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1. Introduction

One of the moat significant problems of cosmology xs the

nature of the evolution of the Universe. Contemporary casmolo-

gical models are baaed on poor observational data: the Hubble

law of redshiftR, element abundances, observation of microwave

background radiatioD (MBR),. The significance of the MBR disco-

very for the model of hot expanding Universe (Big Bang; should

be particularly noted. In the frame of this model the MBi: was

predicx-fu. and the abundances of the simplest nuclei in the

Univers? could be explained (e.g.,, зее 1.1J)» The recent develop-

ment of the Big Bang model is presumably connected with the dis-

covery of MBR, As a consequence» other oc-sEological moaei з art

practically not considered at present- (see, however, [2J).

Meanwhile, radioobservations give information on MBR only near

the Earth, i.e. in the contemporary epoch. At the ваш.- i;i.:
;
:- a

characteristic feature of all modifications of the Bl# .a;. : mo-

del is the considerable evolution of MBR. Hence, the &xyex . \<n-

tal proof of the MBR evolution, i.e. probing of MBR iu г.тл •>

epochs, might present a direct certification of the Big У :



hypothesis.

Similar information can be obtained only by investigations

of particles having interacted with MBR in remote epochs. Ob-

viously the carriers of the information are those particles

which, firstly, effectively interact with MBR, and, secondly,

allow to identify unambiguously the epoch of the interaction.

The latter condition is reduced to the matching of these par-

ticles to certain sources with large redshifts ( 2 ^ 1 ), and

hence, to their straightforward propagation in the intergalac-

tic space. Only the "labeled" gamma-rays of ultra-high energies,

i.e. the photons with energies Ev >10 eV, emitted by sources

at ccsmological distances satisfy all these requirements. The

main interaction channel of these high-energy gamma-rays in the

intergalactic space is the photcproduction of e
+
e~ paire in the

MBR field [3-6J. It should be noted that owing to small density
л РИГ' CL

of the intergalactic gas «£$>>£ TT0?cr - g ^ ~0>1 ̂ 5 ) this

reaction is practically the only one possible at the
E y < 10 eY, therefore, the information arrives at the observer !

without any significant distortion.

2. Interaction of gamma-rays with MBR

Two colliding photons with energies Ey and £ may

produce ал ev
e~ pair, provided

(D

where 6 is the collision angle, m e
 i a

 the electron rest masa

In the case of propagation of gamma-rays in the isotropic field

of photons with the mean energies Tico , the photoproduction

cross section, averaged over the angle б
 t

 depends only on



the parameter b = Evtiaj/m.| C4 :

f-2/b

<6 > = -И (1-cos0)6odcose;

-1

where 6>
0
 is the total cross section of e

+
e~ pair production.

Starting from the threshold value of b = 1» it increases

rapidly ( cc(t>~1) ) to the maximum at b = 3, and then

3lowly decreases as b" in b [4]. The mean free path Я of

gamma-rays in the black-body radiation field with the tempera-

ture To
 w a s

 calculated in [4]:

Here oL = 1/137, A
=
t-,/m

e
C at 3.86 • 10~

1 1
 cm. The function

•f(v), where \> ̂ i^e^f/^o^-^ is tabulated in [4]. It has

в maximum f
mr
,
v
 ~ 1 at \> ~ 1. In the limit of S> « 1 the

function fC>*) can be expressed in the fonr.

fn
3
^"'s2fn2-i)tV

2
v

M
]. (4)

In the opposite limit of ^ Э> 1 the analytical expression

for j (V>) given in [4J, is not correct, and since we are fur-

ther on interested in this тегу range of V , we bring here

the corrected formula for {(V) .

Expanding the cross section 6
0
 in eq.(2) in teinrs of

the parameter (b"1) and integrating over the angle 6 ,

we easily find the averaged cross section near the threshold of

the reaction ( b ~ 1 « 1).

