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Abstrat. We study equilibrium properties of partially ionized hydro-

gen atmospheres and subphotospheri layers of weakly (with magneti

�eld B � 10

9

G) and strongly (B � 10

10

G) magnetized neutron stars.

In both weak- and strong-�eld ases, the ionization degree, atomi ou-

pation numbers, and equation of state are alulated. These results are

used to alulate opaities of neutron-star atmospheres.

Our study is aimed at onstrution of reliable atmosphere models and in-

terpretation of the soft X-ray thermal emission of neutron stars with hydrogen

atmospheres. Partial ionization, whih ours at temperature T

�

< 10

5

K in the

weak �eld and at T

�

< 10

6:5

K in the strong �eld, a�ets the equation of state

(EOS) and opaities. We study these e�ets using the \hemial piture" of the

plasma (e.g., Saumon, Chabrier, & Van Horn 1995). At B = 0, we �nd a good

agreement with the OPAL data (Iglesias & Rogers 1996).

The motion of harged partiles in a magneti �eld is quantized into Lan-

dau orbitals. Free eletrons are on�ned to the ground Landau level at temper-

atures T � T

B

� 10

5:5

 K and densities � < �

B

� 0:809 

3=2

g m

�3

, where

 � B=(2:35 � 10

9

G) is the eletron ylotron energy in atomi units. In

addition, the strong magneti �eld ( � 1) drastially modi�es the quantum-

mehanial properties of hydrogen atoms and moleules. Thereby it a�ets the

thermodynamis and radiative transport in the plasma.

Ionization equilibrium of hydrogen in strong magneti �elds was previously

disussed by Gnedin, Pavlov, & Tsygan (1974), Khersonskii (1987), and Lai &

Salpeter (1997). In our work, however, the modi�ations of atomi properties

aused by thermal motion of the atoms aross the �eld are properly taken into

aount for the �rst time. Namely, we use the results of quantum-mehanial

alulations (Potekhin 1994, 1998) for a hydrogen atom in an arbitrary state of

motion in the strong magneti �eld. Details of our alulation of the EOS are

published elsewhere (Potekhin, Chabrier, & Shibanov 1999). Sine the hemial

piture provides atomi oupation numbers, it allows one to alulate the total

opaities as a ombination of the previously obtained opaities of the fully ionized

plasma (Pavlov et al. 1995) and the absorption oeÆients due to the bound-

bound (Pavlov & Potekhin 1995) and bound-free (Potekhin & Pavlov 1997)

transitions. The �gure illustrates the importane of the two latter omponents

at the density, temperature, and magneti �eld values typial for an atmosphere

of a middle-aged pulsar.
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Figure 1. Role of the neutral fration in a typial neutron-star hy-

drogen atmosphere at B = 2:35� 10

12

G and T = 3:16� 10

5

K.

Left: density dependene of atomi (solid line) and moleular (dot-

dashed line) fration, ompared with a simpli�ed approximation of

Lai & Salpeter (1997, dotted line). Right: monohromati opaity

at � = 0:1 g m

�3

(solid line) for the polarization parallel (k) and per-

pendiular (?) to the magneti �eld. Shaded areas show ontributions

from bound-bound (b-b) and bound-free (b-f) radiative transitions.

The dot-dashed line marks the proton ylotron resonane. On both

panels, dashed lines orrespond to the zero-�eld ase.
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