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By nw there are qulte roany experinental d.ata qr the spectra of x-ray bources tf - l+1.

Various models have been proposed, to exp).ain these spectra flr jr 6l, but al_I encoLuter
certain difficulties. rf it is assr.ued, that the x-rav sDectra ar€ the resuli of plasna brens-
strahlunS, then it nust be proposecl that there are serreral pJ-asna layers with d.ifferent high
temperatures, (l+0 - loo) x 106 oK. fhe hypotheels that the rad.i.ation is of brensstrahtung
origin ctoee not expla-in all ttre avaiLeble experinentaL d,ata (for exanple, the spect4rn of
sco'xR-l)' rt ig tlifficul-t to explain vithln the fra.nevork of these models the optical and
x-ray aources of these sources [3, 5, 6] tn a unified nanner. The absence of rad.iation in
individ'r.raL 1lnes r-lkewlse contrad,icts the thennal nodels [!].

In all the proposed nood.els i.t le assumed. in egsence that the rad.iatlon spectrum is an
equilibrir'rn spectrun in a neclium. we vish to calL attentiqr to the fact that, for exarnple,
the spectn[a of sco-xn-l is surprising\y sirnilar to the nonequilibrium spectrun of the hard y
raiiiation vlth enerry of the ord'er of several l{ev, iesulting froro cleceleratl,on of go..iquanta
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in a mecliun (see the figure). As is vell- known, the sJ-oring-

clorrn spectrum of the gawna quanta is of the forn

d t ( E t  =  S g - r ,  - ! / 2 ( E ) e r p  [ - x 2 ( 4 r ( E r )  
- r l d E  ( f )

Ilere I(E) is the energy flux, x the optical thlekness of

the mediun relative to pure Thmson scattering, and r(E)

is the so-called sloving-clown J-ength, given by:

20 to +0 fl t0 rkey

r  _ r  I  o o  I t  d r
t ( E )  =  l l .  Q )3  ^ . I o { r )  

J  t t - x ( ^ ) l '

lO and I are the wavelengths of the incid.ent and scatterecl

ganma quanta, respective\r, in rrnits of the Conpton nave-

length of the electron, o(l) and oO €re the Conpton ancl

Thonson scattering cross sections, a^nd u(f) is the mean co-

sine of the scattering angle. Let the energy of the initial

qua^nta 6s'\,1 MeV, correspontting to lo ru 0.1. Then in the soft x-ray region (enerry on the or-

cler of several keV) ve have I >> 1, o(l) = o.r r = (f - fO)/: = \/3, It is easily seen from
(f) tnat in this case the spectrun will have a^n exponential character. Starting with an energ:y

20 - 3O keV, the Compton cross section decreases rapidly and. r increases accord.ingly. The

spectrr:m of the qrranta therefore trsoftenstr and assune the fors shown in the figure. Within the

fra,nerrork of this model, it is easy to deternine the opticaL thickness of the nettlun and the

initial energy of the quanta from a comparison rith the experinental spectrun.

ff we assume such a mechanism of spectrun fornation, then the question of the source of
the gamlra radiation arises. Such a,F9E9e.may be, for exanple, synchrotron radlation of re-
lativistic electrons. lhis assumption is natural, since it is assumed nov that the synchrotron

radiation nay be the source of hard x-rays with a pover-lalr spectrum. 0n the other hand, it
does not require too high a i lensity of the relativistic electrons. By specifl ing the e:rperi-

nental-ly tletermined x-ray fLux for Sco-XR-l ancl using the knovn forrnulas for synchrotron ra-
cliation, we estimated the d.ensity and. the energy of tbe reLativistic electrons with a power-

1aw spectrun, leacling to the emission of gamma quanta with energy tul MeV, for two nodels: 1) a
neutron star w"ith a nagnetic field H tu 109 C [B], and 2) a star rrith rad.ius nlOll em a^nd. a

t .
field H tu 10* G. In the for:ner case ve obtain for the density of electrons of enerry e a value
n(e) < 1o-2 crn-3 at e t 1!0 l4eV, and in the seconcl n(e) . to-L "r-3 at e tu lO GeV. The d.is-
ta^nce to the source was assrlned. to be 100 psec. We note that the upper linit of the density
of the relativistic el-ectrons in the second motlel is only two orders of nagnitude hlgher than
the corresponding density of electrons with enerry larger than 1 GeV fron a solar flare, and
is nany ord.ers of na8nitude larger than the d.ensity need.ed. to explain the exponential part of
the Sco-XR-l spectrun as being clue to bremsstrahlung Il].

We thris propose as a mod.el for the Sco-XR-l x-rey source a relativistic-electron en:itter
in a magnetic fielct, surrounded. by an optically thick shell of cold plasma v.ith tenFsrature
T tu 10* oK. From a comparlson of the ex;lerimental spectrum with the calculatect one (see the

Experinental" ancl theoret-
1ca1 spectra of the x-ray
s o u r c e S c o - X R - l : 1 - x - -
3 2 r 1 9 = 0 . 1 i 2 - x = I 9 t
l o  =  1 .
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figure) rre fintl that the optical thicknees of the coLd, plasna is x = 32r anc[ the initial gamna-

quanturn enerry is En = 5 l,lev. 'Itrls.yields for the colcl-plasna concentratlon near a source of

radiue 1011 cn " 1r"ir.. il" = 5 * lo14 "r-3. As to sources vith porrer-law spectra, tbey can be

explained within the fra.nework of our nodel by siloply assr.rming that ttrey harre optically thin

sbells. The theoreticel and experimentaf [3] ff.|r:<es in ttre optical region can be readi\y re-

conciled by taking into account the soft part of the eynchrotr@ spectrun, vhich is trensforned

i.nto optical raclietion. Indeed, as follglrs from [2], the slowins-l* Iength of ttre optical

quanta, for vhlch I >> l, does not depentl on the initial enerry li^, ana equals l/3. There-

fore qre ffgx (I) j.n the optica.l region is proportional to the total area of the initial y-ray

spectlrn. In the x-ray region (f s 10) the sloning-dorrn Length depends strongly on the lover

limit lO, and consequently on the ber<l part of the initial spectrum. A quantitative egreement

is obtained nithln the fra,nenork of our model. by stipulating that the ganna-quantum spectrum

be sharply cut off in tbe haril reglon at E > ! MeV, and that the fh.uc of quanta vith energr

: l l v l e V b e a p p r o x i n a t e L y l / 3 0 t h o f t h e t o t a l f l u x . S u c h a n a g r e e m e n t c a n b e o b t a l n e c l ' i n

particular, when the initiat y-ray epectruu lies in the interval 0.1 - 5 MeV; such Qua^ntaLcan

be produced. by relativistic electrone rith energy IO - 100 GeV in a nagnetic field H ^' 10 G

if the exponent of the electron polrer-law spectrtrn equals 3 in this interval.

The authors thank D. A. Varshalovich and N. A. Sila^ntrev for a r:sefuL cliscussion of the

work.
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