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Abstract. Several dynamical processes may induce considerable Lorentz forces in atmospheres
of mCP stars, thus modifying the hydrostatic structure of their atmospheres. This modification
can be seen as characteristic rotational variability of certain spectral features such as hydrogen
Balmer lines. In this work we present the first results of modeling the magnetic pressure effects
in atmospheres of mCP stars in the framework of model atmosphere analysis with accurate
treatment of microscopic properties of atmospheric plasma. We show that at least part of the
rotational variability of hydrogen lines seen in high-resolution spectra of mCP stars could be
attributed to the non-zero electrical currents flowing along stellar surfaces.
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1. Introduction
Magnetic chemically peculiar (mCP) stars display the presence of stable large-scale

magnetic fields. The slow evolution of these magnetic fields (as well as other dynamical
processes) may induce considerable electric currents, thus modifying the pressure balance
of stellar atmospheres via the induced Lorentz forces. These forces can be detected ob-
servationally analysing the pressure sensitive spectral features like hydrogen lines (Kroll
1989). Here we present the study of hydrogen lines variability in two mCP stars θ Aur
and 56 Ari within the framework of model atmospheres with magnetic pressure included.

2. Model predictions
To model the variation of the Balmer line profiles, we follow the approach outlined

in Shulyak et al. (2007); Valyavinet al. (2004). The hydrostatic equation of stellar atmo-
sphere in the presence of the magnetic pressure can be written as:
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where cn–the effective e.m.f. generated by the n-th magnetic field component at the
stellar magnetic equator and Bθ is the horizontal field component. λ⊥ is the plasma
conductivity across magnetic field lines and P 1

n (μ) are the Legendre polynomials.
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Figure 1. Standard deviation around Hβ and Hγ lines of θ Aur (left panel) and 56 Ari (right
panel) obtained under different assumptions about the direction of the Lorentz force.

Table 1. Main stellar and magnetic field parameters of θ Aur and 56 Ari. Here i–inclination
angle, β–magnetic obliquity, Bd –polar strength of the dipole component, cq/cd –relative strength
of induced e.m.f.

Teff log g i◦ v sin i β◦ Bd kG Bq/Bd cq/cd

θ Aur 10 400 3.6 51 55 78 1.4 −2 2.5
56 Ari 12 800 4.0 70 160 82 1.3 0 0

We applied the LLmodels stellar model atmosphere code (Shulyak et al. 2004) to
compute λ⊥ and magnetic pressure for each rotational phase of the two stars according
to Eq. 2.1. The methodology of analysis are summarized as follows:
• Finding stellar parameters from photometric and spectroscopic data available.
• Determination of magnetic field geometry via analysis of available magnetic mea-

surements.
• Verifying the effect of inhomogeneous surface distribution of chemical elements.
• Model atmosphere calculations with Lorentz force included for each rotational phase

adjusting values of induced e.m.f. to match observed amplitude of standard deviation.
Table 1 lists the best fitted parameters used for modeling the Lorentz force effects in

atmospheres of θ Aur and 56 Ari. Substantial errors in observations of the magnetic field
variation found for 56 Ari did not allow at present to model magnetic field geometry
other than dipole.

The best fit to the amplitude of the observed variations was obtained with c1 =
1× 10−10 CGS (inward-directed force) and c1 = 1× 10−11 CGS (outward-directed force)
for θ Aur and c1 = 5 × 10−10 CGS (inward-directed force) and c1 = 7.5 × 10−11 CGS
(outward-directed force) in the case of 56 Ari.
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