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ABSTRACT

An ●ccurate y@t simple analytic mthod 18 dm-

veloped for calculating Compton scattering

<roag aectionc for ■onoenergotic photona

interacting with an laotropic mnd dogenarate

diatribucion of rolatlvistic electrons.



-1-

INTRODUCTION

Co9putor ■odels of plasmas in which Compton acattoring in important

t-equ~re accurate ha w*11 an rapid wethoda for computing Compton cromm ●ac-

tlons. This remmarch 18 pertinent to both Pn ●nd Sn for=aliamm which ro-

qulre knowlodge of croan nectlonn ●veraged over Qli anglao. An ●xt*nmion

of p~ovious work; ●ddrenne8 the cane when the electron distribution LO both

relativistic and degenerate. In such a distributiG~l, the ●lectrons ● ro ● t

a iow

ber of

There

enough temperature andior sufflciontly high denalty ●o that the num-

flnal energy etatec available to the scattered aloctronn is limited.

are a number of physical systems which arm de~mneraie. III*Y include

el-ctron gnsae@ present in lnterla: cOnflneHiit fumlon r.actora, fumion

weapona and white dwarfs. Prevloua approaches to I},e treatwnt or Compton

scattering Include the Fokker-Planck formallsmz ●nd lengthy numcrlcal

inteqraticn methods). As an alternative ●ppro~ch. ●n analytlc technique IS

presented which provldeo ●ccurate crona secclona fiveragod o~-er t~ree col-

lioion angles. The regime for use of this method lnclu<en photons ●nJ el-

ectror,~ wlrh kilovolt ●nergles, ●nd pro-:e- to be very ● ccurate.

In rder to facilitate continuity and comprehension. the repults ~iii

be presented first. then the derlvaclon of che method.
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RESULTS

Differential Compto~~cross sections were computed for electron te8per-

atureo of 1 and 20 kilovolts, number densities of 1027, 1031, 103’, and

103s ●lectrons per cubic meter; and for incident photons with energies of

5, 10, 20, 40 and 60 keV. F:gures 1 and 2 show the differential cross

eection in millibars per keV. The aolld lines ● re the croea se:tionm in

the non-degenerate limit. Theoe “tents” show characterlstica identical to

renults listed in Reference 3. A factor of l-n(e) is incorporated into the

computations to account for the de~eneracy of the electron gas. n(e) is

the probability of final @tate occupation for the electron, and through the

use of term atatiatica is determined

1
n(c) =

c(t-p)/kt + 1

to be

(1)

The chemical potential, p, 10 givmn ao

1)
w2T7 #T$

[]1p-cf[l -—- —“–
12 Tf + 720 Tf (2)

when v > 0. Tf and tf are the Fermi temperature and energy respectively.

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

‘• “k’‘“g{ww’”} (3)

The daehed lines in Figurns 1 ●nd 2 show the cro.a ●ections when the

electron gaa im degenerate. With the number cf final states limited, th6

instanceo where the electron delivers moot of ●ll of its anergy ● re dz-

cre~sed. If ● Compton scattering went doen occur, the photon will.moi

likely downscattet. Thus, ● slight tihiftto lower eneraieo ia seen in t,~r.

tents. Alau, the peak- of the croorn oection tenta decrea.e due to t.!ia

overall decrease in the ecatterin# probability.
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A deeper ●ppreciation of this development cm be given by noting re-

duction in computational times required to determine the Conptan crose

●ection8. Exsct evaluation of Equation 21 took ●pproxhately one hour of

CRAY time for each given photon ●nergy, electron toqerature ●nd number

denmity. The results cited in this report (Equation 27) required ● little

over two ●nd a half seconds on a CI)C 7600 ueing the SaRO parameters.
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