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Abstract

We have investigated the effects of Compton broedening due to electron scattering {n the hot stellar
atmoepheres, quasars, AGN's etc. We conaldered a puraly electron scattering modia. The Compton affect
scattering function produces the rodshift and asymmetry in the line. These two eflects increase as the

optical depth increases. For an optical depth of 100, the emergent specific Intennitles becoms completely
asymmetric in a glven direction.
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1. Introduction

Electron scattering appears to have considerable Influence through Compton broadening In the for-
mation of spectral lines in objects such as the outer layers of hot atars, AGN’s, Seyfert galaxies otc.
Electron scattering contributes not only to the opacity of high temperature stellar atmoapheren but also
produces broadening and asymmetry tn the spectral lines of auch stam. The redistribution of photons
in the line are due to Doppler motion of the electrois and the Compton effect In the scattering process.
Miinch (1948, 1050) Investigated the broadening of spectral lines dua to thormal motions and has found
this effect in a Wolf-Rayet atmosphera, However, Compton shifts have beon neglected. Chandrasakhar
(1948) examined tha shifts due to Compton scattering but neglected the Doppler ahifts and used a Taylor
perles expansion (to the first term), We extended this work to the spherically symmetric geometry and
by Including the second derivative of the Taylor series (Peralah 1880; Poraiah and Vargheee 1991), Dirac
studied Compton scattering for the first time and found that thermal motlons produced a non-Doppler
blueshift where frequencies would be larger than the red Compton shift. Therefore It would be intereating
to study how Compton acattering changes the energy of a high frequency photon. Edmonda (1853) de-
rived the spectral redistributlon function to the second approximation. However, he solved the equation
of transfer in plane parallel approximation using the first approximation of the redistribution function,
He found that the non-Doppler blueshift due to the thermal motions is much larger than the Compton
redahift for an optical depth of leas than one which is appropriate in a WolfFRayet star. As thls opticsl
depth is much less than what is actually found in other objects, wa would like to calculate the broadening

due to Compton scattering In high optical depth cases ancd by adding the terms to includa the second
approximation (Edmonds 1954).
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2. Bolution of the equation of transfor with Compton broadening
The optical depth within the atmosphere Is glvon by

dr = —Nyo.dZ (1)

where dZ is length, N, Is electron density and o {3 the Thompeon scattering coefficient given by
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where ¢ ia the electron charge, m ita masa and c the wolocity of light. The emission coefllcient for Compton
scattering by electrons in thermal motion is given by (see Edmonds 1953)
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where primed quentities refar to the incicdent radiation, unprimed to the scattered radiation. And
jt = cosl, (1)

Further, v is the frequency of the radiatlon, duw/ is the Increment of the solid angle about the direction of
the incident radiation whose intensity 1a J(3/, 7, ;¢) ardd © the ungle of scattering, I8 given by
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The speotral distribution function for scattered radlation is given, to the sscond approximation ( nco
Edmonds 1953) as,
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Here k is the Boltzmann’s conastant and b is the Planck’s constant. For convenlence we ahall define
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where A is the Doppler width,
The frequencies can be expressed In the form (sce Edmonds 1953),
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where A and A\ are the wavelengths corresponding to ¥ and the fixed frequency vy respectively
Introcluclug x defined in equations (7) and (8), the quantities & and o/ become,
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in Lerin of these variabies, the emiseion coefficient #(a, 1, 1) I8 given by,
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3. The Equation of Transfer
Now tho equatlon of tranafer in plane parallel medium is given by

8I(a, 7, 1) 3, 7, )

} BT I(ﬂ:, T, Ju‘) — N.ﬂ'. (14)
We hinve to simplify the emission coefficient j go that a simple solution of the equation (14) can be found
W shall perform the Integration over ¢ the azglmuthal angle (see equation b). The trigonometric functions
involving the angle © are simplified and finally we obtain,
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wharo
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Feuation (14) can now be written as
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by deflning
adr = — N.ﬂ"dz (Eﬂ)
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4. Solution of the oquatlon of transfor

The equation (19) can be solved by the procedure given In Peralah and Wehrse (1978) or Wehrzse
and Peralah (1978). The discrcte equivalent of equation (19) is
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Similarly &, %"~ arc defined. Further more,
M, =1edi (26)
and
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ji and c belng tho root and welght of the angle quadrature.

Equalions (22) and (23) can bo combined for all the frequency points in the line and discrete equatiops
can be written as,
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where
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m == total number of angle points, | = running indox of frequency points, j = running indax of the angle

poluts, I = total number of frequency points.
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The r and t operatora are glven by
t(n+1,n) =G [ATA 4+ gt g™?] (34)
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wher I is the unit matrix and cell operators are
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I"ig 1. The scattering function ¥ ias plotted.
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Fig 2. The intensltyprﬂ?ﬁa of U™ ims glven at T = Tyeu = 1.
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Fig 8. Same as those given in Fig. 2 at 7 = 0 with 7o, = 1.
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Fig 4. Same as those given in Fig. 2 at 7 == Tpqpe = b
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Fig 6. Same as those given in Fig. 4 al 7 = 0 with Ter = 4.
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8. Results and Discusslons

It is interesting to find out how the acattaring function & behaves, We have chosen the normalised
frequency poluta X = -4 to +4 (+1) with corresponding trapezolda! weights, We have chosen two angle
polnts on the Gauss-Leagendre quadrature (0,1). In Fig.1, we plotted log @ for X = -4, X = 0 and X =
4, 1t I easlly peen that the probability that a photon emltted 8t X m -4 are reappearing at X < 0 s
considerably higher than that emitted at X = 44 and reappearing at X = 0, However In the casa of tha
photons emnitted elther at X = 4 or -+4 their probability of reappearing at X = -+4 and -4 respectively
Is extremely small, The photons emitted at X = 0 would appesr at X w 4 more strongly although at
X 2 -4, the probabllity Is slightly higher than at.X = 4.

In IFig.2, we have plotted the U™ at 1 m 7y, for 7= 1, We see that the dotted (Doppler) curve and

continuous curve (Doppler + Compton) differ conaiderably. In Fig.3, we have shown U~ at 7 = 0, The
Inkensities are reduced but show the same tendency of varlation aa those In Fig2.

In Fig4, we have ahown the profiles of U™ ak 7 = Ty for 7 = G and we notics light asymmetry
together with Incraese tn the broadening, -The asymmetry and broadening are increased further in the
results shown In Fig5, for v = 0, Therefore for r > 1, Compton acattering introduces more broadening
and Increases asymmetry,
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