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I~ our previous ·paper [1]'· we ·-have investfgat~ the ·developmen~. of the 

electromagnetic casc~de fnitiatec!'-by the relatfvi_stfc electro-ns and gaJmta­

rays in the· rad.fatlon-domfnatesf plasnB. In the present Paper~ discuss a ' 
'• 

pOssfbHity of production e:f the .relatfvist~c electron-photon showers in 

compact X-ray s'ources .• 

1. Nuclei of-Active GalaXies ard_QuaSars 

At p~esent, it is establish~d reliably-that the e_xplosfve rhenomena in 

'active galaxies are con'nected directly ·with the activity of their nuclei. ,. 
AlthoUgh the prfnctpal indiCation's. of the activ-ity Of the galactic nuClei , . , ·. ' ' ' 

~r_e fortll.llated_ by ~~~tsu:rriian_ as_ ·far bac~ as-195~ [2] : ~hl ~at~r~ of the 

~power _sourc_es ·is however va_gu~ in rna~ re~pects up, to now (s~e-~ e.g._(3] ). . ' . _, ' - · .. _ . ' " . 
A~ model tha~'claims as to_e~plain the' nature of ~ctive galactic nuclei 

rru~t prQvfde·high luminosity (up to_.lo47ei-g/s in·q~asars),--~oM time,vari­

ab11'1~ (" 10Zs) ,"and l'el~t1vely long lifetime ( 107 yr: >f ~~ese ob-
. '\ ' f'. . . ·-· "I 

. jects-.. 'Three models···qf nucle.i. of actiye galaxies: are ·.:.onsidered at PTE!sent . ~ - . - . 

as MOSt-approprdate ones: a_~sSive aCcreting bla~t hOle, a massive spinar • • ' - t- -- • • .-· • 
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(magnetoid), and a dense star (pulsar) cluster. The observation data avail­

able do not, unfortunately~ allow to choose ~nambiguously between these·mo­

dels. and the more so_ to construc;t a.non-contradictory theory of -the nuclei 

of activ! galaxies an~ quasars. In construCting such a· theory, a more de­

tailed study of wide spectrum of electromagnettc radia~iori in~luding X- and 

gamma-ray ranges seems highly important. Certain hopes are set also on 

ne~tri no~astronomy [ 4]. 

Incidentally, the observations-on_ specializec' X-r(l.y satellites tlave 

already .made an essendal contribution to the extragalactic astronOMy. It 
' ' 

is established, 1n particular, that one of the most characteristic featu~es 

' 
of the active gqlaxies and quasarS is their powerful X-ray radiation. Small 

timescales of e:mission variab1_11ty (102 
t 107 s) combiiled with high lumi!'losi­

ty strongly suggests that the X-rays a·re produced directly near the power 
' 

sources. For a number of the nearest actfve. galaxies, particularJy for 

Cen A and NGC 4151, on the observatory nEinstein" the direct evidence are 

obtained that the main portfon of. the observed soft X-rays is originated 

' in the compact regions coi_nciding wi~ the nuclei of these galaxies. 

The HEA0-1 S.Pectral .observations of actiye_-galaxies haVe shown. that the 

spectra of the active galaxies ex~nd·up to the~ha~ X-ray region, the mean 

active galaxy s·Pectrum created from the indjvidual galaxy spectra, is best­

f~t i_n the _ra~ge -2-120 k~V by~ powe.~.!law ~f index 1.62±0.04 [s]. Sim1,1ar 

hard X-r~y spectr:a are obServed aJso from ~o nearest q':'as~rs 3_C 273 and 

0241 ~ 622 [6~8]. The, powei--law character of X--ray :spectra of the active ga· 

laxies a~ quasars can be explained satisfactorilY in the framework of both 
' 

synchrotron self-Compton {non-thermal) model and b~ c~pton1zation of low-

frequency. photons in accreti.on p1asma around a massive black hole (see, 

·e.g. [9] ·) .. If .the X-ray ph~to~~ are p~OOuCed due to the sy~~rotron se1f­

Com_otgn.._~-~h_an1Sro...,. then ~e spectrum of the· rel~t1vist1c_ eleCtrons n'll~t be 
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power-law one with the.index fe z2rx-1::r2,2 ·Such_~ spectrum ·of el~ctrons, 

accordi_ng to Lightman, agrees with, pf-edictions for ·shock accel~ra'ted elec­

trons in cores of active galaxies. ·A ~haracteristic fea;tuY.e ·of the synchl-o-
. ' 

tro·n self-Compton mOdels is the ·pOssibilitY {at th-e;aporopdate ci(lice r,.; 

the value~ of magnetic field--and injectton spectrum of re.lativistic elef"­

trons) of s~lf-cons·is-tent expla.nati~ of a wide range· of electromagnetic soeq­

trum. 

The co_IT!ptonizatioi"l of low-frequency radiation on therma1 electrons ().& 

hot plasma results in the: formation of .. the. power-law spec~rum of· photons nr> 

to the energy of 3 kT·with the -subsequent exponenti~l ·behavi'our at Ex 9 3 n 

[10-12]. According to the HEA0-1 data, tt)e mean act'ive oa1axy 1_X-ray spectrufll 

is best-fit by the ·c~ptoni zation spectrU.m at· the plasma te~T~Per<~tCJte 

kT • 25 ·± 10.'2' k~V -and electron- scattering oPtiCal depth· equl'll· to 't'es z: 

4.53· ± A-:~ Ts}. In th~ bla~k-hO:le models of tile rower source, .I'>Psi',.fps tl-)p 

thermal (comp.ton1zed) X-r~y cOIT!porient, · als6 the· o'ther 'h1g_h-enerryy to!"'tlo'nent 

_is possible due to acceleration and ·1nteri3ct1~n~ of th~· relativistlc nart­

icles in -the accretiOn ,pla~. The mechanisms of the paJ.~fcle oiccelera-t1on 

in the vfcinit.('"Of massivE!'blac~ tlole~ were discussed by KifatiJs et a·1'· [13] 

Garrma-rays can be produced .at both--~fnverse comptOn· Scattering of the relati­

vistic electrons on X- rays and 4ecay of. secondary 'ST -mes_ons. gener<ited in 

the inelastic_ (p~p) col.lfsiOns. In two-t~~erati.rre aCcreti_9n ~isks '[n] snme 

contribution tc) gan11Ja-radfation can be··made also by ~ -mesons'!)~dU~ed in 

the interactions cif thermal prOtonS of· acc·retfun plasma wit~ Jhe 'ion ternpera­

