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Abstract. We present the results of modelling the 35-day superorbital changes
in the B and V lightcurves and X-ray flux of HZ Her/Her X-1. The model is
implemented in a computer program written in the C programming language,
with a module for parameter optimisation written in Python. The model in-
cludes a tilted precessing and warped accretion disc around a freely precessing
neutron star. The disc is warped near its inner edge due to interaction with
the rotating neutron star magnetosphere. The magnetic torque depends on the
precessional phase of the neutron star. The neutron star X-ray emission flux
also depends on the free precession phase, which modulates the X-ray illumi-
nation of the optical star’s atmosphere and the intensity of gas streams. We
demonstrate that this model is able to reproduce both the optical observations
of HZ Her and the behaviour of the system’s 35-day X-ray cycle.
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1. Model

The donor star shape is defined by an equipotential surface of the Roche poten-
tial. The effective temperature of the donor star varies across the surface due to
gravity darkening and X-ray irradiation. The disk in the model is warped and
tilted. The disk casts a complex X-ray shadow on the surface of the donor star.
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Figure 1. Relative B and V flux, with

dots representing the observations and

solid lines the theoretical light curves.

The numbers in the cells indicate a phase

interval in the 35-day cycle. Data in the

B band are shifted up 2 units with re-

spect to V data. The optimum theoretical

lightcurve for every phase is shown.
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Figure 2. Z is the angle between the

nodal lines of the inner and outer edges

of the disk. θin and θout are the angles

between the disk’s inner or outer edge

and the orbital plane. The solid line on

the first graph is the theoretical mag-

netic torqueKm acting on the disk’s inner

edge.

We suggest that the disk is warped mostly near the neutron star due to magnetic
torque. Near orbital phase 0.5 the disk passes in front of the donor star. We use
a ray-tracing technique to determine which parts of the star’s surface are ob-
scured by the disk. We have not yet modelled orbital phases near 0.0, when the
disk passes behind the donor star. The neutron star’s X-ray intensity is adopted
from Postnov et al. (2013). The neutron star is under free precession (Landau
et al., 1976) with a period close to 35 days. The code is free and available from
https://github.com/eliseys/discostar.
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2. Results

Here we show model parameters as a function of phase of the 35-day cycle and
light curves corresponding to the minimum of sum of squared residuals between
model and observations (Fig. 1). The most interesting result is that the angle
Z, which is a measure of the torsion of the disk, follows the theoretical magnetic
torque Km acting on the disk’s inner edge (Fig. 2, Z). The inner edge of the
disk tends to be close to the neutron star’s equator when the magnetic torque
reaches a maximum value (Fig. 2, θin), which was predicted by Lipunov et al.
(1981).
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