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1. Introduction 

Knowledge of the plasma parameters at the last closed flux surface (the separatrix) of diverted 
tokamaks is important for the design of divertors capable of removal of power and particles 
without deleterious effect on core confinement. The ITER design utilizes enhanced radiation in the 

divertor region to reduce the power load to the divertorl. This design is based in part on 
simulations with 2-D fluid plasma codes. The efficacy of the ITER design depends on the viability 
of the plasma codes. The code simulations have been validated against data for a limited number of 
discharges in each of the world’s operating tokamak devices, as reviewed by Loarte at this 
conference. A second technique which can be used to evaluate our understanding of the physics of 
the plasma scrape-off layer (SOL) and divertor is comparison with a broad range of experimental 
data. The ITER divertor modeling and database expert groups have assembled a scalar database of 
the edge plasma parameters for existing diverted tokamak devices as a means of enabling scaling 
studies of the SOL plasma. Data exist from ASDEX, ASDEX-Upgrade, C-MOD, COMPASS-D, 
DIII-D, JET, JFT-2M, and JT-6OU. We describe the scaling of plasma parameters at the outer 
midplane obtained from examination of this multi-machine database in this paper. The plasma 
parameters at the outer rnidplane are used as a boundary condition for all simulations of the SOL 
plasma, and hence understanding of the expected value of these parameters is crucial for the 
successful design of the ITER divertor. 
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An alternate technique which can be used to scale the separatrix density expected in ITER would be 
to seek the best empirical fit to the data in the scalar database. A simple log-linear fit of the 

separatrix density to the average core density suggests n,(sep)=<n,>‘.6. However, there are other 

hidden variables which can not be ignored. For example the highest density data in the database is 
obtained from C-MOD which also operates at the highest magnetic fields. Hence there may be 
other device dependencies which determine the separatrix density. The Ohmic and L-mode data is 
best fit with the function 

r&p) = O.O0236(n,)* os~1 “B;78 

where K is the plasma elongation, and B, is the toroidal magnetic field in Tesla. The separatrix 

density in H-mode is consistent with this empirical scaling, but there is a degradation of core 
energy transport with flattening of the density profile. We have not included H-mode data in our fit 
because this dependence on confinement is not included. Somewhat poorer fits can be obtained 
using the heating power as a variable, but the dependence on power is very weak. The dependence 
on a geometry parameter such as the plasma elongation may indicate the contribution of recycling 
to determination of the separatrix density. However, the physical mechanism by which the 
particular parameters enter Eqn. (1) is not obvious. The edge density predicted by Eqn. (1) for x\ 
ITER is about 6.2~10’~ m-“, similar to that obtained from Figure 1. Tl& edge density expected in 

ITER from either of these techniques is somewhat higher than that used during the CDA, making 
design of the divertor somewhat easier. 

3. Scaling of separatrix temperature and perpendicular 
transport 

It is more difficult to determine the expected temperature at the separatrix because the temperature is 
more sensitive to the recycling processes. We can divide the tokamak plasma into three regions; the 
core plasma, edge plasma, and scrape-off layer. The edge plasma is the region in which the H- 
mode thermal barrier is established, and typically lies between normalized poloidal flux surfaces of 
0.9 and 1 .O, i.e. out to the separatrix. The edge plasma is heated by radial transport from the core 
plasma. Cooling mechanisms for the edge include radial thermal conduction to the SOL, impurity 
radiation, convective losses to the SOL by large particle fluxes, and parallel losses in the SOL. 
Previous scaling for the separatrix temperature were based on balancing the perpendicular 



diffusivity will be linear with heating power for constant gradients, so the results shown in Figure 
2 indicate the gradients are only weakly dependent on power. The diffusivity for Ohmic and L- 
mode are up to an order of magnitude higher than those for H-mode. The large scatter seen in 
Figure 2 can be attributed to uncertainties in the location of the separatrix. 

The effect of convective power loss associated with particle recycling at the divertor can be inferred 
from the data shown in Figure 3, which shows the variation of the separatrix electron temperature 
with the radial particle flux obtained from Eqn. (2). The particle fluxes inferred from the data are 
on the order of a factor of 10 higher than the particle input from neutral beam heating. This 
suggests the radial particle flux is dominated by ionization of neutrals which recycle from the 
divertor region. The separatrix electron temperatures obtained in H-mode are higher than those in 
Ohmic and L-mode, and the temperature decreases as the radial particle flux increases. We show 
the 1 MW convective power loss obtained from PC,,,- -2.51,,,(2T,) in the figure. We see that the 
convective power loss becomes significant at the high edge temperatures obtained in H-mode. 
These results indicate that the separatrix temperature expected for ITER will be dependent on 
details of the recycling process, hence will depend on the divertor design. 

4. Discussion 

We have shown initial scaling dependencies for the plasma parameters at the outer midplane. The 
data are obtained from a variety of operating divertor tokamaks, and has been assembled by the 
ITER Divertor modeling and database expert group. We find the scaling of the separatrix density 
does not vary much between different devices. The density profile varies with plasma density, 
becoming flatter at higher density. The scaling of the separatrix density is similar in H-mode, 
Ohmic, and L-mode plasmas. The plasma density is higher in H-mode, hence we find they have 

flatter density profiles. We expect a separatrix density of about 6~10’~ m-’ for ITER. 

We have also shown that the separatrix temperature is more sensitive to details of the neutral * 
recycling process. Convective power losses across the separatrix which arise because of ionization 
of the neutrals which recycle from the divertor floor are an important power loss mechanism in the 
edge of H-mode plasmas. Hence the separatrix temperature at the outer midplane depends rather 
sensitively on details of the baffling of the divertor region. The separatrix temperature expected in 
ITER will therefore depend on details of the divertor design. We can not obtain a scaling law from 
existing data, but must rely on 2-D code simulations which include realistic models for neutral 
recycling. 
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Figure I The dependence of the separatrix 
density on the line-averaged core density. 
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Figure 3 Dependence of the separatrix 
electron temperature on the radial partical 
flux across the separatrix. 
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