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S hypothesié_is sunrested that the mamma-ray emiscion oF';Etivo ng.
laxies and guasars ts due to the Eeve1onéeht'o"hinh-enerqy e’éctrﬁwann;;ir
cascade initﬂated by nonﬁhermaT{reTa;jvistic-particTes on the arhfent Y.ravs
. in ﬁhe central power sources. A qéssibiiiky;;c explain the nositrom pro-
cuction in the Galactic Center in the‘frémewnrk of the "cascarde™ model g
considered. The nature of the MeV excess in the spectrum of Cyanus ¥-1 s

discussed.
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In our previous paper [1] we have 1nvestigated the- deve‘lopment of the
e'tectromagnet‘lc ca3cade 'tnitiated by the re1at1v15t1c e1ectrons and gamma-
rays in the radiation dominated p'fasma In the present paper we discuss a.-
possib'll'!ty of product‘lon of the re]at‘ivistic e'lectr'cm photon showers in

compact X-ray sources.,

1, Nuclei of Active Galaxtes and ‘_Qua'sars

- At presént it is es'&abgfshed reHa‘bT’y tha‘l" t.h.e‘exp1051ve.ph'enomsna in
‘active galaxies are counected direct1y with the activfty of their nucTe‘f
Although the principal 1nd1cations of the activity of the galactic micled
are fornulated by Ambartsum‘tan as’ far back as’ 1958 [2] the nature of the
_Power sources ‘is however vague 'in many respects up to now (see e.q. [3] ).
Any mode'l that‘ claims as to expla'ln the nature of actfve ga‘fagtﬁic nuc‘tei
Tmust prov'lde high 1um1nos1ty (up to 10 erg[s in quasars). short time vari—
: abﬂity {< 10 s), and ?‘elativtﬂy long 'l'ffetime { 10 yrr' )f these ob-
Jects. Thne rnode‘ls ‘of nuc]ei of acﬁve galaxies are -onsidered at m‘esent

as mst appmpniate ones: 2 mssive accreting b1ack ho'ﬁz. a mass1ve spinar




{magnetq1d), and a dense star (pulsaf) cluster. The observation data avaﬂ-E
able do not, unfortunate?j} allow to choose unambiguously between these ‘mo-
dels, and the more so to‘construqf a_non—contradictbry theory qf-the nuc?e}
of activg_ga1ai1es and quasars. In constructing such a theory, a more de-
tailed study of ﬁide spectrum of e1ecfromagnet1c radiatiéﬁ inctuding - X- and
gamma-ray ranges seems highly important, Certain hopes are set also on
ne&tfino;astronomy [4].' S ‘ : ..“‘.

Incidentally, the observations-nn,spec1a1iz;d f-ray satelTites have
altready made.an essentfa1 contribution to_the extragalactic astronomy. It
15 established, in particu1ar, that one of the most characteristic features
of the active ga]axies and quasars is their powerfu1 ¥X-ray radiation. SmaMl
timesca1es of emission variahiTity (10 : 10 s) combined with high luminosi-
ty strongly suggests that the X-rays are proﬂdced directly near the power
snurcés. For a numbér of the nearest‘éctiiefgalax1es, marticularly for
Cen A and NGG 4151, on the observatory "Efnstein” the direct evidence are
obtafned that the maiﬁ portion of.thg observed soft X-rays is oiiginated
in the cbmpac; regions coinciding with the nuclei of these galaxies. -

The HEAQ-1 spectral obsér#ﬁtions of active galaxfes have shown that the
spectra of the active galaxies extend "up to the hard X-ray region, the mean
active ga]axy spectrum created from the 1nd1v1dual galaxy spectra, 1s best~
fit in the range 2 120 keV by 3 power‘1aw nf index 1.62+0,04 [5] Simi?ar
hard X-ray spectra are cbserved also from two nearest quasars 3C 273 and
0241 + 622 [§;§]. The, power-Jaw éharacter of X:rayjsyectra of the active ga.
1ax1es an& quasars can be explained satis?actorily in the framework of both

synchrotron se1f Compton (non-thermal) model and by comptonization of 1ow-
' frequencx photans in accretien p1aswa around & massive black hole (see,
.e.g. [9] )1 If the X-ray photons are produced due to the synchrotron_sejf-
Compton_mechanism, _then thglsnectrum‘o% the relativistic electrons must be



power-law one with the index e ¥ Ef} 1 2,2 . Such a SPectrdm:of e1éctrons,
according to Lightman, raureeS'wﬂtH'pfedict1ons for shock.accé1éra%ed elec- -
trons in cores of active ga]axies ‘A characteristfc feature of the synchro-
tron se]f Compton models is the’ p0551b11fty (at the apnroprtate cliice of

the va1ues of magnetfc field.and injection spectrum of re1at1vfstic e1er—

trons) of sg1f—cons%stent explanatigp of a wide range of electromagnetic sheg-

trum. , ) ]
The cqmptoniiatioﬁ of'1ow~fre§uency radiation on thermal electrons n*

hat plasma results in the furmation_of’the,powet-l;w spectrum of photons e
to the energy of 3 kf:with-the'subsequent exponentja]igehavfuuﬁ at Ex‘% 3 ¥T
[10 12] According fo.the HEAD-1 data, ‘the meah-acti#e ua1axv’x-ray spectrum
15 best-fit by the comptonization spectrum at the plasma temperatire