'ture T~ -.. 'iOi·l K. However the ef:fi-~iem:y o1: thiS ,.,eChant~m -Of gamm8-raY 

productiOn in accre.tion pla-sma f.'S apparently· rrot· tbo h'iqh "[14 J. 
The- extraga 1actic · ga&-radiatfoi1 from· the discrete sources . in t~e ra-noe 

1 :.10 MeV was ·ctiscov~r~ for the first 'time from the radio ·oa·la:xy Centaurus ~ 
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[1s] ~and Seyfert g,ala~y NGC 4151 [16,17] . The Soft gantna-ray iurninosities 
44 45 of these ·gala~ies { ""'10 erg/s and -10 erg/s, respectively) ex,ceed more 

than, by an order· their luminosities in ·the other ranges of electroro.aqnetic 
radiation. The presence of a M~V "bump" in .the radiation spectrum is aona­
rently the common property of active, gala~ies: up. to the present ti~ soft 
samma-radiation from two more sources (Seyfert galaxy M~G 8-11-11 and 
quasar 6241+622) are discovered [18-20]. 

The hard garrma-radiation ·is disco·vered from the Quasar 3C 27:-:! 
( <> 50 M~V) [21] , and pe~haps from th~ NGC 4151 and 0241+622 ( ;> 100 M~V) 
(22,23] • though the reliability of 'observations for t~e last two ~ou.rces 
is not too high. As was mentioned aboVe, in the framework of models explain­
ing the X-radi~tion of nuclei _of the active galax_ies also· the effective pro­
duction df gamma-radiation is possible. However, because of the extreme com­
pactness of the sources, free escaping of gamma-rays. from the production re­
gion ;is practically forbidden if the X- and gamma-rays orfg1nate fn the 
same sourtes. As a result •. in .the sources the relativistic electrorl-photon 
sh~ers are initiated inevitably. Spectre of ga~-rays and electrons es­
caping frOm the active region are determined in mant respects by tbe condi­
tions of. devel ppment· of 'h1gh-·energy cascade. 

a) Th~ Seyfert Galaxies NGC'4151 and MCG 8-11-11 

The' X-emission of the Seyfert type 1 galaxy NG~ 4~51 is characterized 
by hard power;- law· sp.ectrum. AcCording_ to tlie..HEA0-1 data the index of power-
law approximation in t~e energy range 2-120 keY is rx= 1:50±0.02· (s]. 
The x-ray var'iability of this galaxy h.as been observed on tfmescales ranging 
from >700 s [z4] to a f~ days [zs] . -Iil the region· of hard X-rays the 
spectrum somewhat flattens ( lx~l) rea-ching (1-2) !'feV, and fu~ther on it 

• 
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steepens sharply (see Fig.l}. The SAS-2 upper limit of .gamma-ray "1\JX in t~e 

· 30-200 HeV range a.lso ind·i:cates the pres'ence ·of cutoff at !1eV. enerr,lies in 

the spectrum. It Should be ,hoWever n~ted that the finite flux of hard oal'J'I'la­

rays from NGC- 4151 exceeding by-an order the SJI.S-2 upper limit, •t~as rP.nort:ed 

by Gal per et al. [22] ; ;he- cOmparfscn of the •spectrum .of the 'r!r.C t1151 wit._ 

those of_ quasars 3C 273 and n241+622 poi~ts out that the result of [22], 

despite its insufficient s.tat_istical coiifid~ncf', does not "fa11 out"-notice­

ably from the assembly of data, _and HS tontradictton with th~ ~/\~-?.: d;ota 
i· ' 

is p'ossibly due to the~strong variability which takes !'!lace, part1cul;or1y 

in the--_MeV region. It follows from the comparison of thE' results obtainer! 

by different groups du~ing 1977-1<?79 that above ....... n.·s '~eV the flux channes 

by a factor-nf 3-10 

source d ,::::: 20 ~~pc 

on. a. timescale up to-1 yr [27] . At a rlfstance to the 
d5 

the mean low-energy gamma-ray luminosity is -tn er~fs, 

which is essentially higher than 1n all other electr-omagnetic wavebanr!s·. 

In the models NGC 41St .wt:tkh explain bo~h ha.rd X- <l:nd· gai11T'.a-rarf1Hion 

by the inver~e Compton scattering of-relativistic electrons,. the aQreement 

with the observed spectrum is ach1Ei:ved by certa-in assumpt·fons ·on the stl.:tpe 

of pri;ry electron spectrum. Schlickeiser [28] has shown that _tl''!e' ,.:P.quire­

ments to the primary spect'~m of. el_ectrOns are rninilf'izei:l in··case of their 

·scatter+ng on soft X-ray photons. Howe~er ·the second key asSumnt1on on-tr~ns* 

parency of the producti~n region for gamma-rays 1n the nonth~al C~oton 

models in case of NGC ~151 is not fulfilled, since the scft X-ray ( .6. Hl !reV) 

production region size , as follows from· the r!iscovere·rl "'v !!hurv X-ray 

J . n * flare with, a duration of 700 s [2d •. does nOt exceed ? •.to · em 

• 

1>1 ..... 111111~ ..... - •• ,,, .... ~-· 

Although no more X-ray flares of NGC 4151 we.re so far observP.ri, _1-Jnwever. 
the fast X-ray variabili-ties of the· Seyfert oalaxy ~tr,c 6P:ttt--(6t-6, !,as) 
discovered by HEA0-1 [29] an~ quasa.r. ·OX: 169 ('at 6 VJlf-_ s) found hy 
E.1~te1n observatory DOJ testify on relia~ility of· the !Jhuru resti1t [24]. 
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·In the 'thermal·models of NGC 4151 it is assUmed that the samma-emission 

is formed in the hot accret1on pla·sma· with temp~Y.ature Te -5 ·109K (see~ 

e.g." [9] }, for example, as a reSult of comptonization [31] or ann11111at~on 
of electron-positron pairs 132] . In fac-t, we encounter here the oroblem 

of the hot electron-photon "fireball" which apparently takes place 1n the 

sources of gammawray bursts [33] ·~_UnfortUnately, the Problem on dynamics 

and particularly on the emission spe.ctrum of such a- "fireball" is not 

solved so far. Therefore the MeV's "bump" in the spectrum of NGC 4151 -can 

be .explained by the radiation of thermal subrelativht1c plas~~~a only qu~li­

tative-ly. Moreover, there exists one essential, to· our mind, argument 

against the "thermal nature of soft gall'l11a-radiation of ~GC 4151~ namely, 

the _observed garmi<Jwradiation· from the quasars. 3C 273 arid 02~1+622, and 

possibly frOI'!l NGC 4151 itself, which surely is not associated with the 

therma-l plasma radiation. 

