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In order to calculate bremsstrahlung cross sections in plasmas, an
atomic potential which includes the effects of the surrounding plasmssis
rquired. For the high p - T conditions we are considering (ne = 10
cm °, T =500 eV), plasma correlative effects are important. In these
strongly coupled plasmas, the Debye-Hiickel potential is irrelevant and
not considered here. The statistical Thomas-Fermi (TF) potential
(Feynmann, Metropolis, and Teller, 1949) is known to be correct at very
high densities but does not contain correlation information. A
semiclassical treatment of correlations that accurately reproduces
results of numerical simulations of strongly coupled plasmas is the
hypernetted chain (HNC) approximation to the hierarchy of equations
describing density distributions (Hansen and McDonald, 1981). The
method generates many-body distributions using an analytic two-hody
interaction that successfully approximates quantum effects at short
distances. These distributions are used in the Poisson equation to find
the effective potential (Cauble, Blaha, and Davis, 1984). An
alternative method (Gupta and Rajagopal, 1982) of including correlations
is to treat them in a quantum mechanical manner, taking into account ion
correlations as well as electron exchange and correlation; this is done
in density functional theory (DFT), where electron wavefunctions and the
effective potential which is used here are obtained self-consistently
(Dharma-wardana and Perrot, 1982; Perrot and Dharma-wardana, 1984).
Comparison of these methods can be found elsewhere (Cauble, Gupta, and
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0% cm~3 and 500 eV are

Davis, 1984)., These potentials for aluminum at 1
displayed in Fig., 1.

Electron bremsstrahlung Gaunt factors are obtained from the three
types of potentials described above by three different atomic physics
methods (Pratt, 1983). The most sophisticated method is the multipole
relativistic partial wave expansion model, which has been used for
plasmas only recently (Feng, et al). The other two methods are much
simpler (and consequently require much less-computer time).- The Born—
Elwert form factor approximation, which is known to be best suited for
high energies, overestimates the Gaunt factors at low energies. On the
contrary, the classical mechanics approach (Lamoureux and Pratt, 1983),
which is not valid at high energies, is more appropriate in the low
energy range (see Fig. 2). As expected, the more screened the ion, the
smaller the Gaunt factor; thus the TF potential leads to smaller Gaunt:
factors than the other two potentials. To further explain the influence
of the choice of the potential, it 1is useful to recall that the range of
radius probed by the bremsstrahlung process is estimated by the inverse
of the momentum transferred. This accounts for the (somewhat
accidental) similarity of the Gaunt factors obtained from the TF and DFT
potentials in the example illustrated in Fig. 2 (The radius of interest
here is about 1.2 a.u.).

In the high p - T case considered here, the relative discrepancies
between the Gaunt factors obtained from the various atomic methods, all
of them taking screening into account, can be as large as 50%. The type
of average atom potential used to describe the plasma appears to be less
influential (< 10%) than the choice of atomic method.
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Fig. 1: Average atom potential (rV(r)/Z) for an AL plasma
at the temperature of 1 keV and the electron density of
1025 e/cc in models of increasing complexity. (-): TF;
(---): HNC-Poisson; (+**): DFT.
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Fig. 2: Electron bremsstrahlung Gaunt factors obtained
from the potentials of Fig. 1, for incident electrons
of 1 keV, and using three atomic methods of increasing
complexicy., (-+-®@): classical mechanics approach;
(-—-4): Elwert Born form factor; ( m): Multiple
relativistic partial wave expansion model.
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