kT = 25-% 10 ?rkev and electron scattering optical depth equa1 to Teg=
8.53 = §-13 [51°. In the black-hole models of the power source. besires th
fherma] (comptohi;e&} X-ray comvoﬁent,’alsb the gther high-enerdy comnonent
1s po;sggﬁe due to écteTefaiﬂon'and-1nteréctibns of ihe‘rg1at1vist1c nart-
icles in the accret1bnip1a;ma. The mechanisms Qf the'pé&¢1c1e acceleration

in the vicinity~of missive black Foles were discussed by Kafatos et al. [12]
Gamma-rays can be produced'at both*inverse Cbhptén‘écattéﬁfhg of ‘the relati-
vistic electrons an X- rays and decay of secondary 91 -mesons generated in _
the 1ne1ast1c {p- p) co11isions In tNO temperature accret1on d1sks [}i] some
'contribution to gamma ~radiation can be 'made also by 97 -mesons Deruced 1n
" ‘the interactions of thermal protons of- accretfon plasma wfth ‘the Ton tewnera-
ture Ty ~ 1012 K. However the efficiency of this mechanfsm of uamma ray
production in accretion p1asma is apparent1y not oo hiah [}4]

The: extraga]actic ganwa radfation from the dfscrete sources in the. ranae

1 .10 MeV¥ was' discovered for the ffrst time from the radfo Galaxy Centaurus .}



[15] ‘and Seyfert galaxy N&C 4151 [16 17] The soft gamma-ray luminosities.
of these ‘galaxies (NIU“erg/s and *vltt'1 erg/s, respectively) axceed more
than by an order their lumirosities in ‘the other ranges of e'lectromaqnet1c
radiation. The presence of a MeV "bump" in the radiation spectrum is anna-"
rently the common property of active galaxies: up. to the present time soft'

. gamma-radiation from two more sources (Seyfert ga'!axy MCG 8-11-11 and
quasar 0241+622) are discovered [18-20]. )
. The hard gamma-radiation is discovered from the quasar 3C 272

‘ { > 50 MeY) [21] , and pe;'ﬁaps from t_he NGC 4151 and 02414622 { > 100 Mey)

{ [22,23] s though the ré]iabi'l'lty-of ‘observations for the last two scurces

is not too High. As was mentioned above, in- the framework of models explain-
ing the X-radiation of nuclei of the active galak'f'es also the effective pro-
duction of gan'ma-radiat'ion is possible. However, because of the extreme com-
pactness of the sources, free escaping of gatfma ra_ys from the product‘lon re- .
gion s practica]ly forbidden if the X- and gamna-rays originate in the -
same sources As a result, in the sources the re‘lativ‘lstic e1ectron—photon
showers are fnitiated fnevitab‘ly. Spectra of gama rays and e'lectrons as-
capfng from the active region are determined in many respects by the cond{-

tions of'deve'lppmento of ‘high-energy cascade,
a) The Seyfert Galaxfes NGC'4151 and MCG 8-11-11

The X-emission of the Sg}fert type 1 galaxy NGC 4151 s characterized
‘b,y hard power-law. sp'ectrum. Aceording to thie HEAO-1 data .the index of por‘.fer‘-‘-
law aﬁﬁroximatioﬁ in the energy range 2-120 ke¥ is rx* 1.50+D.02- [5]
The X-ray variability of this galaxy has been observed on timescales ranging
from 700 s [24] toa ‘Few days [25] -In the r-egion of hard X-rays the
spectrum somewha* flattens { I.",( ~1} reaching {1- 2) MeV, and further on it '
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steepens sharply (see Fig.1}. The SAS-2 upper Timit of gqamma-ray flux in the

j304200 Me¥ range also indicates the presénce'of cutoff at MeY enerafes in
" the spectrum, It §hould be however noted that the Finite Flux of hard namma-

rays from NGC 4151 exceeding b_y—ari order the‘ SAS-2 _uppe_‘r- Timit, was reported.
by Galper“ et al, [22]'; The. cbmpar‘fscn of the'spectrum of the MRE 4151 with
those of quasars 3C 273 and 0241+622_.pofn‘ts out that the resuit of [22],
despite_ its trsufficient statistical confidence, does not ":F'a}'l out” notice-
ably from the ass‘embu of daj:a, and its contradiction \ﬂ 1.th the SAS-2 d?ta‘
is possibly due to the\stronlg‘ varfabildity which‘takes‘ ru'|ace’, mrticularly !
- in the-MeV region. It follows from the comparison of the results obtained I
by different groups during 1977-1979 that above ~0.5 MeV the flux chances
by a factor—of 3—10 on‘a_ tim.escﬂer up torl yr [27]’ . At_ a dfstance to the
sgurce :--d\-"-‘ 20 ¥pc the mean Yow-energy g.amma-ray 1u;n1'n.osity is "-I'ﬂﬁem/s.
which is essenti“aHy higher tharrin al'ﬂ other electromagnetic wavebards, '
. In the models NGC 4151 which explain both hard X-‘ and gamma-radiation
.by the inverse Compton sca@:tefing of - relativistic electrons, the agreement
with thg observed spectrum 13 achieved by certé-in assumptions on the shdpe
of priEary ele;tron speéctrum. Schlickefser [28] has shown that \the"v‘equire-
ments to the primary spectrum of. electrons are minimized in‘case of their
-scattering on soft X-ray photons. However ‘the second key a_ss'umntion on-trans-
parenc,; of the pfoducti_ph region V'For gama;rays in the nonthe‘.P:mai Compton
medels in case of IAIGC“ 4151 45 not fuT‘F{'H;ed, since the soft X-ray. (10 key)
production region size , as follows From the Aiscovered hy Yhury Y-ray