We assume that the observed ga~m~awray efllission _of NGt 4151. is a result 

of the development of the relativistic electronwphoton showers in the active 

region -coi,nciding wi_th t~e Xwray production reg:ton. Fig.1 presents .the 

spectra of NGC 4151 in the range 1_02 - 105 keY calculated ~ithfn the 
• 

"cascade~' 'model. The calculations)1ere done .fof. the spherical qeome~ry of 

the source. The X-ray photon density .at a given size of the sourc~ R was 

taken 

___--- wher~ 'C'e5=57 ·R·ne is the electron_scattering optical depth, ne is 

the p}asma .electron denSity,_ <P (E}() is the observed flaX of the .. X-rays, 

·d is the distance to the source .. 

:The X-ray- emission of NGC 4151 up to the 100 keV energy is satisfacto- . 
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rily explained by both synchrotron self-C~pton mechanism (then· the· density 

of the~l e.lect_ron_s ne·. and correspondingly t"es may be ·con~iderec' net'!li-

gibly sma11) and comptonization of low-frequen.cy photoris in acc'retion therll"- • 

al plas~,· The histograms-correspond to_ the case when the haf'l'l X-rays are. 

produced at scattering of relativistic .electrQns· en their ow~ synchrotron 

photons. and the cascade is initiated-by primary ~lec.tro·ns with the power 

1 aw spec tr··um i il the ran.Qe 50-StJbO MeV wit~ the i nc!ex. fe = 2 I;_ -1 ::::: 2 __ Tt1e 

comparison of theSe hfsto9rams with the e'xpe.rimental dat'a shOws· that at the 

source's size 
5 ''' 

R ~ 101 em (curve 1} the calculated- spectra 'do not aqree ·.-

with the observations in the energy region above 100 MeV . .A.t Smaller sizes 

of ·the source the yield of
1
high-energy phOtons is suppressed due to phOton-

, photon co)l isi~ns ( 'L¥K "- ( R /1015c~)-1 1 
at E t '= 100 MeV), IF, particular, 

14 ,, ' 
at R = 10 ·.em a sati~factory agreement or the theoretica1 spectrura 

(curve 2} with the observations is, achieved; the tra.ns'(ormation of primary 
/ 

electron energy into high-energy photons being very efficient ( ~ 7n%}. 
·\ . ' . . - . 

The photon spe~trUil}· initiated also by primary gamma-r~ys with. 

E10 = 100 MeV in plasma with 

' 
electrorl temperature KT = ... 3, keV an-:! 't'es" t 

is given for R = l014cm (curve 3). It is also assumed that the X-ray 
i· . . .. ~ 

photons up to 100 keV are formed ~ue to comptonization, and fnrtir~1. Qa1;1!"1a-

rays are pr_oduce_d from ,the decay' of s~cond~~Y g; -T'!'Iesons. 
. / 

!if -r:esons r-r..y 

. ·' . -
produce in .inelastic collisions of thermal nucleons of plas~ N1th ion tern-

peratur.e .. T 1 ·- 10
12 K. More effective is the production of !if -r:!esons '~~ 

' 
interactions of acceler~te~ in accret1on·plaswa protons with ambient 

thermal partic,~es [~. 34]_. In this case. together with g1\mrr.a.-rays an~~ 

e)ectrons also accompanying ,igh-energy -neU:trfn.os ( > 1 :reV) are nrodute~. . . . 
Using tt1e calculatiOns of Berezinsky and Gf-nzburr. [n. Jon th~ Y1elr:! of qal11f"r\-

.l , I • - ' . 

1 rayS and accOillp,anying neutrinos in (p-p} in~ernctior.JS anC ta,~in~ intp account 
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'that nearl,Y 71J%:of ener2y of secondary ('~ro~ fff -t:!ecays) electrons-, 

-positr~r.S .anc' .garn~:..rays transform into photons of the energ; -~ 3 ~V, 
C'f'!~ car. obtain t!l~ expected flux of neutrinos from !!GC, ~151 rrovHed t~e 

r..odel of ~Berezinsky an~ Ginzbur-g [11] be realized. Th1Js f("'r the ri)W'er-1"1\ot 

spectru~ of vcc~1erateC' photons -with index ~ "'i.> , 

• 
!::: 101) neutrinostm'-yr J 

aml for rp .~2:i,p_it i~ ap·p~oxirr.-3tely_ by one ord.er/less. Such fluxes car. 

be rr:easur~d by proposed· 'D.tlfo!AND array., 

' r·1ote that a chilracteristic size of t!-1e SOUl"C!' ·R:::nn1t!cl" in 
I. ' 

"t·lackhole'' models, where the fl".ain Pner~y rele<>se o4' 'lr:creti_(\n ~.:''-' 

;:: distance 10 R~ ' R 
_ 2GM _ o--.--

d c . 
ic·r·-'11 ·radius), cr..rrcspcnds to the ~?.ss of black 

~t-o~r': 10% of Eddington luminosity . 
~5 ~G be released i~ ~- ~nd 9Gmma-rays. 

~o1t> r.11 ....... ,~~ ~0 

2YTRg'mpc 

C"CCurs "'t 

·i.!ote that the obsei"Ve1 lu"!liJ"'!osity 1~"' 11!; erg/s o~ ~!~r. '!151 sets ~ low~~ 
' 7 

limit on the'-central blaclo: "tole nass: ~' ? 10 ~e. ('n the other hand, fri.Y'! 

the obserVed X-ray rapid variability { -1nn s) it follows that "if thf? r~"i­

a~~on J;s produced in the inner zone 6f accretion disk, then t~e b1ad: !,ole 

mass does no-t ex.ceee:l 107 ·M 0 • More.precise calCulations_. with accountyf 

radiative transport effects -yield a lower v~lue M ~ ~ • li)F! Me [24] .' Ttjis 

means that if the central accreting hlad hole is the nower ·source of 

tlGC 4151; then the soft. X-rays are rrOOuced-- ou.tside the rer!ion o-f. thP ~in 

,znergy liber_lltion, i.e. at a !iis~nce R~lrt 0 C1. '!"t·le ,~serve~ intensH;v­

increase by a factgr of 5-1\1 ~n a timesc~1e r-r ...... 7rtn s is" ornh?bly 'the rP-

sult of-local _l-ray burst. 

