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Abstract: We develop a new analytical model describing the radiative and dynamical structure
of an accretion-powered X-ray pulsar (XRP), including relativistic effects and a detailed
representation of the rotational and magnetic geometry of the neutron star and the two accretion
columns. The model provides, for the first time, a simultaneous calculation of both the phase-
averaged spectrum and the pulse profile for an accretion-powered XRP that can be used to
analyze observational data.

The X-ray continuum spectrum is calculated using the analytical model of P. A. Becker and M. T.
Wolff, which assumes a conical accretion column geometry. The trajectory of the radiation is
tracked through the curved spacetime surrounding the neutron star using the Schwarzschild
metric. The angular distribution of the radiation escaping from the surface of a column (the
beaming pattern) is represented using a set of “laser-like” emission directions, with associated
amplitudes, called weight coefficients, that determine the contributions of the corresponding
“subprofiles” to the observed pulse profile. The subprofiles provide basis functions that are used
to fit the observed pulse profile. The resulting set of weight coefficients determines the beaming
pattern of the emission from the accretion column.

We use the new model to analyze NuSTAR data for Her X-1, which allows us to determine the
temperature, accretion rate, and magnetic field strength, as well as the inclination angle of the
neutron star’s spin axis and the rotational latitudes of the two magnetic poles. The procedure also
yields the beaming pattern of the emission, thereby providing, for the first time, a self-consistent
phenomenological description of the physical and radiative structures of the two accretion
columns.
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