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Effects of Turbulent Temperature Fluctuations on Radiative Properties of Tokamak Edge and Divertor Plasmas
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The effect of turbulent temperature fluctuations on radiative losses in tokamak edge and divertor plasmas is investigated. The results are presented for total radiative losses of injected lithium and intensities of hydrogen spectral lines (H-α и Ly-α). H-alpha is the main line used in plasma spectroscopic diagnostics of edge and divertor plasmas including the conditions of tokamak-reactor (ITER). It can be used for measurements of plasma isotope abundance, temperature and other plasma parameters. The injection of neutral lithium in edge plasmas is one of the promising trends of controlling the thermal loads on the first wall in modern tokamaks. The turbulent temperature fluctuations are described by diffusion equation with fluctuating convection [1, 2]. The general effect is connected with turbulent mixing of radiative losses from low and large temperatures regimes. It can result in dramatic increase of both radiative losses and luminosity of spectral lines for relatively large temperatures (1-5 for lithium, 3-30 for hydrogen) typical for edge and divertor plasmas. The total radiative losses in edge tokamak lithium plasmas are calculated within the framework of the generalized model which takes account of the basic features of edge plasmas at low temperatures (Те<10 eV) and typical densities of 1013 cm-3: 1) particle transport due to injection of neutral lithium which limits its life-time in plasmas, 2) radiation trapping due to high optical density of resonance lines and 3) deviation from the coronal equilibrium due to increased rates of cascade ionization and recombination. The combined effect of transport and turbulence results in the flattening of the radiative losses profile over temperature or minor radius. The luminosity of the H-alpha line in turbulent edge and divertor plasma is analyzed in details. The kinetic radiative-collisional model [2, 3] is applied for the calculations of atomic level n=3 populations at different electron temperatures and densities. A difference between the cases with and without turbulent fluctuations is discovered. The effect is of interest for calculation of power balance and spectroscopic diagnostics of tokamak edge and divertor plasmas.
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