Then for the function |(V) we have ( V » 1):

5



I t follows Irorn eq.(3) that the mean free path Л of

garnma-rays in the 1Ш8. f ie ld with To « 2.7 К is minimal at

E ^ - 1 0 J eV ( У ~ 1) and i s ~ В k p c Рот the gamma-rays

both of smaller and greater energies the free path increases

due to aiffef-Ti reasons. At £у 21 10 J eV the free path elowly

increases as ^ . i-r £$ due to decreasing behaviour of the

СГЛЗЙ •••.-ctiori а-1 Ь 3- 1» whereas at E..^-'>0 • SV A decreases

аЪг1;;';LV (еяропе'л . s i l y ) since owing to the tijreahuld of the

roa""1cn garr.'i-j;.-,т, aav intex*act only with photon a in the Wien

"t-ail" .?: MJH. о. .:• ..rioution. In the l a t t e r car.- a sir.ple depen-

d»;;2s -..f A •.;:::• Ь^ holds:

VI. f•.••l̂ o:.v:.1- fj;ym cq.(7) that Л ohangee :-;s f. brosui rango

1! 0' - •'."'* r.*r-:. corresponding т.о diatar.c-n i-o ^SCs, when E^

;v-t; i>..- t.iji rMigc? (1.4 + 0.7) ' 1 0 " гЛ'„ It- Hhciuci be however

.г„.-а tliat eq.17!1 :i я obtained under cor^J ci^r: о" i.!?or":iei4Kal

1«.ч.ок'1уг. d i s t r i b u t i o n of МВЯ. Meanwhile, .-'o?: ;:osiiicio»;ic£tl d i s -

c;.•:.•;:•.:-; liis evo lu t ionary e f f e c t s e . g . the i:era.pt.i.'utur'3 change of

..'• • •• ' . ig ilarjg model, may bee cm© v> ry i этс-rtant. and they

•••.. ь-7 :.';v?n i n t o account.

;.£••: •••• photon:-, with the ene rg ies ;. ', ::; - fr. , ( 1 "* S)

:.!-••;• :lr ;nc directrion tu z'nv observer . Jr.* v ••!•".; •:•:' braving these

v''.,;:-.:; c;.n. o.':' the 'чхвха tr givers ay equat;:'. &

"-':••• ^

U ^ ' ' i ' ' • . . - , . ; ! ? t h e d i a t / - : ' . b . ; ; . i o n o f HVZi p h o • : r o ; .r. •••.•• ;;



1д the case of Plauckiar.. distribution :.•? KBR »o tea у us-.-

со сд &-> / о \

where

Ц 2 ) = Т Д 1 ' 2 ' .

,o = 2.7 К i s the temperature of JfiBR a,- p r ^ j y : : ,. E ,. - "i

energy -?.i detected gamma- rays , ana

% y , , • 2 . } •• - , \ T/" ' E , ' • • • ' 3

Я - u f t - v - . • • . ; e - r r , £ • ; I : • • • ; • • ; . • . : • • r a t e . . r - - h e ? л Г б . с с . : ! ^

s y s t - ; •;- г.-;: л •••-,-.-. j .,;/ .-:..- :-..... U S j / i o o r t t c r y •'• D e e "s*v eJ

-̂ik '̂ :.ai.; ассоилт.

Н с i s the Kubble'a c o n s t a n t , SL-p/Ccr .. p r r = 6 ' 1 C ~ "" g/'сг'

i s the c r i t i c a l denait j T (a t H o = 55 ks/s-Mpcj (see e,g, [ 1 ] }-

Expressing then d t by U2L , and i n t e g r a t i n g eq . (S) over do,

d.Z (0 to £ 0 ) , we finaJ?^y obta in

( y ) o ( y ) p [ ( y , ) ] ? (14)



Ho '
 У

 кТ
о
 Ej (16)

As it will be seen below, in the energy range of interest

the magnitude of the parameter V » 1, therefore, the accu-

racy of the approximate formula (15) is quite sufficient if

V [1- (1
 +
 2

O
)
 Z
] >3 . At Z

a
-~ 0 from the condition

Т(Еу
(
г

0
)= 1 one may obtain a formula for the mean free

path A coinciding with eqs. (3) and (6)
r
 taking into account

that R = C 2
B
/ H

o
 for Zo « 1 -

We have ao far assumed that the Planckian distribution of

МБН is valid. In fact, however, the observational date isrhioh

are in a good agreement with this distribution '.aw. relate

mainly to the Rayleigh-Jeans part of the spectrum -... e. to л„
тк
.