Do the hard X-rays and gaim.a-rays rea_lly form 1n tl'lat "hrrt: s.N't" a:fld 
;..- . - \ 

are they, hence, t~e r?nifestatfon c-f 1x;:.1 ar::tfvity? The C<l.lc~'htions_ r~ 
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the! citsCade in the regiOn of-· 2 · 1013cr size filled by soft X-~"<lys ( ~ Jl'l ~P11 ) 

yie-ld hard power::-Taw spectra of'' qamma-.rays. up to· 50 ,.,.e-V, which C('lntre~"·kt. 

. . 2 . . 
obviou-sly the observations." Fonr.aily, one ':lay acM~ve rrf!rP.' o)'- l~ss satis-

factory ·agreement, assuming~ tha't a·lso the observed x;..r~v 'J:!I,f'to·,s···ur.o to 
' > ' 

100 keV orfginate.-in ·this "hot ·spdt11
·• HOwever this asS-~rn"tio-n rf~sarlrees 

with. the mocteT--tndepe!ld_en~ relation h~tween the x·-raY ·1ulliinosH-Y 'L)( -~nc' 

timeSCale' of vari.ab:_fHty Lit· '[9] 

where: -~ is the effkiency of the matter conversio-n to the ~r~Ciation. 

For L\t ...... ·700 s and·X-ray ~·uri~~si'ty,fn· +he ran:e--?--izn:-keV, 

5:•1043 erg/S, .we afrfve at. ti r,equ,~r:-emerit 'for 'i.'~_'!".n3, w1"-f-:h ~?Ve-n· iri. 

the "black'-hole" :models {ta-ki,n.g iinto a'c.Courit that th~- ra'~irltf("fl -i~ rroo-lUc~"' 
. - ... 

Outsf:det-th~. zOne oif'_.pj~fr. energy, ,:_~teas_Eif S~e!IIS SOfl'l€\fth<\~ !'r..;h_J.b-,:;tic. 

It foil~s_ fr;ofn ·the c,al~~:l,aHoris. ~h_at :the bes~ /·r:'"~~etl,~.' o·f t"il'! t"'~n?"e 

tf.cal-. sp~tra. ·w.ith the. o~:S_e~attorls fs, aChieved· at· tf':l.e ,~Ctive rerr'10r. siJ:es 

R~tol4,- 3 · 1c14cm~ ti·[ifoT:tunateT-y, rroSt· Of. thE(!'I-ias~:~re~~"fn~S ~~\Ien-ir 
' '• _, -, ' . "i . -~- - . 

F19.1 a.re attributed. tCt different· times . . qf" obsen:attonS, th~r,efore the 

further verificati-on of _the· caic~~e p:~r:-~.n:eti!';rs· 1-till :b;e n-Ossi-b:'1P bnli~t 

av.iHabili~ of data to ·be obtatnea S~fllU.l.tqneoUsly--1-'n \·iide ·e·n·~ri'>y fi!n~e. 

Retently, the Soft _ga~-emission wa~ d.i.st:overe¢ frc:r. t'fte Typ'e 1 

_Seyfert galaxy· f1CG.8-ll~ll _ [tsJ -. rhe ~bserved sPe~i~a-r fe~-t~rre Jt !-~ev 

ef.ergi~s, na!fl~_ly,. s~:e~~e~\~n,~. o~, Jhe. ~J1~c;~r,u,m. 1_~ hi g~ly s
1
i,milar t9. that cf 

NGC 4151. Th,e -~~ray. ~lis,~tC?Jr: 9-[-.t.his_~ourse ug to the. enerr:<Y ZO keV i.s ...,e1~ 
. . - . ~ . , :· ·:,. _. .. - ·' '+n ~- . 

-approximated_ Oy.a Q.~~r-J~.\:f ScP:.e~~r~m wi~~-the)p~.e-~-- . rx=-1:6 ~c:2·:·_ [35] 
. . ' . . 4~ . . - I 

The- lum'ln_q~_tt!- i.~.this r.a!fg_e_~·is 10 .erg/s_·}" the:hard·:x-ray r.el:" on· 

{.' '¥ 20 ke~) the data: of .th~ HEAQ~1 a~~: ba·11oon ~~pf;r~n:~,rit~ qi~~~re~ 'rlith 
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each'·other, which apparently is c.onnected with the radiation va:ria.biiity. 
' I 

X-ray variability of the·.source on a .timescale ~ 30 days has been reported 

Fig.2 pre~elitS the spectra _of garme.-ray emission of f"CG ~-11-.11 calcu­

lated w·ithin the "cascade" model. It was assumed ·in the calculations tt,at 

the cascade is initiated by the relativistic· electrons, ·tha-t oossess thP 

initial spectrum with the index' re = 2 in the ran~e 50-51)01'! M~V, in tl:!e 

"fi-eld of 2-20 keV photons. For a characteristic size o"!' the act~ve region 

R = 101<1cm, the agreement r:f t,he theoretical spectrum (curvt;o 1) "'ith the 

observed one up to the'hard gamma-~ay range, where the unper li~it of the 

flux is obtained by -SAS-2, maY be Considered satisfactory. At the sa~e time, 

an obvious disagreement between .. the calculated. (curve 2) rmd ohserved -, 

spectra is encountered at R ~ 1o15cm~ The disagreement can ~e "smoothed I . . . 

away" assuming the initial elec-~ron spectra are steeper, or adrnittin!"l thi!t 

the observ.ed in ~he range "' 20 keY spectrum of X-ray photons extends up to 

the hard X-ray region ( -100 keY), ~hich, in particular, takes.-ola-ce in 

NGC 4151._Note that the size -1o15cm from the· energetic viewpoint is 

mo;re adVant~geo.us f~?r MCG 8-11-ll, possessing ganma-ray luminosity 

Lt""""' 7 1046 erg(s. In. particular, for. the .ac;cretion disk. m_orle~. this 

si,ze corresponds to ~e centra.l. black hole mass ~ 109 M and re.soectively 
. 47 

to the critical luminosity ~ 10 erg/S. 

b) The,, Quasars 3C 273 and 1)241+622. 

in -1978, the ·hard gaT!IIla-rac:!'iation waS dfscovered f'r(.'ll'!l tile quasar 

3C 2?J ~n the COS B satellite. The proton .. spect"'!" ol:iserved fn the rannP. 

