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1. Introduction

One of the most significent problems of cosmology 18 the
nature of the evolution of the Universe. Coniemporary cosmolo-
gical models are based on poor cbhmervational deta: the Hubble
law of redshif+s, slement abundances, observation of microwave
background radistior (MBR). The significance of the MBR disco-
very Zor the model of hot expanding Universe {Big Bang} zhould
be periicularly noted. In the frame of this modsel the MRB[ was

predicien, and the abundances of the simplest nucleil in tne

Iy

Univers: couid be explained (e.g., see |1]). The recent develop-
ment ol the Big Beng model is presumansiy conmected with {(he dis
covery ol MBR. As & consgequence, cther oosmilogical mode:s are
practically not comsidered ai present {(ses, however, ﬂ2}§m
Meanwhile, radioobservations give information on MBR only nser
the Barth, i.e, in the contemporary epuch. At the ssm: (iw: &
characteristic feature of all modificetions of the Dlz lar - mo-
del is the comnsiderable evolution of MBR, Hemce, the exper en-
tal proof of the KBR evoluiicn, i.e. probing of MER ig row . =

epochs, might present a direci certification of the Big *-




hypothesis.

Similar information can be obtained only by investigations
of particles having interacted with MBR in remote epochs. Cb-
viously the carriers of the information are those particles
which, firstly, effectively interact witk 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 { Z =1 ), and
hence, to their straightforward propagation in the intergalac-
tic space. Only the "labeled" gamma-rays of ultre-high energies,
i.e. the photons with energies EX >10'3 eV, emitted by sources
at ccsmological distances satisfy all these requirements. The
main interaction channel of these high-energy gamma-rayes in the
intergalactic space is the photeproduction of ete” paire in the
MBR field [3-6]. It should be noted that owing to smell deusiiy

C JHoL
of the intergalactic gas (<EP>$ a; Per = sjb“q1é%2) this

reaction is practically the only one possible at the sneryics

021 eV, therefore, the information arrives at the cbserver

Ea.<1
without any significant distortion.

2. Interaction of gamma-rays with MBR

Two colliding photons with energies EX and € mey
sroduce az eve” pair, provided
EX>/2m§C"/€(1~ccsG) (1)
where € is the collision angle, Me ia the electron rest masa
In the csse of propagation of gamma-rays in the isotropic field

of photons with the mean energies e » the photoproduction

cress section, aversged over the angle 8 ., depends only on

Rt e e -



the parameter b = Exfww/m?é c4.
1-2/b
L (1-c0s8) 6,dcosB (2)
2 { ° ’
-1
where 6° is the total cross section of e'e” pair production.

i

<6 >

Starting from the threshold value of b=1, it increases
rapidly ( cr(b-1)%) to the meximum at b = 3, and then
slowly decreases as b €nb [4]. The mean free path A of
gamma-rays in the black-body radiation field with the tempera-

ture T, was calculated in [4]:

2 T, \3
-1. & Klo

/l =QTA (meca> f(Q) (3)
Here ol = 1/137, A=h/meC == 3.86 - 10" cm. The function
£(v), where V={mc?)’/kT,Ey is tabulated in [4]. I: has
8 maximum f,., ~ 1 at V ~ 1. In the limit of ¥ << 1 the

function {(V) can be expressed in the form

P \ | - . e
3y = 2 0Bn(0467/9) +93 [ F a7 e 22 -1 e ] (4

£

In the opposite 1imit of V 3> 1 the analytical expression
for §(V) given in [4], is not correct, and since we are fur-
ther on interested in thkis very range of Y , we tring here
the corrected formula for { (V) .

