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Understanding the behavior of impurities in the SOL is important because distribution of 

impurity ions in this region influences their transport to the H-mode pedestal and further to 

the core [1 and references therein]. In the present paper the modeling of plasma edge is made 

with the SOLPS-ITER transport code [2] for ASDEX Upgrade tokamak with nitrogen 

seeding. The distribution of the nitrogen in the SOL and private region (PR) is analyzed.  

 In the modeling transport coefficients were chosen according to Fig. 1 (a), deuterium 

fueling was set as 2·1022 atoms/s and nitrogen seeding was 2·1019 atoms/s. Ion temperature 

and density profiles at the equatorial midplane are presented in Fig. 1 (b), (c); profiles at the 

divertor targets are presented in Fig. 2 (d) - (f).  
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Fig. 1. Transport coefficients (a); radial profiles at the outer midp lane of (b) main ion density and (c) 

temperatures; radial profiles at the targets of (d) main ion density; (e), (f) temperatures. Dashed lines in (b) - (f) 

correspond to the low pumping case 

The distribution of different charged states of nitrogen in the near SOL and in the far SOL is 

presented in Fig. 2. In the divertor region lower charged states are dominant and in the upper 

SOL nitrogen mostly exists as N+5 - N+7 ions.  
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Fig. 2. Polo idal distribution of the nitrogen ions (a) in near SOL (at the distance 1mm from the separatrix traced 

back to the outer midplane) and (b) in far SOL (16 mm from the separatrix) 

To analyze the transport of impurities their parallel momentum balance was observed. One 

can see that the contribution of forces other than thermal and friction force are small, Fig. 3.  

-2 -1 0 1 2

-120

-80

-40

0

40

80

120

(a)

top

inner

target

X-pointX-point

M
o

m
e
n

tu
m

 b
a
la

n
c
e

 c
o

m
p

o
n

e
n

ts
, 

(N
/m

3
)

Poloidal coordinate, m
outer

target

 Thermal force

Friction

Electric force

Pressure gradient

 

-1 0 1 2

-120

-80

-40

0

40

80

120

 

(b)

M
o

m
en

tu
m

 b
al

an
ce

 c
o

m
p

o
n

en
ts

, 
(N

/m
3
) top

inner

target

X-pointX-point

Poloidal coordinate, m

 Thermal force

Friction

Electric force

Pressure gradient

outer

target
 

Fig. 3. Parallel momentum balance for nitrogen in SOL (summed over all charged states) (a) in the near SOL 

(1 mm from the separatrix) and (b) in the far SOL (16 mm from the separatrix) 

Therefore, the parallel velocity of nitrogen can be determined from the balance of the friction 

and thermal force and appears to be a function only of the ion temperature gradient and main 

ion velocity. Friction force on the impurity ions is   21

||||

2

||

 pIpiII VVmnnZR  , and 

thermal force is iI

T TnZR ||

2

|| 56.1   (here small contributions from the electron friction and 

thermal force are excluded), so the parallel velocity of the impurity is ippiI TmnVV ||

1

|||| 56.1   . 

Comparison of poloidal projections of the parallel velocity of nitrogen (averaged over charged 

states), deuterium, and velocity calculated by the equation above is presented in Fig. 4. In the 

near SOL the influence of thermal force is significant and nitrogen velocity differs from that 

of main ions while in the far SOL different plasma species velocities are close to each other. 
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Fig. 4. Po loidal project ion of parallel velocities of deuterium ions, nitrogen (averaged over charged states) and 

calculated in (a) near SOL (1mm from separatrix) and (b) far SOL (16 mm from separatrix) 
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 The global patterns of nitrogen poloidal migration were analyzed using radially 

integrated flows in the SOL and PR. Poloidal flux of nitrogen outside the separatrix mainly 

consists of the flux, determined by parallel velocity, and BE


  flux, Fig. 5. In SOL region 

the impact of parallel velocity flux is stronger than impact of drift flux, situation in the PR is 

opposite. It can be noticed, that in both SOL and PR regions nitrogen tends to move towards 

inner divertor and the flows through SOL and PR are of the same order. 
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Fig. 5. Po loidal fluxes of nit rogen in SOL (a) and PR (b) integrated radially  

Distribution of poloidal velocities of nitrogen in SOL is rather complicated, Fig. 6 (a). In both 

near and far SOL nitrogen velocity is directed towards the inner divertor, though in near SOL 

it is mainly determined by BE


  drift (VExB) and in far SOL by poloidal projection of parallel 

velocity (V||bx). In between velocity is determined by the sum of VExB and V||bx. There are flux 

surfaces, where the direction of the total velocity changes due to the BE


  drift towards outer 

target. Generally, the drifts lead to the mixing of impurity both poloidally and radially 

between the near SOL and far SOL without pronounced drag to the inner divertor, Fig. 6 (a). 

In the private region poloidal velocity is determined mainly by VExB and directed towards 

inner target. 

 In the cold inner divertor there is retention of nitrogen almost without any leakage to 

the upper regions, except for the small volume near the X-point. In the attached outer divertor 

the nitrogen retention is weak and nitrogen transport depends crucially on the plasma 

parameters. Nitrogen leakage from the outer divertor region is connected with the thermal 

force and with the BE


  drift fluxes which drag nitrogen from the strike point to the X-point 

and PR. As a result nitrogen concentrates in the inner divertor with much bigger poloidal 

fluxes and densities of impurity than in the outer divertor, Fig. 6 (b, c). The integrated flow of 

nitrogen to inner plate is 6.2·1020 s-1 and to outer plate is 0.9·1020 s-1. The asymmetry for main 

ions is smaller - integrated flows are 2.2·1023 s-1 for inner target and 1·1023 s-1 for outer 

one.The return flow of nitrogen from inner to outer divertor is provided by neutral flux under 

the dome. 
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 For the case with low pumping and higher density of outer divertor plasma (dashed 

lines in Fig. 1) lower nitrogen density in upper SOL is observed. The increase of main ion 

density leads to smaller temperature in the divertor and therefore better retention of particles, 

both in accordance to model described in [1] (increase of the friction force) and due to 

decrease of drift velocity. Since the pumping is from the outer divertor, the better retention of 

impurity there leads to increase of pumping efficiency and to the overall plasma clean-up. For 

smaller pumping the nitrogen density is smaller in the near SOL and at the same time bigger 

at the outer divertor strike point, Fig. 6(d). The overall amount of ionized nitrogen in the SOL 

above X-point is 2.4·1017 for low pumping and 4.4·1017 for high pumping. 
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Fig. 6. (a) Sketch of poloidal fluxes of nitrogen in SOL ; (b) distribution of nitrogen poloidal fluxes at the inner 

and the outer divertor target; (c) distribution of nitrogen density at the inner and outer divertor target; (d) 

poloidal distribution of the nit rogen density in SOL for low and high pumping 

Conclusion. 

The transport of nitrogen impurity ions in SOL and PR is analyzed. Distribution of the 

parallel velocity of nitrogen ions is mainly determined by the balance of friction and thermal 

force, impact of the BE


  drift velocities is also significant in the near SOL and in PR. 

General direction of the ionized nitrogen transport in SOL and PR is towards the inner 

divertor, where good retention of nitrogen is observed. In the outer divertor region there is a 

leakage of the nitrogen due to thermal force and drift fluxes impact. The nitrogen flux patterns 

in SOL and PR are complex and to reproduce them the numerical modeling is necessary. 
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