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I. Introduction

The AM Her systems are widely believed to be cataclyamic
var.able systeres in which the white dwarf has 8 magnaetic
field strong enough to lock the white dwarf to the companion
sntar. The magnetic field channels the accretion £flow to the
magnetic polar caps of the white dwarf where the gas passes
through @ strong shock and che accretion energy is released.
The contiruum spectra of the AM Her systess have three major
components: the IR/optical component, the EUV/soft X-ray
component, and the hard X-ray component. Modele of the AM Her
eystems generally agree that the hard X-rays are free-free
radiation exitted by the hot postshock gas end that the
opticeal component is electron cyclotron exission from the
poatahock gas. The soft X-ray corponent 3s less well
underetood, primarily because 1t is very acit (temperature
less than 100 eV) and thue ia very zdifficult to measure
accurately with current inetrurents. Mcidels agree that some
soft X-ray emimsion will arise fror hard X-rays and cyclotron
radiation that is absorbed ~{ the stellar surface and
re-radiated, but other sourcea of aoft ¥X-reya have also been
asuggested. Thue it ie important to develop models for the
soft X-ray spectrum. This paper presents some preliminary
resulte on the exnission in all spectral bands beaed on
numerical models of the accretion flow.

tI. The Fodel

The first requirement in calculating the spectrum of the
system ia to know the run of temperature and densiity in the
accretion flow. Thie i2 obtained by sclving the steady state
flow eguatione ueing & numerical hydrodynamice code. The code
includes all the ugual hydrodynamic terms and also an
approximate treatment of the absorption and emission of
raodiation. This allows the flow to come into radiative
equilibrium as it eettles onto the surface of the white dwarf
and thue neturally includes the reprocessed soft X-raya. The
cyclotron emiseion is treated by aseuming that the epectruna
is Rayleigh-Je&na up to some cutoff frequency and zerc above
that. The code then keepe track of the cutoff frequency and
uses changes 1In it to estimate the cyclotron losses. The
cooling by free-free radiation in the upward direction ie
estisated wusing an escape probability and in the downward
direction the radiative transfer eguation 4is @&oclved on a
eingle ray using an estimate of the mean energy of the
radiation to compute an opacity. The radiative heating by
absorbing the soft X-rays emitted at the surface iz also
included. All three of these radistion terme uae single
freguency and direction approximatione &0 they are not
terribly accurate. However, adjustable conetanta {(such ae an
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Eddington factor) arz included so0 that an iterative
improvement based on & =more accureste radiative transfer
solution can be obtained.

The model described o far is capable. at beet, of only
a cride eatimation of the propertiea of the apectrur and
directivity of the radiation. Thue & geeparate radiation
transfer saolution is obtained using the temperature and
density etructure calculated by the hydro ccde. The radiation
is evaluated using an exact aoclution of the transfer equation
at a s8et of discrete frequenciee and angles. The result is a
freguency and angle dependent intensity as well as the net
radiative losses at all deptha in the problem. Another
version of this tranafer code includes the polarization
depenedence of the cyclotron radiation, but no results with
polarization will be presented here.

1I1. Resuits

Figure 1 B8hows the energy flux as a function of
frequency for several angles relative to the magnetic field.
The calculation ia made using a white dwarf with a mass of
0.5 Mo, a radius of 109 cr, a polar cap temperature of 5x105
K, and a magnetic field of 1.5%107 Gause, The accretion rate
is 2x1016 gmn/s over a polar cap area of 101¢ cm2. The shock
height ie 5x107 c» and the shock teaperature is 1.5x10% K. 1In
this calculation the geometry ia planar, slthough the code
can also handle dipolar geometry. The three spectral
components are all obvioua. The cyclotron spectrum, as
expected, shows a y2 ahape with a sharp cutoff at high
freguency. The soft X-rays are bessically a blackbody and the
hard X-rayso have the spectrum of optically thin
bremastrehlung. The s8oft X-rayes and the cyclotron apectrun
bhelow the cutoff show the co::.3) projected area effect
characteristic of optically thick surfeoces.

Figure 2 ahowa the cyclotron spectrum in more detail. At
different viewing anglea the spectrum peaks at different
frequencies. For moet anglea the peak is in the optical, but
when viewed directly along the nagnetic field it cuts off in
the IR. The surfaces of the white dwarf and the red dwarf
companion will alao emit optical radiation, but that 1is not
included here. Figure 3 <4showe the engular dependence at
neveral frequenciea. The prijected area factor of cos(6) has
been divided out 8o that che angular effects of the cyclotron
opacity can be &een directly. Clearly these effects are
strong enough that any prediction of eclipse light curves
must take them into accountc.

The soft X-ray epectrum and the angular dependence of
this model 1ie not particularly interesting. When the opacity
nodel 18 improved to include atomic opacity the soft X-rays
will start to mhov some interesting apectral structure.

The herd X-ray spectrum is shown in more detail in
Figure 4. The emitting region te optically thin to hard



X-rays, but the spectrum is not a simple exponential because
there is a range of temperatures in the emitting region. Thea
hard X-ray flux is independent of angle because the emitting
region is optically thin.

I¥, Conclusions

This paper has presented e combines hydrodynamicse and
radiative tranafer model for the spectral and angular
dependence of the AM Her atars. The model treata the region
near the photosphere more accurately than earlier work. The
spectrum and the angular dependence is exact given the
density and temperature structure calculated by the hydro

code. The resulta are in good agreeaent with earlier
calculations that made different approximatione and extend
those results. The nmodel can be improved by including

additional effecta such as atoric opacity &and & more accursate
calculation of the radiative losses in the hydro code. Any
attempt to depart from the 1D geometry used in this model
will introduce many new problems and greatly increase the
computational requirements, which fortunately are almost
negligible for the current model.
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Guosernment Neither the United States Government nar 2ay agency theseol, nor any of then
employess, makes apy wartanty, express or implicd. or assumes any iegal liability or responsi-
hilits fur the accucacy, completeness, of usefulness of any information, apparatus. product, or
prowess disclosed, ar represents that its use wauld not infringe privately owned rights. Refer-
ence herem 1o any specific commercial product. process, or service by trade aame, trademark.
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