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Future fusion reactors will operate at high neutral opacity, which will strongly limit the 

influence of neutrals to penetrate inside the separatrix. In current day devices, which tend to 

operate at opacities a factor 10 lower than those expected in ITER, part of the pedestal density 

steep gradient can be attributed to direct ionization of neutrals. As such, an important question 

for ITER and future reactor devices is whether there still will be a density pedestal, when 

direct ionization effects become negligible. In this paper, we will show experimentally that 

operation at high neutral opacity is compatible with a steep density pedestal structure. 

Experiments on DIII-D and C-Mod ranging in opacity, captured by 𝑛 × 𝑎, with 𝑛 the electron 

density and 𝑎 the minor radius, range from 1.5 × 1019  to 7 × 1019 . The highest reached 

opacity values are only a factor 2 smaller than those expected on ITER and at these opacity 

values we did not find a degradation the pedestal density structure. We find that the neutral 

concentration as measured by the 𝐷𝛼 from the filterscopes and modelled with SOLPS-ITER 

decreases inside the pedestal structure with increasing opacity and increasing pedestal 

density. Transport analysis using the fingerprint model for DIII-D indicates that the pedestal 

region inter-ELM is in an MTM or ETG unstable regime, both of which have only a small 

contribution to the overall particle flux. Moreover, in DIII-D we observe for the first time in 

H-mode an up-down asymmetry in the electron density on closed flux surfaces. This 

asymmetry has been predicted by neoclassical simulations and will affect the turbulent 

transport and pedestal stability. In C-Mod the transport is characterized by the quasi-coherent 

Enhanced  𝐷𝛼 mode at the separatrix. SOLPS-ITER simulations along with analysis of the 

fluctuation measurements will provide a unique insight into the structure of the pedestal 

density structure when the influence of neutral ionization is strongly reduced. 
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