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I. Introduction 

The AH Her systems are widely believed to be cataclysmic 
variable systems in which the white dwarf hae a magnetic 
field strong enough to lock the white dwarf to the companion 
fctor. The xtegnetic field channels the accretion flow to the 
magnetic polar cap* of the white dwarf where the gae passes 
through a strong shock and the accretion energy is released. 
The contir-uum spectra of the AM Her systems have three major 
component©: the IR/optical component, the EoV/soft X-ray 
component* and the hard X-ray component. Models of the AM Her 
systems generally agree that the hard X-rays are free-free 
radiation emitted by the hot postshock gas and that the 
optical component is electron cyclotron emission from the 
poetahock gas. The soft X-ray component A«s less well 
understood, primarily because it is very ecxt (temperature 
less than 100 eV> and thus is very difficult to measure 
accurately with current instruments. Models agree that some 
soft X-ray emission will arise fror. hard X-rays and cyclotron 
radiation that is absorbed «t the stellar surface and 
re-radiated, but other sources of soft X-rays have also been 
suggested. Thue it is important to develop models for the 
soft X-ray spectrum. This p?per presents some preliminary 
results on the emission in all spectral bands based on 
numerical model* of the accretion flow. 

II. The Kodel 

The first requirement in calculating the spectrum of the 
system is to know the run of temperature and density in the 
accretion flow. This is obtained by solving the steady state 
flow equations using a numerical hydrodynamics code. The code 
includes all the usual hydrodynamic terms and also an 
approximate treatment of the absorption and emission of 
radiation. This allows the flow to come into radiative 
equllibrlum as it settles onto the surface of the white dwarf 
and thus naturally includes the reprocessed soft X-rays. The 
cyclotron emission is treated by assuming that the spectrum 
is Reyleigh-Jeana up to some cutoff frequency and zero above 
that. The code then keeps track of the cutoff frequency and 
uses changes in it to estimate the cyclotron losses. The 
cooling by free-free radiation in the upward direction is 
estimated using an escape probability and in the downward 
direction the radiative transfer equation is solved on a 
single 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 is also 
included. All three of these radiation terms use single 
frequency and direction approximations so they are not 
terribly accurate. However, adjustable constants (such as an 

*This work was performed under the auspices of the U.S. Department of Energy 
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Eddington factor) ars included so that an iterative 
improvement baaed on a lore accurate radiative transfer 
solution can be ODtained. 

The model described so far is capable, at best, of only 
a cruae estimation of the properties of the spectrum and 
directivity of the radiation. Thus e separate radiation 
transfer solution is obtained using the temperature and 
density structure calculated by the hydro code. The radiation 
is evaluated using an exact solution of the transfer equation 
at a set of discrete frequencies and angles. The result is a 
frequency and angle dependent intensity as well as the net 
radiative losses at all depths in the problem. Another 
version of this transfer code includes the polarization 
depenedence of the cyclotron radiation, but no results with 
polarization will be presented here. 

III. Results 

Figure 1 shows the energy flux as a function of 
frequency for several angles relative to the magnetic field. 
The calculation is made using a white dwarf with ft mass of 
0.5 Ko, a radius of 10« cm, a polar cap temperature of 5x105 
K, end a magnetic field of 1.5xl0 7 Gauss. The occretion rote 
is 2 x l 0 * 6 gm/s over a polar cap area of 10*« cm2. The shock 
height is 5x10? en and the shock temperature Is 1.5x10* K. In 
this calculation the geometry is planar, although the code 
can also handle dipolar geometry• The three spectral 
components are all obvious. The cyclotron spectrum, as 
expected, shows a y£ shape with a sharp cutoff at high 
frequency. The soft X-rays are basically a blaekbody and the 
hard X-rays have the spectrum of optically thin 
bremastrahlung. The soft X-rays and the cyclotron spectrum 
below the cutoff show the co .9) projected area effect 
characteristic of optically thick surfeces. 

Figure 2 shows the cyclotron spectrum in more detail. At 
different viewing angles the spectrum peaks at different 
frequencies. For most angles t?ie peak is in the optical, but 
when viewed directly along the '*agnet.ic field it cuts off in 
the IR. The surfaces of the white dwarf and the red dwarf 
companion wil1 also emit optical radiation, but that is not 
included here. Figure 3 'dhows the angular dependence at 
several frequencies. The prjjected area factor of cost 6) has 
been divided out so that chc angular effects of the cyclotron 
opacity con be seen di rectiy. Clearly these effects are 
strong enough that an/ prediction of eclipse light curves 
Bust take them into account. 

The soft X-ray spectrum and the angular dependence of 
this model is not particularly interesting. When the opacity 
nodel I B improved to include atomic opacity the soft X-rays 
will start to show some interesting spectral structure. 

The hard X-ray spectrum is shown in more detail in 
Figure 4. The emitting region is 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. The 
hard X-ray flux is independent of angle because the emitting 
region is optically thin. 

IV. Conclusions 
This paper has presented a co»binefl hydrodynamics and 

radiative transfer model ior the spectral and angular 
dependence of the AM Her stars. The model treats the region 
near the photosphere more accurately than earlier work. The 
spectrum and thfc angular dependence is exact given the 
density and temperature structure calculated by the hydro 
code. The results are in good agreement with earlier 
calculations that made different approximations and extend 
those results. The model can be improved by including 
additional effects such as atomic opacity end a more accurate 
calculation of the radiative losses in the hydro code. Any 
attempt to depart from the ID 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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ence herein to an> specific commercial product, process, or scr/icc hy irade name, trademark. 
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, rccom-
mend.tuun. <ir favoring hy the United Slates Ciwernmcnl or any agency thereof The views 
and opinions of authors expressed herein do not necessarily stale or reflect those of the 
I iniled States Government or any agency .-hereof. 



I.. I * r 

- n 
CD 

51 

r ^ \ 

-^ 

i» 
// 

-• ez 
- 9 

i e - a 

1 5 

X 

•X) 

QJ 



n 
V*. 

11 
<5C 2J-

X 

> 4 

5 

^ i 

o' J 

XJ 

o c r 
-+ c 
o . 
o 

1 

\ 

n 

l 0 | 

!iz 

19353 



w 

6 

3- > 

u 

f 

^ 

ir. y 

CD 
J 1 

o 
U 

M 



X W ^ ^ 

_3 
1 / 

£ 

^ 

•j£. Z7~ Z J 
00* 

V - i 


