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LECTRON TEMFERATURE OF A MEDIUM UNDER SYNCHROTRONIC RADIATION

- USSR ~ :
[Following 1s a translation of an article by G. A. Gurzadyan
in Doklady Akademli nauk SSSR (Balletin of the Acadewy of
Sciences USSR), Vole 130, No. 2, Jenuary 1960, Moscow, pages
287-269.1]

The following was presented by academician V. A. Arbavisumran
on ll September 1959.

Let us assume syuchrotronic radiation (bremsstrablung of rela-
tivistic electrons in a magnetic field) is produced in the atmosphere
or in a limited volume of the atmuosphere of a star. Let us assume
further that the density of the synchrotronic radisgtion in the region
of short waves, shorter than 912 Angstrom wnits (L,-radistion), is
markediy greater than the density obtained by Planck’s fermila at the
termerature of the star T,. Then one may ccnsider that ionization of
hydrogen stoms in the medium is caused wholly by the density of the
synchrotropic radistion. Inasmich as the occurrence of forbidden
lires in it is excluded, the electron tewperature of this medium will
obviously be determined by the residual enevgy of the electroas de-
tached in the photoionization of hydrogen stoms under the influence
of synchrotronic L,-rediation.

in this artlc.:.e the problem of determining the electron terpera~
ture of the medium will be examined with the following assumptions:
a) that free electrons are formed by photoicnization of hydrogen atoms
under the influence of synchrotronic short-weve radistion generated
in the given volume of the atmosphere of a star; b) that the electrons
Jose their energy by recombinstion processes comneched with hydrogen;
¢) that a Mexwell dlstribution of velocities is established between
electrons. ,

The following two equilibrium conditions constitute initial
conditions in solving this prcblem: a) the steady-state condition -
the number of atoms entering the continvum during photoionization per
unit of time should be equal to the number of atoms leaving the con-
tinmm; b) the condition of ralisnt equilibrium - the quentity of
encrgy spent in the photoionization of the hydrogen stoms should be
equal to the quantity of energy radiated during recombination.

Let us also sssume that photoionizstion occurs only &t the
ground state. This asswaption can be considered acceptable if we
bear in mind the extremely small degree of excitation of hydrogen
atoms under the conditions prevailing in stellar atmospheres.
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liecovbinetions of free electrons occur et ail levels and we shell

e them inte cousideration. As the role of free-free transitions
insignilicenl, we shall neglect them.
If the energy spechrum of the relativistic electrons is cone
tinuots and has the form
w oo owmY
b= KT

[
2

4 tpe rediation density st frequency YV generated by these elec-

Lrone when decelerated in o magnetie Tield cen be represenied in

the Jollowing forms

Dy -~ consy o ¥ (1-Y ) /2 . (1)

Using 1y wo designate tne number of hydrogen atoms inm the
ground stabe per anit volume ard K1y the coefficlent of cone
tinnous absorpticon per atom, we saall bave the following exyression
Yor the mamber ol fonizing evenls per unit of time:

o

» ' s N D,y ¢ -
ny Ky y 2 ay , (2)
. by
¥
WhnTe ) o +5 tae freguency of lonizetlon,

For the rarber of recombinatione at sll levels we have
(refer, for exaaple, to [1]
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when 0F and n. are the nudber of hydrogen ions end free electrons

nit velane; Te iz tnc clectron tvempereture of the medium; end
s the eifective recoxbination cross section.
Priying the steady-siate conditions, we obtain
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To write the conditior of radisnt equilibrium, it is neces-
sery to telculabe the energy absorbed in photoionization and the

ercrgy radisted in reccabinction end to eqacte them, We obtain
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| The function Py {(T.), which is included in (b) end (5), has
2 [
the form i~y"*

f‘i("-’*’e)*""‘}‘iv'{}? . (6)

| In writing the expressions for coefficients of sbsorption ki,
r and. Ky y» . we also take negative sbeorption into consileration.

We then obtain '
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Toking (1), (6), snd (7) intu account, we find fram {4) ang
‘ (5; aftgr substituting the quantity h) - h )., into them in place
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where x, - h Vo/kTei x, = ‘nyi/kTe; and y,, is the frequeacy of

ionizetion of the i-th state. i
In equation (8) the only unknown is the electron tempersture
" Tq» which is uniquely determined. Tor this Xg, 8t & glven veluwe of [,
i€ first determined Irom (8), then Te is celculated {rom the reletion-
ship : .
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An analysis of the formlss written here shows that the elec-
tron temperature of the medium under gynchrotronic radiation hes a

-wesk dependence oo the spectrum of relativistic electrons ) , there-

fore it ic determined wholly by the mechanism of luminescence of the
mediun, _
Celenlations yielded velues of T, = 110,000° when ¥ = 3; and

2, = 100,000% vhen Y =5,

- Thugs the theoretical eleciron temperature ol the etuosphere
(or pary of the stmosphere) of & siar where syachrotronic radistion
i8 gerereted is very high. &and is on an order higher than the elec-
tron tempersture of gas clouds., It is interesting to ncte thet 1T
the redietion of the photospheric layeérs of 2 ster were represented
by Planck's law, the tempersture of this star, with tae previcusly
given essumptions, srould have to be on the order ol 200,000° to PET-
nit cn clectron temperature in ite atnosphere on the order of
100,000°

<
e

ince the residusl energy of electrens is sufficiently high

alter photoionization of hydrogen, it cen be spent partially in the
excitetion snd the ionizgtion of hyarogen etoms in the ground state

legtic collisions. This fector of loss of energy of electrons
can lesd o "eocling' of the mediwn snd, ccnsequently, to some low-
ering ol its eleclron tempersture. In order to achlieve a marked
“ecooling” effect, hovever, it is esuentlel that the concentretion
of neutrsl hydrogen ctoms be sufficlently greet. Dven in thie cese,
howzver, the residual euerygy of the free clectrons would stlill cor-
respond 1o 2 high electron teupereture of the medium, hecause the
excitaticn end ionizetion peientisls of hydrogen have comparstively
high velves. ,

Ficrecver, cases are possible in which the degree oi lonize~
tlen of the hydrogen in the medium is so high thet the actual con-
centraticn of neutral hydrogén atoms wouvld be iasufficient to
zbhsort the greater peart of the residual eneryy of the free elee-
trons. In thic cese, the effect of "coolirg” by neutrel hydrogen
would have praetically no influence on the higa velue cbtained cbove

of ithe electron temperature of the medium,

It in possidle to sitenpt 1o ovtein prool ¢f these theoreti-
cal connlusions, for exemple. in certain verieble stere. I the
phencuencn of flares cr bviel incresses in their brigotnese 1g
causcd by the generation of synchrotronice radiation in come part of
their strospheres, ithen the widths of the spectiral lines--and there
are grounds for believing that these lines do otcur in precisely
those regions of the mediwn wherc syneluotronic redisticn is gen-
erated-~-snovld be suificiently great to correspord tc the high value
of the electron tewpersture. ‘
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