< 1 mm. For shorter warelengths there are no rel:.ub.,s -atr

as yet. Meanwhile, the possible deviations of the MBR distr ••..•

tion from tiie Planclcian law in aubmillimeter range of wave-

lengths is widely discussed in literature (see e.g. [в] }. Par-

ticularly, it may be due to the comptonization of MBR, if a lato

energy release has occured (at ? i 10'). la this case the WBR

spectrum is described by the expression [*.sj

where X — пьО
/
/»

<
Ло , and the coiapto.o.î ation paraiaeter ij

is _qual to

11 = i -
 ч '£ .S....2. f\_ с N



The analysis регг.'сгшел by Pi.la and s$•• \ <••.::oz. |_ > ] u.4i.;i.i.?

?bat the available оЪнетчвххапвЛ. data do nt- contraaic» *;•..<

magnitude of Lj * 0,05
s
.
1
- S^en at so sntail coiupt,oniiatio,... pa-

rameter thu deviations of the MBR spe:?rucj 3'ras the ?1алс1;:1&л

one in the Wien "tell
1
" become very sigaificaii \ло. result i::

r
» tictxceabie suiffc of the expected owi-r.f i pcxi, - un hish-^r.':"c

№''а-гау spectre..

.3» Possible cc'Saoiogical test;.

:'r.± :;-Jii-Jb .• .-;,;'' m v

:• д JL..'-'. . u ' - f t j : ::....•. »*»•.•;. a b o . -~ . : л о a e •,,- V - - - - •-•.•. ;. c o r ; :
 t

- r о : . ( „ ; i ч .

Г Л L
s
i = 'i ) ia ninxinaj. ; •... гттпь• с <:* w f tb. erier^.. «a . '

:

eV and is ~ 8 kpc» It means that ths xn.tergsJ.a"iic spec<

LS opaque for photons with energies ^y

very reason the detection of primary gamma-raya with Ew.^10 'eV

has become the first observational certification of the exist-

ence of Galactic sources of ultra-high energy gamma-rays [10I.

In the сазе of photons of smaller energies the mean free

path Л sharply increases due to the threshold of the reac-

tion enabling only the photons in the Wien "tail" of MBR dis-

tribution to interact with the gamma-rays of those energies.



j-. Ь '••JIIOWS from eq.-(8},, when £\ changes in the energy

range .,0,7 •«• *.4.) •- !0;ii' eV, Л changes in а я-lcie range

10" - 10' Mpc» Thus, in a relatively narrow range of energies

a sharp cut-off in the high-energy gamma-ray spectra of extra-

galactic sources should be expected. The precise cut-off point,

of the spectra depends on the distance R to the source on

the spectrum of MBR In submiliimeter range of wavelengths as

well as on the evolution of MBR in time- This fact yields a

unique possibility to solve a number of cosmological problems.

It should be noted that at present a number of ground»

based installations for investigations of primary gamma-rays

is the energy ranges 10 * 10
 J
 eV (detecting the Cerenkov

radiation of sma.ll aix showers) and £v z 5 " Ю
 ч
 eV (search-

ing far БАЗ witii soiosialonsly small couteat- of isuons) sueoesss-

fuily operate. And it is remarkable thai. '"••." i-.bese xpcb_n.:..r.ie--;

have a principle possibility io wideu the -"us>[:>- :,, •. ••̂ .Misr̂ iaents

to 10
!
" - 10

1
* «v, This allows to hope tb.ai; the fvirxu-Keatal

i

possibilities considered may Ъе reaJ.i2ed {at least -;a:: i:1r,...., ••-. i

in a not so far future»

3*1 Investigation of extragalactic sources with small £r.

a) Objects with well known distances

"Che distance R tc the source with small 2., being

icocwn. the optical taickne.es fR(Ey) and$ therefore, the &x-

uttczad «ui-off energy £ c
 a r e -'istermined only bj the MER

зресспш at submixlimetei- wavelengths. Thereby, the iirect

probing of this not yet investigated range of MBR becomes pos-

sible. As has been noted above, at these wavelengths some de-

viations of the spectrum from the Planckian distribution ere



expected first of all due to the possible comptoniz.ation of

MBR, in which сазе the spectrum of MBR is described oy eq.(17).