. . ' 7 *
flare with a duration of 700 s [Zd] , does not -exceed ? '-101 cm

- . .
Although no more X-ray flares of NGC 4151 were so far observed, hmwever,
the fast X-ray variabilities of the Seyfert aalaxy MAC 6R12°(At% 102 5)
discovered by HEAO-1 [29] and quasar-0X- 169 {at & 1n% s} found by
Einstein observatory [39] testify on reliability of the Uhuru result [24].
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_*In the .thermal models Io‘F NGC 4151 it is assumed that the gan;im—e?niss1on
is formed in the hot accret'f_on plasmaz with température Te ~ 5. ldgk (see,
e.g‘- [9] ), for example, as a result of comptonization [31] or annthilation
of electron-positron pairs -’[32] . In fact,' ‘we encounter here the nrob'lem‘
of the hot electron-photon "fireball® yfh'fch apparently takes place ¥n the
s.ources of ganma-ray bursts [33:’ ‘;.'Unfortﬁnate'ly, the [iarob‘lem on dynamics
and particu1ar‘|_y 6n the emiss‘i‘on spectrum of such a "firebaﬂ" 1s not
solved so far Therefore the MeV's “bump" in the spectr'um of NGC 4151 can
be .explained by the radiation of thermal subrelativistic pTasna only quati-
tat1ve-1y. Moreover, there exists one essential, to our mind, argument
agafnst the 'thérma] nature of_soft ga'ma—rad‘fat'?on of NGC 4151, namely,
the observed garrma-radf_at‘lon' from themquasar-s‘ 2c '273 and 0221+622, and
possib'l_y from NGC 4151 itself, which surely is not associated with the
the-rma'l plasma raéiation. ) _ ‘

He assufne Ithat the observed gamma-ray emission of NGC 4151 is 2 result
of the c'l:\f_éTopment of the relativistic electron-photon showers in the active
region coinciding wi tﬁ the X-ray product'lon reg'lon Fig.1 presents the
" spectra of NGC 4151 in the range 1Cl2 - 105 keV calcuTated wfth'ln the
"cascade” model. The calcu]ations Mere done for the spherical qeometry of
the source. The X-ray photon density at a given size of the source R was

taken

. WO (ED
nx(Ex)z—-_T—434;3ﬂ¢;(c ) (‘I+ Tes) |

" where ‘C’es=5T'R'ﬂe is the electron scattering optical depth, Me 1s
the plasma .electron density, C})(Ex) 15 the observed flux of the.X-rays;
g 1is the distance to the source.

The x—ray- emission of NGC 4151 up to the 100 kev energy is satisfacto- .
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r1]y explained by both synchrotron self- Compton mechanism (then the density
of thermaI e1ectrons Me" and correspondingly Teg may be considered nrenli-
gibly smali) and cowptonization of 1ow—frequency ‘photors in accret1on therr-
al p]asma The histograms- correspond to the case when the harH X-rays are.

produced at scattering of reiativist1c e1ectrons on the1r gwn synchrotron

photons, and the cascade is 1n1t1ated by primary electrons with the pover

Taw spectrum in the range 50-5000 MeV with the 1ndex fe =2~ 1=2 _ The
comparison of these histograms with the experfmenta1 dafa shows that at the
source's size R 9 1015cm (curve 1) the ca1cu1ated spectra do not aaree

with the cbservations in the energy regfon above 100 Me¥, At smaller sizes -

* of the source “the yte1o of high enerﬁy photons is suppressed due to photon-

.photon col1isions { ?;YE "’( R /10 cm) 1 at EK 1"0 MeV). Ir _particular,
1

at R = 10 -Cm a satmsfactory agreement of the theoret1ca? spectrum

'(curve 2} wfth the observations is, achieved the transﬁormation of primary

e]ectron energy into h1gh energy photons being very eff!cient (2 THY}

The photon spectrum 1n1t1ated also by pr1mary gamma—rays with.

Ep= = 100 Me¥ in plasma wfth electron tewperature KJ—-aJ“ ke" and 17é5= LN

is given for ”‘R = 1014cm (curve 3}, It is a1so assumed that the X-ray

phetons up te 100 keV are formed due to compton?zation and 1n1t{a1 qaﬁﬂa—
rays are produced from. the decay of secondary ar -mesons. ar -resons/;ey
produce fn inelastic col1fsions of therma] nucleons of pTasHR with ion tem-

12 . More effect1ve Ts the productfon of ST -mesons At

perature . T 4 “'10
interactions of accelerated in accretion p]asma erotons with ambient
thermal part1c1es [ﬁ 34] In this case together with qAMA~rays an”’
electrons a1so acconpanying high-energy neutr1nos ( > 1 TeV) are nroduced.
Using the ca]cuTatlons of Berezinsky and Ginzburc [d] on the yie1d of aamma -

rays and accompanying deutrinos in {p-p) 1nter1ctions and taking fnto account
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"that nearly 70%-of energy of secondary (From JT -Aecays) electrons,

positrons and cermairays transform into photons of the energy < 3 Me¥,
or2 can obtain the expected flux of neutripos from MGC 2151 fwnvﬁed thé
rigde] of Berezinsky and Ginzbura [4] be' realized. Thus for the power-Taw

spectrum of accelerated photons with Tlrhd:e:;: I?_' =2.3 s

o - o ?
K Cpﬁ (>1 Te‘f} = 100 nextrinos/m'yr ,

and for’ I'—P 2.5 it is agp!'OX‘fmatﬂy‘ Ey one order Tess. Such fluxes can

. AR
be measured by proposed DUMAND array.
.'-Eote that 2 characteristic size of the source R"‘ﬂ crﬂ fn the

.
"“amho'ie" medels, where the main enercy re1=?se of accretion aas rccurs At

2GM

2 dw‘stance 10 Rg f RS— = 2-108 W'lf‘- A crvis a aravitat-

-crﬂ ‘radius), cr.rres:;r-nds to the mess o*' hlack hole ¥ ~J" Mg and hence .

