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In this study, we present an approach for the precise determination of edge plasma density profiles in the
KSTAR tokamak, leveraging Bayesian inference and Gaussian process regression techniques in conjunction
with atomic data. The methodology relies on a collisional radiative model that captures the interactions be-
tween neutral deuterium beam atoms and plasma constituents. This model, built upon atomic cross-sections
and rate coefficients, enables the representation of D-alpha line intensities as functions of plasma density. The
hydrogen beam emission spectroscopy (H-BES) diagnostic, with its 16 radial and 4 poloidal channels offering
˜1 cm spatial resolution, provides high-resolutionmeasurements of Doppler-shifted D-alpha emissions. The in-
corporation of poloidal measurement channels and the assimilation of equilibrium data significantly enhance
the precision of radial density profile estimations. Gaussian process priors are employed to model the density
profiles, and the posterior distribution is investigated using Markov Chain Monte Carlo (MCMC) methods.
The integration of H-BES measurements with data from two-color interferometry and Thomson scattering
enables the simultaneous estimation of edge plasma density profiles and the calculation of an absolute cali-
bration factor. The successful application of Bayesian inference and Gaussian process density profile prior,
coupled with the utilization of atomic data in the collisional radiative model, represents a significant advance-
ment in plasma diagnostic capabilities. This development enables more accurate and reliable edge plasma
density profile estimations, which are crucial for understanding edge plasma physics in KSTAR tokamak.
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