In fig.1 the gamma-ray spectra N / N
o
 expected from a

source at R = 5 Mpc (corresponding to the radiogaiaxy Cen A)

are shown. The cut-off energy E
c
 further on defined by

equation N (E
c
)/N

0
(E

c
) = e is essentially shifted towards the smel-

ler energies from E
c
-1.4 • 10'

4
 eV to £c- 8 •• Ю

1
^ eV.

when the comptonization parameter Ц changes from с •= 0 to

•_
;
 = Cob-, respectively- As is seen, in order to separate

•''Ц = Q.u' detectors should nave an energy resolu: on of ^ ' i>«,

..', o h o u . l i i b o n o t e : : hf'V^- t h a t t h e ' " ' ' 1 '-^ L-.- " i a v :.•--,•; ; ; e v i t -

: l o ; w Tror. zr.e M a n c b L i . a i i •..•.•-•r n ' i . J , v;.Y. . ^ ^ t c ч . Ч : - . . •. - i_ n i b . "• j -

• л ; : . ; , ; : . . . ; ; ^ . m p m i , . - .•"-. . . v . r - •••••• •:-. t - . ' . - ' C h f - • ; . ; _ • ;;;.•;. : •••

. :- . ;•; r ; : i > с -• : * : "\"". G / " ? ' - •• e • .~ n a t . о •': " a c i . j l . n . r ~ - ~- ''•

• . 2 \ •.• • I ; • . . - . :••• •• • .. • • . • ; . ' r . t s - : " :• - •... r r . > - . - • - .

• , i ' f ; ( : • - . L ю я i. o w i i ; < : ; ': о a •' i ••;. ; : . - . : u i c - C v i j . ... i • • > g r o ! . i j ; a г а с : : ^ . " ; . :

r -.11 v / i j e i ; ? .-.- m u c h m o r e e ? s e n ' , ; . • : • , : . " n e y ; " r i y i.f- ; п р о з я .:•!'• '•-• .• 1 Г:

-;w;/ig t o a ; ? r e a u m e c D H c K g r o a n r i r a c t x a t i o r . o f •."••.• . . ; ? ' • : ' : - : . . ' . .

• • .' •• . ' j •.?:.; . . . - " . C : ' ' ;CC! O? m v 9f l t l iT8.t l .GU -! i i / > v : 2 t v l .;;,j"e .

• - --:••.•<: т. :;ac: s h - ^ - o:r" .,/;•: ?-io« s p e c t r u m a t .-u'brnilli-

: ..•&•'••.-. .-.:;:, t h e hif^i-erLerg;/ ^.a;nnia~riiy sourcei.- «-л; л>е11

.•ui.cw:. i;.3t'..;,ci. .:. .-u.id be .ii'-
r
es";igRted̂  Along with the above-

.j::t: oneri radios al-u;-' Cen .'; as convenient sources for this

purpose may serve c.
l
ie active galaxies NGC 4151 ( R » 20 Mpc),

У-GC e - V - n ( R =• 160 Ире) and 30 120 ( R = 200 Mpc) from which

according to contemporary ideas, ultra-high ener^ gauTima

are expected. For widening the probing range of inBR towards



shorter wavelengths, the observations of тог*
3
 remote objects

:

i»e. ^SOs are neeoeo. However it J.S necessary to make aure

before thai- QSOs are really located at с о smo logical distances,

b) ySO's distance ranging

The QSOa, which have been discovered more than 20 years

ago
$
 are still covered with raystery. Though nost astronomers

agree that the redshifts objerved in the optical spectra of

QSOs have a cosrnological origin, there is, however, no final

refutation of the arguments in favor of local placement of

these objects (e-g.,soe [15J)> '"lie main obstacle .for elucida-

tion of this problem is the abeer.cr. of a mo lei-ir. le-:>end<2nt

r.ethcd for lietez^inatior. of the distances to .,:-
;
. •'"•

V.'e have diacuai:ied abov« ':l-.e opportuni :. • г.' •:;-..:;';ri;ct the

submillimeter apcovrwr. of .".'Л1 inveptipatin.:: :.-i; ••,;•• <:i

iltre-high ener,~:v' ,_::• -. s-rsy иоигсьз v/ith know:; ;_..>•...•.: .. ••< ;,o

Ыгеы. Provided "г.-ч: ::•..•••:•-•'• ruin is estubliahed v-ith PM'J'.IO ..;• r. >- •-