- m i
‘qbn:_i‘ 10% of Eddington 10minos1ty Lsdd = ——3—————2@R PE_ . qa%6

6, . = 177 erg/s

i3 %5 be re'leased in X- and rsenma rays,

7 ‘lote that the ahserved Ium"osity If‘ © erols of MAC 4151 sets a Tower
Tiwit on the "enh‘a1 black "uﬂe mass: M 2 107 ¥g . In the nther hand, from
the observed X ray rapid variabi’ti?v { ~70n 5) 1‘t follows that §f the radf-
ation 1§ produced in the inner zone of accretfen disk, then the black hele
nass does not exceed ‘lO M@ More crec1se calculations, with account nf
radrative transport effects yield 2 lower value M & - 10° Mo [?d] . This
means that if the centra1 accre*fng black hole s the nower source of )
NGC 4151, then the soft X-rays are rmduced outside the racion of the main
“nérgy 1iberation, f.e. at a rﬁsta‘nce' R 10 o, The ohserved 4n*énsi+v-
incr‘ease by 2 factor of 5-17 on Y timesca’e cfn TN 5 45 nrohably the re-
sult of loca‘l X-ray burst. : ’/ ’ o R
_ Do the hard X-rays and gamma-rays really form in that 'hnf sfet” and
are they, hence the ra n'lfestation of lncﬂ art'fvfty" The cn'!c'l'fah'rms r’

o | .

N



_'timesca‘re of variab'lth A‘f: [9]

“The ‘Ium‘mosity in this r‘ange“fs ib4 ergfs.’ In the .hard’ X -ray rev"lon

the cascade in the region of 2 -'10%3cr size £illed by soft Y-vays (<10 fev)
yield hard power-Taw spectra of gama-reys.tlp to 50 Ma¥, which contradict
obviously the observaticns. ?:orma#'ly, ohe may achi’o'v‘n rore’ or less satis-

factory agreément, assum‘fng that also the observed X= rav photnns un to

100 keV originate in “this "hot <pdt" However this assumrtion disairees

wtth the ‘model- fndependent relation hetwaen the Y-ray '!um'l"nosffv Lx and

-

x/(’IAt) 2 10° A2 erg/s .‘

where r’l is the efficiency o‘f the matter conversio; to the ‘radiation. .
-For .~ At ~ 700 s and X-ray 'Iur‘inosity in +he ranqé - ? 1er-kev,
5:19% erg/s, we atrive at d requ,i,rement for '1; 7.3, whith even 0
the "b'lack hole” rr'odﬂs {taking tnto account that +he radiaffrn 15 r'\"n'fu!:ﬂ"
outside the zone of “hain eneray reTease) seems smrewha,t nrﬂhlem'r*
Tt follows from the ca‘lculationq that *he best dnvaement’ of the thenre
tical spectra with the observations is acHeved at Ehe ac+1vn reqfen sires
_R~m*4 3 1014cm Unfortunately, rost’ of the neasuremon"s adyen- in

Fig.l are attributed to different times of‘ observations, therefors the

' further verification of the ca_scg@e :Qgr_‘qn.e_t_ers will ,be nnssibite on‘ly at

avaflability of dats to be obtithad simultaneoisly in ifide ererny Fande.

Recently, the Soft gamma-emission was discovered fror tHe Tyve 1

Seyfert galaxy MCS. 8-11-11 [}s]?f The observed spectral. feature at MeV

energies, namely, _steepening of. the, spectrum, is h‘ghly sirﬂﬂar to that of

I\GC 4151, The X-ray. emissim. of. this source up to the energy, 20 ke¥ is well -
~approximated by A power=law snectru‘m.with‘the,j,ndex‘ rx ='l._6 -2 [3'5]

e

{2 20 keV) the daEa of .the HEAQ-1 and baﬂonn exper'iments d‘fsaqree w‘lth

11



y
each ‘other, which apparently fs connected with the raéiat‘loﬁ varfability.
X-ray 'variébi'lity of the source o/n a2 timescale. € 30 days has been reported

Fig.2 presents the spectra of gamma-ray emission of VMCG f-11-11 calcu-
lated within the "cascade” model. It was assumed An the calculations that
the cascade is initiated by the relativistic electrons, that noéses_é the
inftial spectrum with the index” Tg=12 in the range 505000 Me¥, in the.
Fiexld of 2-20 ke-V photens. For a characteristic size of the active reafon

R= 10145;::, the agreement of t|he theoretical spectrum {curve 1) witﬁ the
obseryed one up to the hard ganma-ray range, wh'er:e the unper Timit of thé
flux - is obtained by sas-2, majf be Corlnsidered satisfactory. At the same time,

" an obvious disag[‘fement between -the calcufa_ted,(curvg 2} and phserved.
spectra is encountered at , R = 1_01.,5cm, The disagreemenjt can hie "smogthed
-away" assuming the initial ‘e'lec't‘r'o‘n spectra ar'e steeper, or adm'lt#‘]np that
the observ.ed\ in the ra'nge £ 'Zﬁ key .spectrum of X-ray photons extends up to
the hard X-ray ‘-reg‘fqn { ~ 100 keV}, viiﬂch, _‘fn particular, takes. nlace in
NGC 4151._N0te that the size ~ 1015cm Vfrom the energeﬂc viewpoint is
more a-d\'r’ant'ageous for ¥CG 8-1_1-i1‘ possessing ga‘r}ma-ray_ Tuminostty |

LIN 7 10% erg/s. In particular, for the accretion d:'lskrntode-l_, this
size corresponds to the cenf.ra,'l, black hole mass . > 109-?@ and respectively

' to the critical Tuminosity > 104.7 era/s.

