Tokamak edge transport studies using linear plasma devices 
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Detached divertor regimes in modern tokamak devices (ITER) show richness in plasma chemistry not otherwise encountered in fusion research. The far scrape off layer also shows pronounced 3D transient intermittent plasma fluctuations. At least with respect to these two (amongst others) complexities present fusion edge plasma (divertor) “design’’ codes, are significantly lacking in detail. Linear magnetized plasma devices seem to permit addressing these issues more systematically than in tokamak configuration, both experimentally and also computationally. For this reason also the main current edge transport code for the ITER divertor design, B2-EIRENE has been employed for PSI-2 linear plasma device for more than 10 years [1], very recent applications are summarized in [2]. It has become clear from these that great care is needed not to overrate the validity of  the B2 fluid plasma transport model in such open ended devices.
Since the early modeling studies (carried out when PSI-2 was still operated in Berlin) the hydrogen chemistry options in EIRENE have been significantly further developed. This now allows, amongst others, to include vibrationally resolved molecular states, their transport and important dissociation processes proceeding via intermediate molecular ions. It also provides molecular contributions to hydrogen side on spectra. Within the present model the role of transport effects relative to chemistry (collision kinetics) can be separated computationally and the latter can be verified or disproven experimentally by direct comparison with spectroscopy.  We present the current status of those features of PSI-2 modeling, which go beyond what was available in [1].   
In order to quantify the possible role of strong transient effects such as 3D plasma fluctuations, which might be anticipated to play a role in PSI-2 also on recycling and impurity transport, the EIRENE code has been equipped with a “brute force” Monte Carlo method to incorporate synthetic plasma turbulence via a statistical parameterization of the fluctuations. Verification using reduced models, in which analytical solutions for linear transport of neutrals in stochastic plasma backgrounds could be obtained, has been carried out. It indicates that in particular the penetration of (slow) molecules into a typical PSI-2 plasma might be different from expectations based on  time and space averaged solutions. The possible role of intermittent plasma fluctuations on neutral gas transport in PSI-2 with the EIRENE code will be discussed as well as possible consequences for far scrape of layer (main chamber recycling) transport in fusion reactors.  
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