curac;/, it will (:••••? ;? ~,ss.i.ble -;o uetoriniiie mocel-ijici: ?<-:v\'.-\:'~ i.y

the distances to eiU'jgaisctic sources, using К П Й ;'el£i : on

R = A ( t c ) , irfifre E c is the cut-off o.uo'rgy .Li. '}\c- •:>'

anrvecl с;глтл!!А - ray spectrum N / N
o

Л

p s t h о." gf i raraa-rays . Р о г t h e P l a n c k i a i i d.I. ';ribut..•;;•: .: Г i.l'iir-. Л

J.:T j : . Y 3 : by e q , ( 7 ) -

: r1 .-.-:. ;!•:? ^ ; i y , J u e t o v e r y a b r u p t ; ' . irpende;" ,:c ••.:•. /.. ол t s

t.h.i.;i ;. • oier.; s.4?e:nr t o b e v e r y d i f f i c ^ - ~ . : :'.гч ,:i '.-.••• е х р ' ' : \ : : : « ; 1 л 1

v i o w p o ;.••.-:;. r"'h* e r r o r i n R , c a u s e d :.y '•• •...•?. r . n -y ,-:' £ . : ,

c a n b e appi-cx:r:i;it.; 'C i n t h e e n e r g y r a n g e ..-. г ••:..••,. -..P

dR/R ~ VdEc/Ec~tCdE.. :i
• '.• г •'



i-hat а.-'., '.с •oiai
1
- the m / u t и '•

 v
.:t:;

 ;
.П'! а.; ^ -.c[, •<• fi.>,

the enorg-;/ :
c
 nhou. •.; te •• -^ x.;».- .vith an »i-~ сил''-.;-' not

worse char. v.'-.

Moreover, there is another г?нзс:. i'..-г p -;;:;; J.: I : i:r. с <: '.-tain-

ties in E
c
 . :.:ideei, the -jondi • _y;' R > / \.&V ,. т ^ jf ;.

О
о:ч

not mean that the intergalacti•
 r
:.e-i.it;'; is entire.!., прагме То-

the gamma-rays of these energies. Hot O:;ly th<- •*;• •-.,.. z>zLo-> ;'

the high-er.er^y ganmia-rays, but- also
 !
:-h--ir p-. •>.;•.!• \ -. ;•>- '-.u-? * ̂

the Coaptoi: scattering of secondary civ ^гоп:
р
 •••, \ posxtr'in,--

take piacr
3
 iv. the MBii field. Oc-v-i f:i:r-,l y, the о1ь-.

г
.-:Ые вре'.;!:тит

.•; ;;i
;
ch-'3nergj; ;•.;.'.•

 !
. .ч-j-avy will •.••? ar.i'inea by r--l4t.;vist:ic

ei> с irvonu.-T̂ -P *,i. i" ^^<
J
 '•"! t г: е ;.:T\ field. In f'g,2 the high-

е----ь5' ga-т.т.ц-ray.-* эс-.,-.
1
:
 ;
.г:лд v»hi.~r ;^ formed at ;hn r

,4 - 100 Mpc f:••>": *•; goui'ce of monochromatic ra

E
x
 - 10' ••" eV is ;iho

4
.v.a. The numerics.! •-«..< halations of t;-;.

eltc .: ••i..n;-.''-':j; c-ii<-;
4i
.ni'- was performed by ch™- ",ionto-C:irA с •. •..̂.•.!-

2 \ '••: t.-c
v
,:r •':;<= nc •: r-i^nsj с :• [l'fj«

 r
w . •-• ̂  to l

a
i'^e \!:,.u-;.

op'. >.;', th^c.-'was'^j -.Vvth .••• '-D^CI, to г .ot.oproii.io ti'.r. ar. • •'or.'pco."