-

b) The Quasars 3C 273 and 0241+622-.

n 1978, the'ﬁa‘rﬁ gamma-radiation was .d'l-scov;ared from ﬂie quasar
3(: 273 én thelCO'S B satelTite., The proton"s'pectrum observed in the ranme
50-800 MeV is approximated by the power-]éw ‘with the fndex '
rx= 25 tgg _[21] . 3C 273 is also a.poﬁer‘"ﬂﬂ X-ray eéﬂd;;gr'wfth 2

sower-law spectrum with [ =1.62:0.14 up to 120 ke¥ [6,7] . The-9s0's

’
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X .nd samia-ray Tuminosities at a cosﬁw1ogica1 distance te the source

d=g60vpe | B =0.1Sé, . He= 55 ki/s Moe) are 7 1(‘46- era/s . and
3~ 10% ergss, respectively. =

The QSQ is variable in the X-rays. It wés reportéd nn \-raria‘:ﬂitu' in

the 2-60 ke region on timescale of é’*out rionths [36]. The variability in
the esSentia'Ikly shorter timgsc'ﬂ‘é -’,5‘-7 10‘1 s) was discovered on .t'T*e Einsteir
observatory i‘n the sof_t L-rays [37] This testifies to Cﬂmpactness\ of the
X-ray source {sources?}, and hence large optical denth oflthe X-ray nro-
duction region to phaton-photon coTHs‘lons__‘[?l,‘iP:].

The development of the relativistic electron-photon casca'e shower Ir

~

“the 3C 273, assuming that both the hard X-rays an’ Jarma-rays oriainate from

the same regiun was considered for d.g _ spherical arometry with the

purpose to study the possibﬂ‘ity of the coincfdevce oF Y- and narma-rav

'productwn regions. Fi9.3 shows the soectra of the 0awma—rav emission

emerged from the source for spher"lcaT neometry and fnr‘ H"mmené\*ﬂetm Twith

_E go  © 2010 mcz) and power-law (mth 3" z) spectra of initial [arma=Tavs,

17

It fo'Hows frdrn the calculations that at R«1n* cm the major nortien

. of the initial gamra-ray energy transform fnto photons with € .5 MeV ener-

gy, for which the source turns out transparent (curve 1). Tn this case the
result weakly depends on the geometry and initial c.-arrma ray spectrum, Thus
we can claim xha; the'ha!\‘d_‘gam—radiati_onVis produced.f-ar From the varfahle
Einstein observatory soft X-ray source (0.‘5 - 3.5 ke\')-, whose'size, as it
follows from the shor‘t-'term var_"iabﬂity, does not exceed 1015cm.'

From the 'Rz 10 em . &n effic.ziént ‘release of gamma-rays with.
EB’ 2 5 MeV also becomes possibie (cuﬁe 2).. As  Tyy 1s yet g.reatér
than unity {~10 at R = 1017cm), an essential -transfur"matiohl of the

fnitfal spectrum occurs as hefore. Thus, for, R= 11 7¢m and the producticn
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power-law spectrum with f&; 2, the_resu1t{ng spgctrum of escaping nhotons
with_EK 2z 50 MeV‘ha§ an approximate powér—]aw débendence with an index

r& = 2.5 {curve 3) befng:in'agreement with the COS B data [?i]. Nnte that
a similar result. can be obtained in case when the cascade is initiated hy
the relativistic electrens, Then approximetely 1% of theﬁtqt51 enerqy
stored {n the initfal particles rémain in the hard gamma-rvays w1+$
EX 2> 50 MeV¥. Hence we obtain a recuirement for 2 netessary nower Q“the
energy reservoir ~3 -10A7_erg/s to explain the observed flux of har&
gamma-rays. Approximate1y a Haif of this Juminosity is reteased in the
range of soft gamma-rays. For comparison we peint f-)ut that in all other_
electromagnetic wavebands (from radie up to hard namma-raysi the Turinnsity
of 3C 273 i5° 2.5 1()'"“7 erg/s [33] . Unfortunately, there 1s‘nn S0 ‘af 1n~7'
fofmation on 3C 273 in’this, perhaps most fmportant (frbm the viewnoint nf
energetics) range of soft gamma-rays, which does not permit to conduct
further ver1fication‘of the cascaﬁe parameters. The quaéar ngn1+£22 is,in
this sense; more "informative". -

The search of X-ra} emissjon from unidentified COS ;] qamma-;ay sources
has shown that the X-ray suurce 4 221461 from the 2- th Uhuru cataloa falls
into the error circles of the gamma- -ray source {6 13%+1 [d" . Later on,

" the X-ray source was jdentified re11ab1y with the nearest quasar N241+£72
[dﬂ . Because of re]atively-{arge_error box for the qammé-fay sourge .
£G 135+1 , the ques;ion on the fdentification of the Tatter with the guasar
0541+522 is left open. Some more objects besfdes fhe‘quasar-"?dT+ﬁ22, 1n7
particuiar tne nighly variable rad1o soupce 6T N236+€1 [?2] being at a
distance ~ 2.5 kpe, fall 1nto the error box of CG 135+1