50-800 ·MeV iS approximcited by i'he power-law -with 'the index 

+0·6 [ ] r~= <.s _
0

_
3 

21. _ 

)ower-law spectrum with 

3C 273 is also a .powerfu1 X-ray ~~{ter with a 

·r:=l.68±0.14 'up· to l2'J keV [6,7] . The-QSO's 
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X- _nd _garm1a-ray luminosities. at a COS'11010gica1 ~istancf' tc the SCIJrce· 

d 
% = 360 f'pc ~ i! =0 .158, Ho"' s= kt,L/S t-1oc) -are ., 1(1 er~/s and 

3 '. 1046 erg/s. respectiv~ly. 
' 

The QSO is' variable in the X-rays. Tt was rcporterl "n var'ic~i1it.v ~n 

the 2-60 keV reg1on on timescale of a~~ut i.onths [36]. The variahi1i:y in 
. \ - 11 

the ess:enti11lly shorter timescale (5 · 10 s) was discoverc-i on tt-e Einst~ir 

Observatory in the soft X-<ays [37]. This .tes"tifies ":o C~'m!"'actness' of t!;e 

X-ray source (sources?}: and henc€ large opticar-t1ertt'l of the X-r<'!y l"!rn­

duction re~don to photon-:photon collisions [?~,1?]. 
The development of the relativistic e1ectrc!'I-I"I~Oton cnsc'~"'e shc~>ter ir 

·the 3t 273, assumins that bOth the hard X-rays an·· !aP'~"'3-rcys ori'Jin;;te frm 

ll·!lllll"'"'" "'""~'' 

the same region, \'laS consiriered for dl~ spherio1 <'H"Ornetry witt: t"" 
purpose to ,study the possibility of the· coincic!erce o~ '!- il'nrl !'1,,rr<...,'!-rro·:' 

-production regions. Fig.3 shows the soectr~ of the (l3.!"'ff''CI-r1!y erdssicn ., 
emerged from the source for spherica) qeom~try and fcr.'7'onoen€rl'!etic (with 

_Ero = 20Q mc 2) and p~er-law (with f"i= 2) specir.:~ o.f initial par-rf.a-ravs. 

It follows from the calculati01ls thr~t at R« 1017 
Cl!' the r1ajor- nortion 

of the initial gan111a-ray energy transform into photons l'liti-J ~ 5 ~eV ener-
1 

gy. for which the source t~rns ou:t transparent (curve 1.). rn this case t:he 

resu.lt weakly depends on the geometry_ and initial ~a11"!111a-ray s·rP.ctrt}m. Thus 

we can claim ..that the·hard garrrna-rcidiation is produced. f·ar f'r0"1 the var1ahle. 
' - • • ...._ • I 

Einstein observatory soft X-ray source (0.5- 3.5 keV), whose Size, as it 

follows'from the short term variability, does not exceed 1015c~. 

From the 'R~ 1o17cm, an efficient 'release of gamma-rays wHh 

EX ~ 5 MeV also becomes possible (curVe 2.). ,!,s "Cdd is yet grei3ter 

than unity ( --10 at R = ro17cm), an essential transfo~ation of the 

initial spectrum occurs as before·. Thus, for~ R.= 1n17cm an~ _tl,e pro~vct1r:-i'l 
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power-1aw spectrum with ~.= 2, the resulting spectru"l of escaping ohotons 
"" 

withEO'? SO MeV has an approximate powe'r-law dependence wit., a_n index 

fi"' ·2.S (curv·e 3) being_ in· agreement with the COS B data [21]. "-:ote that 

a similar result. can be obtained in case when the cascC~de is. initiateC hy 

the relativiS1;ic electrons. Then aprroximately.1n% of the tot31 enerqy 

stored in the initial particles _remain in the hard qamma-ray~ with 

Et ~ 50 MeV. Hence we cHain a require!'1ent fnr ~ n~cessa·ry l"'CMPr o.c the 

A7 
energy reservOir "'3 ·10 .erg/s to expl~tin the ohserved .f'1ux o-r h"lrrl 

gamm?-rays. Approximately a half of this luminosity is released in th~ 

range of soft gam:na-rays. For comparison we point out that in.all other 

electromagnetic wavebands (from radio ur to _hard f'aTilrlla-rays) tt:o lull'inn~i'l;y 

of 3C 273 is 2:5 · 1047 erg/s [39] . unfortunately, there is. M s-c 40n; in­

formation on 3C 273 in.this, perhaps most·i~portant {~ro~ the v1ewroint n40 

energetics) range of soft garrrna-.i'ays, whiCh doe,s not pemit to conduct 

further verification of the cascade paraMeters. The q~asar 02~1+€22 is,in 

this sense~ more "infore.ative". 

The search of X-ray emis~ion from unidentified COS B qawma-ray sources 

has shown that the X-ray source 4U 2.'!1+61 from the "-th Uhuru cataloo falls 

into the error circles of the garrt"a-ray source CG 135+1 [~IJJ lat~r Jm, 

·the X-ray_ source was identified reliably wit_h ,the n~arest quas"r n2111+~22 

[~1]. Because o~ relatively iarg~. error box ~or the 9rHl"fn~-ra.v sour~e 

.CG 135+1 , the question On the i~entification of the latter with the quasar 

0241+622 is left open. Some more ob~ects besides the quasar nz<1.1+fi22, in 

particular the highly variable .radio source-GT 023~+€1 [42] being at a 

distance ...... 2.5 kpc, fa11 into the error box of CG 135+1. ' . 
Fig.4 show's the observed spectruM of the quasar 02-41+622 ndmitting that· 

CG 135+1 :; 4U 2.41+61 = 0241+622. For such a ~ypothesis, besides the argument 
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of great similarit~· of the quasar 0241H:i22 with the ryu;.sar 1C ?73 rossessinr 

hard gamma-ray emission, there exists, to Our IT'inC, or.P •nore 1mrlcrta!'lt e-virl-

encc, namely the observed soft ga!!~a-;·ay emissil'n in the directJ~n 9"' 

CG 135+1 "[19,~0] . By that, CG 135+1 'differs fro!"!' tile other unidentifie:l 

COS 8 sources [22] and may reserr.ble the nuclei of active ge1axie~. 