:i..i'.:-'"4:i,; j" о -еззез, .. ••. .. . •:;. ^•: jo^-.irn A^aicly uer-o
1
 .'i • i: the

initial aptT *.:a of gamiru'. -. i;. e m t ted in the г в rig о '.:1' aai.-er--

hxgh enorgiee Ь^
 ъЧ

' £. - , i.. • , .^.сл^а-тауи Dome to tiie jbsei
-
v.?r

with a "standard" spectrum. ..:; is seen from fig.2, the r;pectrxira

cut-off is slightlj' deviated from the value E
c
 which is ex-

pected from the condition 'C{ E
c
) = 1. This will worsen the

accuracy of distance ranging, ]t should be noted, however, that

the spectrum shown in fig.2 was calculateji without taking into

account the magnetic field. In the magnetic field with a char-

acteristic scale of magnetic inhomogeneities of the order Л

greater than the Larmouer radius Г̂  , the secondary electrons



will be deflected at the length A to an tingle дб ~ 4.//'•

[1?J. For characteristic magnitudes of H ~ 3 • 1'
4
~' C-s and

A ~10 cm in the intergalactic space [17] we ha/e Л0~О.1.

At the same time, since the mean free path of elect i-ons with

Ev~ 10
1
^ eV ( A

cr
—•'10 cm) ia greater than A , in effect

the secondary electrons will be deflected out of the bean

prior to secondary gamma-ray emission in the inverse Corapton

scattering process. Therefore, a detector with angular resolu-

tion лб < S° will be not sensitive to secondary photons of

electromagnetic cascade.

•Vhile the test of cosraological origin of ^SO's redshif :,;:•

seems to be a relatively easy experimental problem, the accu-

rate measurment of distances to QCOs requires precise- specrvai

measurements. If the cosmological origin of the геазЬЛ'Ьс i3

established for certain, it will be possible to determine the

value of Bubble's constant for distances ft > 1С",: I..pc, *..o..

tf,
c
~ C£ b/ R , In fig.3 the spectra fron a ecu/, ce v;i th

j£o~ 2.3 ' U)~
2 that corresponds to R - 100 f.ipc -;r P ^ 1 y.

Mpc at Ho= 7? U.Ti/s • Mpc or Hc'
;: 50 km/s '• :.'p.: . respec-

tively, are shc-vn. А.я if seen fror, this figvire, ::. oraor to

choose one of these values for Ho
 s
 a detector with the

energy resolution not worse than 5?fc is needed. At the same

time one should once more stress the significance of the accu-

rate knowledge of the MBit spectrum at submillimeter wavelength3,

For the realization of the above task, the nearest JSOs

( Z
o
 * 1) such as 3C 273 and 0241+622, for which the evolution

effects are not very essential, seem to be most convenient. The

observation of QSOs with Z
o
 •£> 1 allows investigation of the

character of the MBR evolution in time.



3.2. Extragalactic sources with 2
O
 •& •

Provided the cosmo?. ogical origin of ^bO's redahifts is

finally confirmed, it will be possible ô use the observations

of these most remote objetcs of the Universe ( -2
O
& 3) for

probing the MBR in ancient epochs. According to contemporary

viewpoints, the MBR should strongly evolve in time. Tha tem-

perature and photon density of MBR increase proportional to

(1 + Z ) and (1 + Z )~
>
, respectively. Besides, the gamma-roya

have been more energetic in the epoch H , i.e. с„(5)- E / (~< + £)

E^ being the energy of delected garama-rayn, All these factors

bring to HI; c-3 3entiaj. increase of optical depth and, therefore,

t'' a 3i,-v'iificant shift of the expected cut-off energy £c

The cut-off energy п
с
 is determined by equation f(E

C)
Z.