Fig.4 shows the observed spectrum of the quasar (02414622 -admitting fhat;

S CG 135+1 = AU 241+#61 = 0241+622. For such a hypothesis, besides the argument

-
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of_great simiiarity of the'quasar nPA1+622 with the auasar 3C 273 nossessine -
hard éamma ray emission, there exists to gur mind, one more important ev%d-
ence, namely the observed soft ganma-ray bmiss1or in the direction of
. TG 13541 -[19.20] By that, £G 135+1 differs from the other unidentified
0S B sources EZ’] and may resemble the nuclei of active gataxies.
Fig.4 r1ve= togather with the observad spe'trum of the TSN 2414622 the
catculated within "cascade" model the spectra of narra-rays for two cases::
1} the caécade is 1nitf§ted_b§ the refativistic electrons with tre primary
péwer-Taw spectrum with: -r;fz {50 < Ee. 455ﬂ00 vev) in a Lnure" {-rav oas
{ l; =1.9; 2 & E, % iDO keY [8] H 2)Ithe cascade is 1nitiatéd Py
ganma-ray with € g 5“0 MeV in the accret1on nlasma w‘th kT= 20 ey an
Tog = 4. The best £it with the experimental data is achieved at a chavac
teristic size of the act1ye rerfon R= 7: 1n1°cr {.n2) and R = Fem

{ —=')} for the cases 1} and 2}, tespectively.

« ~

¢) The Radio Galaxy Centaurus: A/YEC 5178 :

. The spectrum of ¥-ray emission of fhe raﬂ1c Ja1axj Cen B/NCC RIZR s
s1m11ar to that of .the act\ve ga1actic nucle1 As in the case with the
Seyfert galaxids HNGC 4151 and MCG 2-11- 1, the snectrum o‘ Cer. ﬁ extents

..up to the region of soft ganma- rays where thn 1uw1n051ty reaches 1ts maxi-
omum [LS 43] Therefore, by ana1ogy with “the above- ccns1dereﬁ sources, the
spectrum of Cen A can be expia1ned by the cascade develooment near tho
_central power source with the characteristic size R= lﬂldcr. At the sare
time the radiation of thié ra¢io.ga1axy has_singu]akities:fhat‘#akp it v
' dffférent fr;m the other active galaxies. In“tﬁe first place it concerns
the ultra hign energy gamma-rays ( ¥ 300 GeV) [§4] and also the spectral

feaiures near 1.6 MeV and 4.6 MeV [}5] found 1n the direc;iun of Cen 5.
v & -
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ﬁithﬁn the daveloped here "cascads” iadel, the presence o yltra hinh enerny

,af;a rays in the emission spectrum is gquite nat;ra11y eyp?a1ned hy the da-

ExE
pandence of the photoproduction tross section on +Hn nava~eter 5* “;EEE‘
Pn E .
G~ at b »gm;_“ : Sm,n—e Y, m'm" tn wh*r" the

fonpact K-ray source, Beine thick for mamma-ravs of eadarate eneraies, turnsg
cut. transparent for nhotsns of ultra hiak sner~ies,
At thu same time, camra-ray Yines cannot 2pnarently he exnlained bv the

reTetivisgis electron-photon showers . Thnﬁgh,‘i* th?ée Yines are.reéf, then
any aodel of garmm—1jnesrfofwaficn ;hich is under discussion at preéent;
-encounters extremely serious enersetic Hifficulties [Fﬁ—ﬂ?].

"In the consideration of the develgpment of the e1§ctror§pnet7c showersl
we here restrtctnﬂ surselves to only the guestions dea?1nr with tha nro-
duztion of hard X- aﬂd qanwa ray =~i5510ﬂ The prob?nw of *he formation of
non-therral radio and cpticg) radiation of ﬂa1act1c nucled and quasars fs
beycnd‘the'scope of this work. It should nevertheless he noted that the ah-

- served very small measures of Faraday rotatfon ¥n many cémvact extranaTectic
radio sources are wéthty argﬁwént in faQour of that the Fadfatfno-narf1c1es-
, are an equal mixture of electrons and positrons [58] , whick is nafura11y
explained by the “cascade” mode. ' : T -
The_relativvstic eiectron-pqsitrbn showers initiated in the 1pw—‘ranuenéy
ﬁhoton ffe1d {10"3 + 102 eV} on externaT regioﬁs of acrw-et‘lm;:'H'sks'av'mnrv1
a- massive b'lack hole (M ~ 1{18 Mg ) were considered bv Sirrns and annhcn
|:49-l as app?fed to doub?e radio securces. However thfs rodel oivac nover-Taw,
gamma -~ ray spectra w1th constant index un to the energy Ey ~ 250 MeV¥, which

contradxcts the gamma ray eniss1on spectra of the active na1ax1es
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2. The Comepct Spurre of Pesitrons at the fﬁa".#x:_f Center

the ?nrﬂ‘hﬂatinn ragiation at 0,511 MeV ohserved in the *iractien of
tha Galactic Center §5 beinn in the focus of =**ention for atready 1 years.

