Observation of non-Maxwellian electron distributions in the NSTX divertor*
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A single Maxwellian distribution is the basis for the fluid approach to modeling scrape-off layer (SOL) plasmas.  Recent research is indicating that kinetic effects in the SOL may be significant enough to call this approach into question[1-4].  Classical Langmuir probe interpretation also assumes a single fluid and is expected to be sensitive to the tail of the electron distribution and could yield results characterized by a tail population.  Derived quantities, such as the sheath heat transmission coefficient (SHTC), would be affected by such tail populations as a result[5].  Non-local probe theory indicates a new interpretation method making calculation of the distribution function in the tokamak edge possible[5].  This method is applied to the divertor Langmuir probes of NSTX and non-Maxwellian distributions are found to result from the analysis.  The inferred distributions contain a cool, bulk population and a hot electron tail with temperature ratios of Th/Tc~4, corroborating earlier modeling[3]. The temperature derived from the classical interpretation is similar to the tail population indicating an over-estimation of the plasma temperature.  Comparison with spectroscopic signals indicates densities and temperatures consistent with the bulk population derived with the non-local probe interpretation.  Usage of the bulk plasma temperature results in values of the SHTC consistent with classical theory whereas the classical interpretation for Te results in values below the theoretical minimum of ~5.  Interpretative modeling using the OEDGE code suite[7] is applied to NSTX using the Langmuir probe measurements.  Progress of simulation and modeling of the electron transport for comparison with the observed, non-Maxwellian distributions will be reported.  Initial results indicate that a velocity-dependent Krook model for non-local electron transport[8] can reproduce the bi-modal distribution temperatures observed with the Langmuir probes.
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