o
)= ,

where t:.
o
 is the radsbi.fi; o:' the sourc,:, and f(Ev-.Zo) ia

tne pnotoproauction optiotii depth, which is aeycribed by eq,(1-/J

.L̂  :.h? .-?.:з,- of the Pianckian distribution of 'fibh. One may eaai-

iy zu'••••(•:• that the main depen^or.ce of E
r
 or H

o
 is describee

by t"•(-.• relt:tior E
c

< i C
(1

+
Ho/

 r
". He:ic6-. E

o
 b?:ing -̂ven ns

s.Tial.L as Г£ 0~ 0. ' s the °vola' ;.-•:; of MBR *'111 lead to P.. ?
;V

shift of the cut-off energy E c

In fig.4 the spectra of high-energy gamma-rays expected

from sources with different Z.o
 a r e given. It ia seen that

if the evolution of MBR takes place, the cut-off of the gainma-

ray spectra should be expected in a wide range of energies

E^~10 + 10 ' eV depending on the magnitude of Z o (solid

curves). In the opposite case (no evolution of MBR) all the

cut-offs will be about ~ 7 • 10 •* eV (dotted curve ).

Thus, the reliable observation of even one Q30 with Z o •> '

will give unambiguous information on the presence or absence oi

1 b



the MBR evolution. It should be note t that the spectra given

in fig.4 are calculated for the Planckian distribution of ШБР

and for Ho = 75 l'jni/s • Mpc. Possible derivations of MBR fron:

the Planck's distribution law as well as uncertainty in H

cannot result in a substantial change of the cut-off energy

indeed, E
c
 dependc on H

o
 only logarithmically, and at the

maximum available Ц = 0.055 [9] the value- of E
c
 shiftз

only twice (see fig. 1). Moreo\er, compairin^ a number (at

least two) of spectra with various z
o
 would enable to exc

th'jae uncertaint vea and to come to unambiguous conclua.i ons.

Obviously, a high energy resolution of detectors is not песез-

aary for this problem.

We have so far assumed that QSOs and AG-Ns emit gain-iiS-rays

of ultra-high energies, forcible arguments in favour of poss-

ible acceleration of particles and production of secondRr.--

neutrinos and gamma-rayi) (due to & -ыезог dec&jO of vl' "::-:.i;'.
;

energir-а in QSOs aria aGKs were ..jive.n In
 :
_!C,19j. '̂:,:.ч

ч
-.г •.,'.•.?•

i:l+:•*.• a-high energy garrjna-:.
i
ay5 mtiy be absorbed in the i'le. :• of

л -ray photons .. irootly in the source [_2CJ, it iR. however, e&-

• iv.:ntial first cf a.Li for gamma-rays of moderate energies

( c.y< 10' eV) being connected with the decreasing behaviour

of tie photccrouuetion cross section (
 oc
- E fn E ) at ^V'^'VUJ
n

Л.'- a result, the qamna-rays with fcy > 10 гЛ' easily overcome
о

tiie X-ray "barrier" of sources [21]. Besides, there are observa-

tional evidences of the possible anisotropy of the radiation

of QSOs and AGKs [22J, which also favours tne gamraa-ray escape
from the source,.It is worth noting that gamma-rays with

Ey > 10 eV have already been obs

tive galaxy Cen A ( R = 5 Mpc) [23].

Ey> 10 eV have already been observed from the nearest ac-

16



Theoretically expected luminosities in neutrino and

gamma-rays of ultra-high energies from QSOs and AGNs allow to

hope that they can be detected in the designed experiments for

registration of neutrinos (DUMATTD project) and gamma-rays [24-j.

Correlated У" V observations seem to be very important since

they will allow to establish unambiguously whether the cut-offs

of the spectra are connected with absorption of gamma-rays in

MER field or they simply reflect the peculiarities in the

spectra of accelerated protons and nuclei.
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Pigurs Captions

Fig.. 1 Geumna-ray spectra N/N o expected from a source e.t the

distance R = 5 Mpc for different values of coE.p-

tonization parameter Ц „

Fig, 2 Monte-Carlo calculations of the gamma-ray spectrum

N i E v) formed by electromagnetic cascade in the

intergalact ic space (the distance •frora the зоигс •••

R я ТОО Mpc).

Pi?;., • Gадата— ray spectra r-t/ No oxpecte1.- i'vo/E thr; воип.

а-гау 3p?-;t/s "••.; • \\,: expected t r,v. .;•;,!..

r '• Ta.iueis of cosno'i o>ri ca.I :-tc.'"v.. ."̂  ;••

': , "if ШШ evoiu^o-: is a.:.-
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