It follews from narros width of the Tire (P & 2.8 keV} [::n rf]

that it is fonner' in a partially 1r‘n1“’ed nas with a deqree of mni?afmn

ne/naon and tem:grature T &5 10" [5?] - n Pefs. [B=! s£]. strorg

arqurents were adduced in favour of “the assumnﬁon that apnthilation of rn-

s'tmr's takes place in the recently discovered warm: 10~Szed ras cleuds 1g-

cahzed within the rontra1 narsec of f‘a'!ﬁxv arour'f‘ the comnact r'a'ﬁo snuree
Scr A* [“SJ The *4scovpr9d or 1":'1\“—'* variability of the Tine ‘?nter'si?v rn
the t‘i'-‘e'sca'IE of 0.5 wr [5] is in r'm:‘ af""eer-mt with that "'vrfr‘hpcfe

Thaere are ’ar more uncertainties as concernin the cr-;r-cp ~f nrgitrens,

1f the source of the nhservec‘-an':ihﬂation Tine 'is acturTly in the central

region of‘thé Ga‘ia'xy' and 'anr‘\.ihﬂatim:'takes nlace wia 1_nteri"=.-',"‘=l?e state o
the positronium [50] . then' we‘nhtai'n the renu'Fr;»d nrc‘:’fucticﬁ‘ ratesof nosi-
trons-aSSum'lng a stationary injection to the region of the ann!lhﬂnt'!’m tine
formation: - .

G+~2 10&3

‘In our previous work [1] it is shcwn that the.poéﬂrens may effictentlv

be praduced as a result of the develcpnent of the re]ativist:c 9Te:trc“a--

net1c cascade in hot raduticn-f‘omirated plasma with the mt*ca‘ e*eE‘t" te
photon—photon colhsmns ‘C'” »{ . The :mn requirements follovina From
the analysis of the Ga!ac:w_ Center chservations are satisfied in a rature?

1

way vdthm the framework of this metel:-the source commattaess [ < G

{Sl]- high effiaehcy of pcsftron‘ preductiun { Lo,st/L 3%, ! [m_f.E} -

evidence for a hi~h-enersy cutoff cf the snectrum near 1 Mev ["] relafs g

Ty low energaes [ & 20 ‘Mev) of nos-1trcns after leaving the source f“!_j

. ~

E ) ) . . 17



-

*

Tre presernce of Y-ray radiation from the compact central r‘eqion.,n‘ the fa-
Jeny Lx=§- 1-’!3.‘0" erg/fs [59,5@;] atlows us, to helieve that the r!e\)elor;—
rent of suchl 3 ‘ce;rsc'ade ray turn out rather efficient.

- Compilaticn of the observations .on hard electromagnetic raﬂia.;cinn in
the directicn of the Galactic Center, as t_akeﬁ frem the review hy Linnen-
felter and Ramaty [53] , 15 shoum in Fin.5. The errdrs for the 1ocla'l"|2at—‘=r~n
of the suarce \scurces’?) ot .various energy ranqes a2re larre ag cnmnared with .
the sizes of the assumed compact pbject in the center, there.‘ore we may

talk only about the upper 1imit of the Y-ray ’.um‘incsit_y of th.é 'Iatter‘.. 'f'é-
verthzﬂeé we here assume that the ¥-ray and narrma ray emission observed “in
the dir;ction of the Galactic Centér fis formednn the compact source, where
‘the productic;n of positrons respensible for the observed q[mihi'iation 1";ne,
also takes place. Just as in the case of active nalaxies, we assume that
the harg radiation with > 150 keV is formed’ due ‘to the devehpment of - the
eTectromagnettc cascade initiated by the re1at1 vistic part'ldes in the

feray {Ex ~ 1+ 150 ke‘.’) production region,

‘ In our calculations the absolute normalization to the value of -the-re—
qiired power of positron productien -~ 2- 10" 671 . s performed. In
,this case the value of the characteristic size of the active »~vion fiTied
isotropically with Lhe %-ray photens wds_varied unless the 'Iurn'inosftv of the
cascade -photer ccmponent with Exa- 150 keV thecome less or equal to the' ob-
} served one in the Galactic Ceater direction Lr3. 1'_3‘ erg/s ["ﬁ :ﬁ],"
The ca]cu]atmns show that the best agreement with the observations is
achieved at the source size R=3- 1'37 cm and the injection nowar of the
initiating relativistic slectrons \%'—*3 - 1.'!38 erg/s . f.he resuli desendine
weakly on the inital e]ect'r:an spectrum. Absut 70% of this power is re]eased "
in soft garma-rays with EJ ~ 1 MeV, wh'lch agrees with the observaticons

F1g_5L Sue to the substantiai ComptOn '!osses_, only an 1ns‘1_gni‘1cant port-

. ‘ ) 18
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ion of the preduced e1ectron—po;1tron natrs 1 £ 1% leavas the source with

~elativistic enerjies. Thys the rncuiremart hat the pasitrens reepnnglble |

*for—the annihilation Tine enter the ragion of the Tine Forration haviar the

energies less than £ 70 ve¥ [57] . holds, teo. Mere, apparantly. a7 At

tional meghanism is needed fer the nonrelativistic nasTtross Aelivery inte
the cold_annihﬂatipn region, -s_ay,'as a .resu1t..c‘ the fajecticn From *he
squrce under the pressure of radié;i’on.

It is §'een' from Fig.5 ﬁhat the turingsity e Togrsereray fn'ﬂn.‘nﬂ
{ £ 150 keY) produced at the cascade Aeveloprent is essen*tiaily "e<s ‘Mn
the prescritnd T mrosﬂ'y of the rhotan tarnet-field, which €20t i 2 cri-
terion of validity of linear approxwitioﬁ (rstat 1f‘nery tarnet” - see [1] A
of the cascade (*eve'lopr'm‘t applied in the rateulatines .

