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We present the results of theoretical studies for the following three spectroscopic diagnostics of the ITER plasma: 1) passive diagnostics of the SOL and divertor plasma, based on the Balmer lines of the hydrogen isotopes, 2) charge-exchange recombination spectroscopy of impurity ions in the core plasma, and 3) Thomson scattering in divertor plasma. 

The mechanisms of the spectral line formation for the major lines of the Balmer series (alpha and beta lines) in a strong magnetic field in ITER (В = 2-5 Т) are investigated. We present the results of calculation of the spectral line shapes for various densities and temperatures, obtained with a new BALMER-SZDYN code which allows fast calculations in a wide range of plasma parameter variation along the observation chord. A comparison of the line shapes with the results from other codes is given and the impact of the thermal motion of the ions and atoms upon the line shapes is analyzed. The structure of the resulting line shapes of the D and T hydrogen isotopes is considered and a possibility of measuring the isotope contents in a tokamak-reactor plasma is discussed.
For the charge-exchange recombination spectroscopy, the possibility of amplification of the diagnostic signal from impurity ions by an additional laser illumination of the neutral hydrogen beam is investigated. An analysis of the cross sections of the charge exchange of hydrogen in the excited states with highly charged impurity ions of various charge Z, for a 100 keV particle beam energy, is performed. A new scaling law for the energy dependence of the charge exchange cross sections is obtained, which is in a good agreement with the respective results of the Monte Carlo modeling. It is shown that for the beam energy range under consideration, a substantial amplification of the impurity radiation signal can only be expected for the ions with Z > 20. The role of radiative-collisional cascades under condition of a selective population of the excited states of the impurity ions is discussed. The results are compared with the existing data on the effective (kinetic) cross sections of radiative transitions in the impurity ions. 

The background radiation in the spectral range of the Thomson scattering diagnostics in the ITER divertor plasma is calculated. The shape of the P7 Paschen spectral line which is located close to the laser scattering signal is calculated for all observation chords. Similar calculations are carried out for the continuum radiation background (Bremsstrahlung and radiative recombination). Data on the spatial distributions of the temperature and density of all plasma species, calculated with the SOLPS4.3 code for the reference scenarios of the ITER divertor operation, are used in the calculations presented here. 
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