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DEMO-FNS is a tokamak-based fusion neutron source project being developed in Russia 

[1]. It employs a symmetric double-null divertor configuration. The principal parameters are 

R = 3.2 m, a = 1 m, elongation  = 2, fusion power ~ 40 MW, Q ~ 1. Issues of energy removal 

from DEMO-FNS were considered in [2], [3] in the “closed box” [4] approximation where the 

external sources and sinks of the particles, such as gas puffing and pumping, are essentially 

neglected. In the present paper, we consider particle balance in the edge plasma, in particular, 

for helium that is the intrinsic reaction product, taking into account the realistic pumping speed, 

gas puff and He production rate. We use the SOLPS4.3 code suite [5] for 2D modelling of the 

edge plasma transport in the realistic geometry of the double-null magnetic configuration. The 

plasma consists of the D (representing both D and T), He and Ne ions and atoms, and the D2 

molecules as well.  

Modelling [3], [6], [7] has shown that impurity seeding can cause up-down asymmetry in 

a symmetric double-null configuration. The effect is attributed to the radiation-condensation 

instability (RCI) [8], which drives the particles (especially, the impurity) towards one of the 

divertors, making it colder and the other one correspondingly 

hotter. This results in a paradoxical reaction: in some range of 

the plasma density, the peak power loading of the hotter 

divertor target qpk becomes increasing with the increase of the 

fuelling rate, thus making divertor control difficult. Fig. 1 

shows the variation of the acceptable range of the density 

(characterised by the average neutral pressure in the divertors 

pn), where ⁄ < 0, with the SOL input power PSOL and 

the total number of the Ne particles outside the separatrix NNe 

found in [3]. 

In the present work, we take the same data set as plotted 

in Fig. 1 as the initial conditions and add two modifications. 

First, instead of specifying the total number of D particles in 

the system, we introduce the realistic total pumping speed Sp = 

15 m3/s [9] (symmetric pumping from the Private Flux Region (PFR) of the upper and lower 

divertors). We control the density level pn and NNe by adjusting the gas puffing rate for D and 

Ne (puffing at the outer mid-plane), and the neutrals penetrating to the core are returned back 

Fig. 1. qpk vs. pn for neon-seeded, 
helium-free DEMO-FNS plasma 
for different  
NNe ((02-10)·1018) and PSOL (20-
40 MW). The pn extent of each 
curve corresponds to the 
acceptable density range [3]. 
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as the plasma ions (a feedback-based boundary condition). Secondly, we introduce helium that 

is born in the fusion reactions in the plasma core. Its flow from the core is the sum of the fusion 

production and the neutral penetration (recycling in the core). We assume that He is removed 

with the same pumping speed Sp. 

Fig. 2 shows the helium-related plasma parameters at the separatrix. The relative He 

concentration cHe_sep = (<nHe>/<ne>)|sep forms the boundary condition for the He density in the 

core model. The neutral He influx across the separatrix into the core 0_He_sep characterizes the 

He ion source related to He recycling in the core. The separatrix-average electron density is the 

boundary condition for the plasma density in the core model [10]. A simplistic estimate made 

on the assumptions of zero cHe_sep and 0_He_sep yields the average He concentration in the core 

plasma cHe_core ~ 0.4% [3]. Given the average plasma density in the core <ncore> ~ 8·1019m3 

[3], one can see that the contribution of cHe_sep to <ncore> is comparable to, or even higher than 

the direct effect of the fusion reactions. Indeed, He transport at a low He concentration in the 

plasma is nearly linear, so the separatrix value of the He density simply adds to the core-

produced part [11]. The He neutral influx across the separatrix, which forms an extra ion source 

in the core, can also be comparable with the primary He source in the fusion reactions, Fig. 2b. 

However, since these ions are born at the edge, their contribution to the He density in the core 

should be less important (although this depends on the detail of He transport in the core). 

Anyway, the definite judgement on the effect of the edge on the He contamination of the core 

plasma in DEMO-FNS can only be made after integrated modelling studies with He included.  

 

       
Fig. 2. Relative He concentration (a), He neutral influx (b) and electron density (c) at the separatrix vs. pn 

for different values of NNe ((02-10)·1018) and PSOL (20-40 MW). The primary He flux He_fus corresponding to the 
fusion power is indicated in (b) with the dashed line. 

 
One of the would-be advantages of the symmetric double-null divertor configuration was 

supposed to be more efficient pumping that could be performed from the two divertors 

simultaneously. The pumping speed Sp = 15 m3/s assumed in this study is the sum of the 

pumping speed of the two separate pumping systems located in the lower and upper divertors. 

However, break of the up-down symmetry caused by the RCI makes the pumping less efficient. 

Fig. 3 shows the asymmetry of the neutral pressure – that is, the ratio of the corresponding 

neutral pressure in the hotter divertor to that in the colder one. One can see that in most cases, 

(a) (b) (c) 
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the neutral pressure in the hotter divertor is much lower than in the colder one, especially for 

the He neutrals. This means that nearly all the pumping happens from one (colder) divertor 

only, whereas the throughput to the pumps connected to the other (hotter) divertor is effectively 

blocked. Anyway, the total fuel particle throughput, as can be estimated from the neutral 

pressure and pumping speed, in these conditions should be ~ 30-75 Pa·m3/s ~ (1.5-4)·1022 

particles per second, which is consistent with the estimates from [9]. 

 

       
Fig. 3. Up-down asymmetry factor (the ratio of the value in the hotter divertor to that in the colder one) for the D 
(a) and He (b) neutral pressure in the PFR.  

 

            
Fig. 4. Peak power loading of the target in the hotter divertor (a) and up-down asymmetry factor for the peak 
power loading (b). 

 
Our original intention was producing the scalings for the interface plasma parameters, 

which could be used as the boundary conditions for the core model in order to study the effect 

of the pumping conditions on the operational window of the whole machine, like it was done 

(a) (b) 

(a) (b) 
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in [3], [11]. Unfortunately, we are not yet in the position to do this. Fig. 4 shows the behaviour 

of qpk in terms of the maximum loading and up-down asymmetry factor. One can see that 

addition of helium and introduction of more realistic pumping conditions change the range of 

pn where ⁄ 	< 	0 (cf. Fig. 1), which is required for efficient divertor control. This 

stresses once more the unstable nature of the symmetric double-null divertor configuration. 

Therefore, a broader variation of pn is necessary to determine its correct range and to produce 

the scalings, and this work is under way. 

In conclusion, we show that the pumping conditions in DEMO-FNS cannot be neglected 

in estimating the He level in the core plasma. The proper study of their effect can only be 

performed with an integrated model that includes the edge modelling results as the boundary 

conditions for the core. The radiation-condensation instability (RCI) makes the edge plasma in 

the symmetric double-null divertor configuration up-down asymmetric. This results in a large 

difference in the power loading between the upper and lower divertors and leads to effective 

de-activation of pumping from the hotter divertor. The presence of the RCI makes the 

symmetric double-null divertor configuration more sensitive to minor changes in the model, in 

contrast to the single-null configuration (e.g., ITER). Note that the drifts absent in our present 

model can also have a strong impact [12]. 

Given the abovementioned complications, the would-be advantages of the double-null 

configuration for DEMO-FNS should be re-assessed and the choice between the single-null 

and double-null configurations should be re-considered. 
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