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The divertor dome can alter the closure of the in a tokamak, thereby affecting impurity shielding, particle exhaust, 
and divertor detachment[1–6]. The position of the dome in private flux region must be optimized in such a way: 
it is sufficiently 'open' to improve particle exhaust while also being adequately 'closed' to improve impurity 
shielding[7]. Additionally, the E×B drift can influence particle exhaust and divertor recycling[8]. However, in 
large-scale devices, the mechanisms of the dome effect on divertor plasma with impurity seeding under drift 
conditions remain unclear. In this work, the SOLPS-ITER code package is used to investigate the impact of domes 
on divertor detachment with Ne seeding considering E×B drift. Simulations are conducted for three different dome 
configurations—reference, small, and no dome—comparing cases with and without E×B drift. The D+ density 
(nD+) at core-edge-interface (CEI) is fixed 5× 1019/m3 and input power is set to 200MW. The various 
configurations are illustrated in Figure 1. Ne seeding rate ranges from 0 to 5×1020/s. It has been found that the 
dome significantly impacts divertor detachment, particularly in the far SOL region of the divertor. In absence of 
a dome, neutral particles diffuse more easily into the SOL, which reduces electron temperature (Te) in the far SOL, 
see Figure 2. This observation contradicts the common understanding that increased divertor closure contributes 
to detachment. The reason for this discrepancy lies in the fact that, for large devices, the absence of a dome 
facilitates neutral particle diffusion into the far SOL, increases the plasma wetted area, density decay length and 
radiation, thereby promoting detachment. In traditional designs, the benefits of divertor closure arise from the 
limited spatial scales of medium and small devices. In contrast, CFETR's dome-free configuration achieves more 
efficient detachment by harnessing the natural physical processes (e.g., neutral particle diffusion and 
recombination) at an amplified scale. When considering the E×B drift in forward Bt (where B×𝛻B point to X-
point), the drift has a more pronounced effect on plasma in ID than in OD with a dome. In cases without a dome, 
achieving plasma detachment in the divertor regions is more feasible in reversed Bt, as illustrated in Figure 3. 
Regardless of increased impurity seeding rates or the influence of drift effects, the dome suppresses neutral particle 
diffusion into the outer divertor SOL, thereby mitigating the impact of drift and impurities on plasma in the OD. 
Furthermore, the radial drift consistently plays a critical role in divertor plasma behavior. However, when impurity 
seeding rates are extremely high, configurations without a dome permit a greater influx of impurities into the core 
plasma, increasing the risk of discharge disruption. In the future, the dome design should balance between being 
sufficiently open to enhance far SOL radiation and remaining adequately closed to prevent impurity particles from 
contaminating the core. A comprehensive understanding of how domes influence plasma detachment and impurity 
shielding under drift effects in large-scale tokamak devices is essential for enabling long-plus steady-state 
operation of future fusion reactors. 
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Figure 1 Sketch of computational grids with reference dome, small dome and without dome. 

 

Figure 2 Profiles of (a, b) ne and Te (c, d) along (a, c) OMP or (b, d) OT with various dome configurations. The 
puffing Ne rate is 1.0×1020/s. 

 

Figure 3 Profiles of Te along the OT in (a) reference, (b) small, and (c) absence dome configurations, with E×B 
drift in forward/reversed Bt or without drift. The puffing Ne rate is 1.0×1020/s. 
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