Expanding the cross section 6, 1in eq.{2) in temrs of

e

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),

ant 3 3 5
<€>=2[(b-)% + 5 (b-n" ] (5)

Then for the function f(?) we have ( ¥ > 1):

5
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It follows *rom eq.(3) that the mesn free path A  of
garma-rayvs in ithe KIZR field with Toe= 2.7 ¥ 12 minimal at
E;:‘-ww a¥ { ¥y~ 1) and 18 ~ B kpc. Por the gemme~rays
both of smailer and greater energiss the free path increases
due to differen rsagsons, At EX > 1@15 e¥ tihe free path slowly
incresses as 5,-5P Eﬁ' due to decreasing bshavimir of the
s -24\’115 i

& &y k decrensSes

girazily {exponers . 8ilr) since owing Vo the tureshold of the

ersza f-otion wi & % 1, whereas at &

roatiicn garTa-dr.vs ey interact only with photons in the Wien

TEaLlY o Hdd o.supioutilon. In the latfer cacs o osinple depen-
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i the renge (1.4 # 0.7) < iC oy, zuld e however

ated Yhat eq.iT) 18 obtained under condiiticm ol ifvilermal

or cevsaclusical dis-

iotribution of MBR. Moeanwhiie,

the avolutionary effects e.g. the temperature chenge of

Tig Bang moedel. may become vy Imporiani, and they
LooLawen iznto scoount.
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H: is the Hubile's

xpressing then dt

and dZ (0 to Z, ), we fipally obtain
N(Ey)=No(E ) exp[-T(Ey, 25)], (14)

shere ,
€ Z, -Q,”d*z)z

T(Ey. 20)= AVY \}%r’iz?) Tiras dz =

4]



3 el
-~ A {1+ 2o} . V2 —y,/(1+go)‘-]‘ + O'i .
=2 (frazave flFey e [1+0{5)]. (155
A= ol (kT)® D= mec*
S Ja h3c%He KTo Ey (16)

As it will be seen below, in the energy range of interest
the magnitude of the parameter ¥ » 1.  therefore, the accu-
racy of the approximate formula (15) is quite sufficient if

y [1 -{1+ Zo)—aj >3 . At 2,7 0 from the condition
fT:EB

path A coinciding with eqs. (3) and (6), iaking into account

720)3 1 one may obtain a formula for the mean free
that R=C2,/Ho for 2,% 1.
#e have 80 far assumed that the Planckian distribution of

MBR is valid, In fact, however, the cbservaiional date which
are in a good agreement with this distributicon aw. -eiaze
mainly to the Hayleigh-Jeans part of the spectrum ..e2. $0 A.ug

< 1 mm. For shorter wavelengiks there are no reliwab.z ~afc
as ve%. Meanwhile, the possible deviaiions of the M3R distr.
ticn from the Planckian jaw in submillimeter range of wave-
lengihs is widely discussed irn litersture {see z.z. {8] o Far-
ticulariy, it may be due %o the comptonization of ¥BR, if s lais

= 2 5.‘ < >
snergy reiease has occured fat Z < 10°). In %this case the ¥WBR

-~

apectrum is described by the expression [*,8]

i

' . . .
g I (5 inb bu)
n{x Yl=—m—\ 5% % ‘ Y JIdF {17
) [ — L E - < [
o JZ»?TL{ 5 & A 1 - _;
where X = F'\CL‘)//KTO , and the compicuivation paRrumater Lj‘

ig _qual to
TR Te (‘LL

y= {222 6 e (tydt

————



P

The snalysis verlormes by Fild snd reroczoe L3 ol ionies
chat the avaiiable obaservational data do ne: contrsdicy ...
magniitude of H < 0.05%, Bven at 80 amall comctonization pu-
rameter ine deviations of the MER gpersvum riom the Plenckisan
one in the Wien "teil” become very significan- -4 resuiti ix

i E

A noticeable shift of the expecied cui-oli

3GLY. - 1N BAghe ane

e

T3

SHgmA-TAY spectra.
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" 7 eV and is  ~8 kpc. It means that the intergelactic space

i3

is opaqus Tor phctons with energies Eg >10'7 e¥. For this
very reason the detection of primary gamma-rey3 with EX>1015eV
haz become the first observational certification of the exist-
ence of Galactic sources of ultra-high energy gamma-rays [10]=
In the case of photons of smaller energies the mean free
path A sharply increases due %o the threshold of the resc-
tion enabling only the photons in the Wien "tail"™ of MBR dis-