At the source sizes R»3- 107 e the- efﬁc‘ercv of the cascade deve-
1opmer{t is fallina dovin, therefore the nower of iniection o? the re1=tiv15—
tic e'lectro:is-rrore than 3 - 1038 erefs is needed 1‘n gréer to nrovide t'*n re-
quired rate of positron production Q 2- 1'? s'.l This autcmat'lca"rv

leads to gamma ray 1um1nosfty wh1ch exceeds the nb:ervef‘ one, Mote that the

restr'ictmn for R somewhat “softens“ (rearly (1 + ’C’es 1 times a§ muchl,

assumingﬁarge etectron scattering depth Tes of the target- p'lasm

The obtained values of the size of the active region ~R~1- 1
(1 + Teg } cm  and of the ne;:essary power of the re1ativistic electrons
W ~3 1038 ergfs ¢an be exp1a1ned within the- modﬂ of the cascade deve-
1opment In the hot inner zone of the accretion disk ( Tas ~ 1 \ apeund A
black hele with the mass M ~ {20 ¢ 50 M, . Wawever, more solid chgervate

jonel evidence are apparently néeded for such ar irmortant staterent.
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3. The X-Ray Source Cygnus X-1

. | . .

Fer many years, the X~#ay source Cyg X-1 . has heen Eonsidéreﬁ a most
probable candidate for a black hole (see, e.g. [58] }. The crucial arquments
in favour of this hypothesis are the X- ray source compactness and the mass
estimate 6f invisible conponent of bynarv svstew M o~10 M, exceedine the
adr1sswb1e values for z- neutron star

The X-rays are generally cons1dered =] nroduce fn the accre?ion disk
around the black hoTe, aTthough the possibility of the spher1caT1v syrmetric
accretion cannot be excluded. Notwithstanding the availahility of varions
models of accret1on, most of investigators are solidary with each other that
the X-ray em1ssion 1s formed due to comptonization ef Tow=-Freauency radtafiot
“1in hot accretion plasma with the temperature. Te=3- 1" ¥ and electron
scatter1ng depth f}m‘”i It fo1lows from the intens1ty fluctuations that
the characterist1c size of the X-ray productfon region by an order of magni- .
tude does not exceed 10-50 gravitational rad{ii at M = 10 Mo

The analysis of spectrcmetric data of HEAD-1 shows that the X-ray
'emiss1on up to 150 keV ‘s .approximated perfect1y by the comptonization
spectrum [12] at a plasma temperaturer K1;= 32.4 E] 0.4 keV and optics?
depth  Tpo= 1.6 and Ces= 3.9 for disk or spherical geometry, reﬁpect-
1ve1y.[5§]. Howevgr a hard component of radfationr('% 20N %aV) observed on -
the HEAO—I;_testifigs to the spectrum flattening near 0.5 Mev' [59] . Nolan
and Matteson [Bql‘assumé that the high-energy excess may he 1ntenpreteq as a
broad emisston Tine near 0.5 MeV from the annihilation of the electron-’
positron pairs in hot accretion p1asm§f

"The most‘sfgnificant mechanism 6f the'é1éctrnn-posftron prlasma Formation

in the accretion disks 1§ pair photoproduction tn photon-phetor collisions.

2.
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However this mech!anis:“ for moderate values of optical fepth  Teg~1 he-
comes efficient endugh only at tewnera..ures KTe »1nn koY, Bt the same’

t1me, according to Ichimaru [61] , 2 vathrs temperature attained in inner

-

regions of the accretion disk is

KT zo7 vy 7 1017 g7532/8 ¢ Lx 70 10” erars) Y fev
On fhe‘other'hand, the’ temperature KTPAOH keV ¢ont radfcts the
X ~ray spectrun . . '

e here assune that the observed spectra'l feature at about SN7 ke? is
of nonthernal nauure, nane'ly is associa;ed with f"'r'e develgnment o.‘ the‘__
cascade ‘Im—ttateu by the relaﬁvistk ele,truns in the ‘rner zone |
TR~ (3 100 - R3=(I < 3} "J ""/"‘ Mot c'-'"}-o‘ the accration flus
Ir our calculations the plaswa terper=ture KT- I YoV apt prtical Aspth

4——6 were taken accordfnw to the X-ray soectw:m Ef~ B chge “"rs raleytat

-iona! curves of gamma-radiation from accretion plasms Frr tun valves

10 cm (-—--) and 3 - 19 cm ( ) as well ag For the srercy o the faf.
tiating electrons 100 MeV. uighly similer results ore nbtatned aTse fn tha
case of £ = 1 GeV. The efficfency of conversion of the fnf*.a\ eneray of
e'iectrons tnto photons in the regﬁon of ~ N B MY amoynts to < Y,

‘From bere we. get a requirement for the Dower of Accelerated electrons We:

"'1037 erg/s to provide the ohserved +'L|x {r soft garma-ravs, which 4s

“only 12 of Eddington 1uninusity of thn so.Jrce f'*»' = 1N Mg )

-~
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Fig.l.

Fig.2.

- Fig.3.

. Fig.4.

Fig.5.

e FIGURE - CAPTIONS

The photon spectrur of NGC 4151,
The photon spectrum of MCG 8-11-11.
The photon spectrum of 3¢ 273.

The phioton spectrum of QSN 0241+622.

The Tuminosity Es'a function of photon energ& from

the reg16n around the Galactic Center.

= “&pfica11y,tb1n'piasma" model of -
L1ngénfe1ter and Ramaty [53]

— “cascade" model;

Y iy L3t '
R=3:10" cm and W, = 341077 erg/s-

The photon spectrum of Cyg X-1.
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