Fi~A give::i together with the observed spectnu'1 of t~e ~~() 24J-t.6?.2 t!':? 

cilcu1a·tt!ci within "cascadE>" model the spectra of fJ<Wrf"a-l"ays for t.~o _c~ses: · 

1) the cascade is initiated by the relativistic eiectrons ~lith tr.e rril'1ary 

power-law spectrum ~lith re,=2 (50 ( Ee 4 snr;o ~eV) ir "l "pure" X-r<'!y 0?.s 

f; = 1.9; 2 ~ Ex." 100 keV [a] ); 2). the ca.scade is initiated tw 

gamma-ray with E,( SOC r·1eV in the' accretion plil.sl'!a 1~ith KT == .,_, re1/ .!J.n~ 

'Ces = 4. ihe best fit with the exper1Meht3.1 di>ta is ac~iev"'d at i'l c~->a"'C!C 

. . . 15 1 l R " 
teristic siz.e of the actlVe re'1ion R"' 1·lfl .c~ \---- 'lnd ·. = ~"1- rM 

( -.. -·)for the cases 1) and 2).~ tespectiv_dy. 

c) The Radio Galaxy CentauriJS' A/!IIGC 51?F! 

The spectrum of X-ray emission of the r,:>Sio Jalaxy Cen a.1,~~GC t1121':l ic:; 

similar to that of .t.he active galactic nuch;i. As in the case with the 

Seyfert gdlaxie's NGC 415.1 and MCG 8-11-11 '· the srectrunl of Cer .. '\ ex ten-is 

up to the region of soft' gamma-rays where the luminosity rea~es its raYi­

mum [ 1,_5 -,43] . Therefore, by ana 1 o~y wi ~h ·the above-ccnsi der.ed sources. the 

spectrum of Cen A can be explained b/the castade deve1oor:ent near !!-)£> 

1' 
central power source with the characteristic size R==- 1" err. ~t the s11re 

time the_ radiation of this radio galaxy hi!S sin9ularities that r-EI~~> it 

different from the other active galaxies. tn._the first place it concerns 

the ultra hig;1 energy garrrna·-rc.ys ( ¥ ·300 GeV) ~4] i!nd -~1so the srr,ctrc>l 

features near 1.6 MeV and 4.6 MeV [15] found in the direction of Cen f'; 

•· 
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At th( sa~e tir•e, 170~a-ray lines cannt:~t "'flT"I'Irent1y "e ex.,l.aine~ ._v t~e> 

' . 
reldtivi~~.k eh:ctr.:.n-phcton showers. Thn•J(Jh, i"' t!"lnS.e 1in~s <'!"'.e.r~<~l. ~!;or~ 

any :nodel of ganma-1jnes forfl':o:t'ion Which is TJnrter disc:.~ssion "'t .present, 

·encountErS extrer.:ely serious energetit:: 'lifficulti~;>S [t~t:i-.d7]. 

In the consideration of the develqpment of the efectror~nnetir: showerS 

'<~e hP.re restricted aurselves to only the questions· 1ea1ing Hith the pro-

d:..:::.:tion of hurJ X- a;;d g<~n-ra,ra:; e:dssion. The probleM· of the fol"JT'ation of 

I'.O!'l-therr7".a1 radiO and- optical radiation of galactic nuclei ai1d quasars is 

!Joycnr.l the- scope of th'is work. It should nevertheless he noten that the oh-

served very small measures of-FaY'ar!ay rotation in many corm<tct extr-"l"!<'l1P.:ctic 

radio .sourc-es are wei~hty argu~r-ent in favour of that th~ rarliating particlE-s 

are an equal rr.ixture of electrons /and. positrons [48] , whic~ is ·nat:ttra11y 

exPlained by the "cascade". model. 

The r·eiativistic electron-positrOn shDWers initiater1 in ti-11?' l~t-+"rpn!Jency 

Photon field { 10·-3- :!- 102 eV) on externa1 regiorls of accretion _r!isks ·i'lrfl!JO-! 

-a- massive black ho_l.P (M "' 108 M6 } w~~ 
[49] as applied to double radio· sources. 

c'nnsidered t-y ~urns itnd Lrw~l..,ctoo 
\ 

However this l"ode1 gives !"l(ll·te!"- 1~w. 

garrrna-ray Spectra l1ith constant index l"' to the energY E,r- 25n!J MeV. which 

contradicts the' gall'I!Tia-ray emission spectra of the active. 9alaxies . 
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the Galactic Center i·s t:dnr; in t~e .t"ccus of' ?"':ention_ -fr.- ;~1reitl'!y tn yP~trs. 

It fcllov1s from ~C~:rrm~ 1-tidt:J of tl'le l'fnp (P·'u'-~ 4 ?.~ kPV} [sn_ .:f] 

that it is forwe~ ira parti~lly ioni~e~ nas with ~.de~ree ~ ioni!ati~n 

ne;n.::-0,1 and temrerate~re T s 5:10
11 

1{' [57]. In Pef's.[55;s<!). stN">n~ 
~ ' 

ar~un:ent.s were adduced in faVour of~the .issumnti'on th~t arrrlnil;otinr. n! ...,.,_ 

sHrors~ takes rla'ce in the recently discoverC'd war""" 1('nizect ~"'<lS. cl("'lrt-:; 1o­

calize'<! ~tithin t!'te cen~ral ~arsec of r:;<~l;o.xy arou~~ t~"" c~Mc~ r::t'fi<' c:nurc'! 

Sgr A* [s5] < The ::!iscovereC <"lr ·uEI\n-3 'rnrhbi1ity r:f th!" Hne 'fntersitv r~ 

!he tir-escale of 0.5-y·r [sD is in rf'od ar..-eer>e:'lt ;-•Hh t~<~t hr1-r:th!';'c:1c:. 

