be twice of ,temperature decay 

length of SOL. By using this simple neutral model and the 

particle flux across the separatrix r from the OD core core 

plasma calculation, the particle balance equation for the 
SOL-divertor region becomes 

(2) 

where N,~ol (N,~i\') is the total number of ionized 

particles in the SOL (divertor) region, and Score and Sdiv are 
the areas for the core and divertor region normal to the 
particle flux. The ionized particle numbers are defined by 
the ionization fraction in the SOL and the divertor region 

.t;~~1 and J;~lill/ ). Their definitions are 
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N'''' = ~,,' (1- ,cdi")'/V and N di
" = ~di' N The 
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ionization fraction in the divertor region is modeled by 

t;~;' = 1- exp(- (Ldsin(\f/))/ ,i~~~), where Ld and ,if:; 
are the length of the divertor region and the mean free path 
of the neutral particle, respectively. The ionization fraction 
in the SOL region is defined by 

J;\~~1 = ASol/(Acnrc + Asol + Apump), where Aj denotes 

the effective area for core plasma, SOL and pumping enect, 
respectively. 

To check the validity of this C-S-O model, 
comparison with the edge transport code (B2-EIRENE) is 
carried out. We focus on the JT-60U L-mode discharge in 
the high recycling state 4), and it is shown that the result by 
the C-S-D model is reasonable qualitatively and 
quantitatively, however, other validation for the neutral 
transport should be carried out because of the simple 
neutral model. 

The C·S-O model is applied to the LH transition 
phase of ITER. The LH transition condition is modeled by 
using the scaling law of LH transition threshold power. The 
lime evolution of SOL-divertor parameters is shown in Fig. 
I. The particle confinement time of core plasma is 
calibrated so as to reproduce the ITER reference upstream 
SOL density. Fig. I reveals that there is a possibility of 
divertor density (nd) oscillation. while the core 
density(which is not shown in Fig. I) and the upstream 
SOL density increase. Such nil oscillation has an effect on 
the divertor operation in the ITER and the future fusion 
reactor, and should be examined more carefully. 

25r---------------------~ 

20 

50 100
T

. 150 
Ime 

200 250 
(seC) 

Fig. I. Time evolution of the SOL-divertor parameters 
(density and tempcrature) by the C-S-O model. Thc 
subscripts sand d correspond to the upstream SOL and the 
divertor, respectively. 

As shown in Fig.l, this C-S-O model is useful to 
investigate consistent core and edge plasma operational 
space. By the C-S-O model, the steady state operational 
space of HT-7U is under investigation[3]. This work is 
partly supported by JSPS-CAS Core-University Program 
on Plasma and Nuclear Fusion. 
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