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ABSTRACT

An accurate yet simple analytic method is de-
veloped for calculating Compton scattering
cross sections for monoenergetic photons
interacting with an 1sotropic and degenerate

distribution of relativistic electrons.



INTRODUCTION

Computer models of plasmas in which Compton scattering is important
require accurate &s well as rapid methods for computing Cowpton cross sec-
tions. This research is pertinent to both P, and S, formalisms which re-
quire knowledge of cross sections averaged over all angles. An extension
of previous work’ addresses the case when the electron distribution .s both
relativistic and degenerate. In such a distribution, the elecirons are at
a low enough temperature and/or sufficiently high density so that the nue-
ber of final energy states avallable to the scattered ealectrons is limited.
There are a number of physical systems which are degenerate. They include
elactron gasses present in interial confinement fusion reactore, fusion
weapons and white dwarfs. Previcus approaches to the treatment or Compton
scattering include the Fokker-Planck formalism?! and lengthy numerical
integration methods®. As an alternative appro~ch., an analytic technique 1s
presented which provides accurate crose sections Aaveraged over three col-
lision angles. The regime for use of this methed inclules photons and el-

ectrons with kilovolt energies, and proves to be very accurate.

In -rder tc facilitate continuity and comprehension, the rerults will

be presented first, then the derivaticn of the method.



RESULTS

Differential Compton cross sections were computed for electron temper-
atures of 1 and 20 kilovolts, number densities of 10?7, 10%*!, 10%3, and
103% electrons per cubic meter; and for incident photons with energies of
5, 10, 20, 40 and 60 keV. Flgures 1 and 2 show the differential cross
section in millibarns per keV. The solid lines are the cross se:tions in
the non-degenerate limit, These 'tents" show characteristics identical to
results listed in Reference 3. A factor of 1l-n(e) is incorporsted into the
computations to account for the degeneracy of the electron gas. n(e) is
the probebility of final state occupation for the electron, and through the

use of term statistics is determined to be

n(e) = 1 (1)

e(e-p)/kt + 1

The chemical potential, p, ie given ao

e efll - 12 T ] 720[Tf] ] (2)

when u > 0. Tg and ¢f are the Fermi temperature and energy reapectively.

In the other limit, p S U, the chemical potential is

vV(m 3 /2
p = -kt log{g [2:5%5] } (3)

The dashed lines in ¥igures 1| and 2 show the cross sections when the
electron gas is degenerute. With the number cf final states limited, the
instances where the electron delivers most of all of its energy sre do-
creased. If a Compton scattaring event does occur, the photon will m st
likely downscatter. Thus, a slight whift vo lower energies is seen in tr«
tents. Ales., the peaks of the cross section tents decrease due to tha

overall decrease in the scattering probability.



A deeper appreciation of this developwent can be given by noting re-
duction in computational times required to determine the Comptcn cross
sections. Exact evaluation of Equation 2] took approximately one hour of
CRAY time for each given photon energy, electron temperature and number
density. The results cited in this report (Equation 27) required a little

over two and & half seconds on a CDC 7600 using the same parameters.
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