There are f';tr 'l':('n"€ uncert?ir.ties :"5 -concerrrfrt" thP <5:1"m"C(> ,..,: ,,..c:;t,.!"m<:. 

region of the Galaxy and anniPilation takes ~.lac"! vii'! !_ntf>~"*"'tE" state·~ 

the .positronfu~ [so] . then we ohtafn tt.e r~c!.lfi"Pc! rrrrtuctfOI" r,.te•of r'HJSi­

trons asSuming a stationary injecti_on to the re~rfon of the ann1~11<~ti'cn line 

fOnnation:· 
. 43 

Q.~z ~10 · ·s-1 

In O!Jr previous worlt [1] it is ~shown that t~e.JlOSitrons '.'"'ay e"'""icte!lth 

be produced as a result of ttl~ develcpr'lent of the relatiVfstic Ple::trr"'"-: 

rietic cascade in .hot radiaticn-dOI'!ir:.ated· plasma· wf~h the ootkal der-t}:- tr 

photon-photon collisions ~tX ~1 

the analysis of the Galactic Center observa·tions "re satisfi~ i"n,;. r.<:~i,;l'"'"~ 

way ~thin the frar.teWOr:k cf _this me-tel :~-the source CC!r.'NCtness ( < !~1 ~ ::-

[51]; hi~h efficiency_ of rositron· production { Lo.,st/L,c~· 3% 

evidence fo~ a hi ... h-ener:Jy cutoff cf t":e soecti"U'Il ne"ar .! ·~e" [i;f] 

ly_ low energies ( ~ 2o'MeV) of po~itrcns after leaving· the s~1rce (~7] . 
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Tr.e presu.ce cf Y.-ray radiation fror the cor:'pac_t centr?l reqion n"' tile !';a-

[5'),56] a Hews u5. to 1:-elie"e th('lt thE> rlE>Velol'-., 
n~nt cf sue~. a c~scade r:.ay turn out rather efficient. 

CoT:;pilaticn of the -o~servations on hard.P 1 ectroma~nE>tic ri'!riiHin:> 'in 

the dir-ecticn of the Galactic Center, as t11<erl """rc"' th(' revie;-1 ry linrJer.­

feHer ;~nC Ra;'l~ty [s3] , is s>-,o~tl") i1~ Fi'l.S. Th~ errOrs for the 1oca1it~t~f"n 

of thf' sv.;rce (sourc-es?) of ,vilrious ene~"9Y ranqes \:re hrr:e ns c:ormare.-t' 11it}, 

the sizes of the asswr.cd comr~ct objec: in the center, there.t"ore \>te TTtll;Y 

taH. oniy about the -upper lif"it of the X-ray 1um1ncsit_v,·cf the latter. f~ts­

vertheles::; we here asSume that the X-ray and satrrr>.a-ray el1'ission o!:-serv~-1 in . 
the dirE.ction of the Galactic Center is forr;ed ... in .the cor:1pact so'urce, wl1ere 

"the producti~n of po~itrons responsible for the observed a,~nilo]-t1ation fine, 

also takes ~lace. Just as in the case of active 1alaxie~, we assume t~at 

the hard radiation with ? 150 keV is fomed' due 'to the develop111ent of the 

electromagnetic cascade initiated by the relativistic pe~rticles in the 

X-ray {Ex ~ 1 t 150 keV) production region. 

In our ca1cu1ations the, <l:bso1ute normaHzation to the va1ue of ·the re-

quired power of positron prod~cticn 2 ·10d3 s-1 ·was perforr;red. In 

this case the value of the characteristic size -of the active ... ~.,_ion fil~r! 

isotropjca11_y with the X-ray ph9tcns was. varied unless tlle 1_urninositv. of' the 

cascade ·photon· component wi·t;h Ex~ 150 keV hecom~ less or equ~1 to tl1~· oh· 

served one in the Galactic Center direction 

The calculations show that the best agr;;ment with the· observations Js 

R~3 • 11) em and the injection power cf the ach5eved at the source size 
• 3S 

in~tiating relativistic electrons 'v"e~3 · 10 erg/s • the result deoen1irt~ 

.weak.1_y .on ~he i·nita1 electron spectrum. About 70% of this power is re1eC;sed' 

;,; soft garrrna-rays with £
4 

....... 1 'MeV, which agrees with the observations 

(Fi_g_._SL. ri~e tO thP: SLLihstant1a1 Compton losses-2. Qnly an iostgn1fi.cant port.-
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ion of the ·pr~duced electron-positron pairs ~ ~ 1%~ 1re>ves ,t~e.srnJ;ce •·i·~ 

'for-the ar.nihilaticn line enter tt,e r~'JiOn of the line f~rl-nti0n ~::!''!~:1,.. t:~r;­

er.erGi.es less than ~ 20 !·"eV [57] , ho1rls. teo. !'ere, apr:::q·pn~1y. -~~ ;!, •• u_ 

tlona1 · mefhanisr:1 is nee~€c fer the r:tonrelati'Jistic_ 1'\r'!sHrCl,.;S ~('~:h:et"y into 

,the cold annihilation r:.egi('r, ·say, as a result .c.e the in5ect~cr; ~rr ... '""P­

sou.rce .under the. rressure of r_;odiatfon. 

!t h ~.een frO~ Fi:;-.5 that tbe 'tue.incsity ir> 10'.!-er."-'r1V ,...~,,..~,,.,<; 

( ~ 150 keV~ rrocbceri at t.he casca~e ~eve1opf"'€'nt is r~ser•i?~1v le~.? ~~c'r> 

the prescrited 1-..;;.Jir.osity of t~-Je rh~.:t(1,-, ter'}et-eiel1' \•;hic"J .t",;.c~ is -~ ("ri­

terion of vJ.1idfty of line-;'tr apprcxir:~tior> ("sti!.ti,..nery t?.r~"~et" - o;Pe [1} ' 

of tne c~scade rlevel~.rPr.t ar;rlieG in t~e ralcuhltil)rs 

At the source sizes R:>3 · 107 em tne-effidency o-F tfo:e e<><;c~rle "E>vP-

lopment is falling drn-m, tlle-ref'ore the nowE>r n;f in5E>ction (I.e- th• re,~tfvh:­

tk electroris more than 3 · 1n38 e.rf_'./S is needecl in orcler to r.orovi'le tfo:~ .. E>-

43 _, • 

qui red rate of positron production _Q+=z ·tn s - . This 'l.utC'"'atica,lv 

leads to gamma-ray luminosity whicll exceeds the observed cne. ••1:1tE' tf,r~t t~.,. 

restriction for R somewha-t "softens" .(riearly (1 + 'tes ) times as rrrurh' 

assuming"1arge elec~ron scattering depth 'ies of t~e tar~et-phsrr'l 

The obtained_ values _of the size of the acttve region 

(1 + ~es } em and of the necessary power of the relativistic 

·we-"'3 · 1038 erg/s. ca!1 be explained within t~e~~~el of thP 

lopment ·in the· hot inner zone of the accretion. disk ( · 't'es --1 ) >rf'unA ;. 

black hole ~ith the mass t" ...... (20 ~50) M0 . ~liweve'r~ ,..ore soU-' <'"s~>rvp+-·_ 

ion1l evidence are apparently fle!E!ded fot" SUCh i\n 'fi"'OC.rt<tnt St~teroent . 

.................... , .. ,. ... ".,(.,.,.,, ....• 
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3. The X-Ray So~rce ~ysr.us x~: 

Fer many years, .the X-tay source Cyg X-1 has been Conside~:1 a r"Ost 

probat.lle ca·ndidate for a black hole (see, e.g. [ss] ). The- crucial arquments 
in favour of this hypothesis are the X-ray ~ource comoactness and the ~~ss 
estimate bf invisible corrpone~t of bynary s_yster.-. ~ ,..... 10 Me exceed inc the 
adr..issib1e values for a neutron star. 

' 

The X-rays are generally considered tv produce in the accretion disk 
around the black hole~ although the possibility o~ the spherica11y-s,Vr.'llnetric 
accretio.n cannot· be excluded. -Not\'Jithstanding the av;oi1ah11ity of V<'riou~ 
models o( accretion, mosf of investigators are solidary wit'i each oti-Jer that 
the X-ray emissi.on is forl'led due to comrtonization of 1ow3r~ou~nc_v rdd.ietiot 
in hot accretion plasma wfth the temperature Te., 3 • 1" ~ !< a)'"ld electron 
/· 

scattering depth It follows from... the "intensity fluctuations that 
the characteristic size of the X-ray production region by an order of Magni­
tude dces not exceed 10-50 gr.avitational radii at f" = 10 M 0 •. 

The analysiS of spectrometric data of HEA0-1 shows that the X-ray 
emission up ~o .150 keY ~,-_approximated perfectly !:ly the comptonization 
spectrum [12] at a plasma temperature KTe"' 32.4 ± _0.4 lceV and ootica1 
depth 'Les"' 1.6 and ~.s"' ·3.2 for disk or spher_ical geometry, respect· 
ively [s9]. However a hard component of ra.diation {- ~ 3('1n keV} observed on 
the HEA0-1. testifies to the spectrum flattenina nea~ 0.5 MeV [s9] • Nolan 
and Matteson [6o],assume that the high-energy excess may he inter.prete~ as a 
broad emission line near 0.5 MeV from the annihilation of the electron-· 
posit~on pairs in hot accretion plasma. 

·The most significant mechanism Of the·erectron-positron rlasma -~"omatiol) 
in the accretion disks iS pair photoprod.uction in photon-pl,oton collisions. 
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However this mechanisrn for moderate values cf cptic~l rtepth 'Les,....1 1'-e-

comes efficier.t enOugh only at temperatures KTe ~!"n kP-11 . .at the saP:e 

tirr.e, according to Ichirr.aru [61] • a Faxii!"Jr.' te.~~peratui"e attained in inner 

regions of the accretion disk is 

On ihe other hanG., the, tenperature. _KTe~lrn keV cortradicts thP 

X-ray spectr.um. 

:1e here assume that the observeC srec.tral feature nt ahout t;n? 1!-:e'l is . 

of nonthermal nature, na11:ely is associate~ct 1·:it:: the Ceve1or"'er.t of tt,e· 

casca-de: initiate\! by the ·rela.tfvistic: ele·:troils in t~e ir:rer Z'Jne 

R - {3710} • ·Ra Z {1 ~ 3) • .167 (~!1"! ·~ 9 ~ c~'; o"" t~e .;urnt~('r . .r~u·. 

In our ca1culatinns the p1asrr.a tel".peratu_re Kfe= ~" ~~l/ ?n-l_rr-tic.;>1 r!efl .. h 

-~6 were taken ac<;ording' ~0 t:.he X-ray soectru"'. t"fr .r:: s"!1"'1·!~ .. ~~ ,..?,(~111!t 

ional curves of garna-radiation ~ror<: accretion phs,..? -Fr-r ~:·II" .,.,,"f:.>S 

107 em (·----} and 3 •107 em ( --) .1s wen ~s -Fnf. t:"t:" Pr.erry r.~ t..,P i•li·· · 

tiating electrons 100 MeV. !-fi_g~ly sirr11::!f' rP.su1ts are n!-bin~d ::~"Tso in '"~e 

case of E
0 

= i GeV. The efficiency o-F conver~ion of t~e 1nfti~1 enernv ~f 

electrons into photons ,in_ the region Clf - n.~:. Me1' -1rrount<; tn ....... 1"!. 

From ~re we. get a reqUirement for t~e po\'1er of .3.cce1ente~ electrons We= 
::=1037 erg/s to provide the observed ·~1tJX ·ir: soft 9ilM!!!a-r"lys, ,,Md~ 1s 

-only 1~ of Eddington luminosity of the so;.~rcc {_~·. = 1_n "1 0 ) • 
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FIGURE CAPT!OflS 

Fig.l. The photon spectrul!' of.NGC 4151. 

Fig.2. The photon spectrur.; of MCG 8-11-11. 

· Fig.3~ Tfie photon spectrum of 3C 273 . 

.Fig.4. The photon speCtrum of_ QSO 0241+622. 

Fig.S .. The luminosity as a function of photon energY from 

the reg-ton around the Galactic Center. 

"optically. t~in" plasma" model of­

lingenfelter and Ramaty [53] 

"cascade" model; 
7 • 3 ° 

R • 3 • 10 em and We • 3 • 10 ·' erg/s · 

F1g.6. The photon spectrum of CyQ X-1. 
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