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



is Tu fwllows from eq.{8), when [, chacgss in the snergy

A

<

range (0.7 ¢ T.4) - 104 eV, A changes zn & wide Tange

107 — 107 Mpe. Thus, 1o & relafively parrow renge of energies
a sharp cut-cff im the high-energy gamma-ray spectre of exirz~
galectic sources siaould be expected. The precise cui-off point
of the spectrs depends un the distamce K to the source on
the apectrum of MBR in submillimeter range of wavelengths as
®ell a8 op the evolution o MBH ip time. Thia fact yields a
unique possibllity to solve a_number cf cuamological problems.

It shonld be noted that at present & number of ground-

baged installations for investigations of primary gaume-rays

. T wp 5 . ud .
ir the ensrgy ranges 10 - 10’3 eV {detecting the Cerenkovw

radiation of zwall =i showers) and £, 25 - 10" oy { gearch-

ing for BAS witn znonmalously small ceoubtani of nmuoug) Sucnesge
fully cperate. ind 1% iz remarkable thei ' v.v tkgze .esbnlnues
nave 4 principisz pessibility o widen the —urs T.oCLra

. 13 16 L s s e N o
to 10°7 ~ 1077 &V, This sllows to hops than ihe fundasental
possibilities considered may be reellized {3 least umriic. s,

in 2 uot g¢ far ruture,

&

3.1 Imnveetigation of extrageisctic sources with small

2} Objects with well kmown distances

The distance R tc the socurce with small 2, Dbelng
xacwr. the optical thickmess T, (Ey) and, thercfere, the ci-
secuent cui-off energy £. &are Adetermined only by the MER
spectzun 8% submillimeter wavelengtha. Thereby, the iirect
probing of this not yet investigated range of ¥ER becomes pos-
2ible., As has been uoted above, at these wevelengths some de-

vietions of theg 3pectrum from the Plenckian distributiocn are

e
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A

axpected first of all due to the possible comptonization of
MBR, in which case the spectrum of MBR is deseribed oy =¢.{(17}.
in fig.1 the gamma-rey spectira N//No expected from s
scurce at R = 5 Mpc (corresponding to the radicgalaxy Cen A)
are shown. The cut-off energy E., further on defined by
equation N(EC)/ND(EJ=éEs essentially shifted towards the smei-
ler energies from E.=1.4 - 1014 v to E.=8 « 1017 ev,
when the comptonization parameter H changeg from ¢ o= 0 To
= 1R

Y

. respectively. AS is seen, in order toc separaic

Wt " H N v oo - ~ > p P S o ey - ™ B el
SHo= 0,0t detcectors should have An energy resoint oan of v 0%,

LLognould be noleds hers thet thero «lgo mgY Loov LGevie
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swing bo & sretumes background radaation of Caw Loie ool
Ca ”13? cutogers L0 Obvoousiyv, the o inflacnce ol shegs Lo
: B Ul oF wnvestigatlion LETE
SRR shvee 20 L MEH gpectrus At cubmillii-
wETC - o7, thEe Aufa-enerdy Jamma-rey Sourced =i owell

ANCWL natunGes . oouad be nvesitigeted. Along with thie ebove-
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curpcde may serve the =oti
HGC B-17-11 { R = 160 Mpe) and 3C 120 { R = 200 Mpc) from which
wacoraing to coniemporary ideas, ulira-high energy gamms-~iays

are erpected, For widening the probing renge of MBR iowards
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shorter wave.engths., the observations of more remcte objects,
is8. wS0D8 are neccec. However 1! 1s necessavry to msxe sure

befora the. Q503 are really located &at cosmolegicel distances.

b) QS0*s distance ranging

The QS0Os=, which have been discovered more than 20 yesrs
ago, are still covered with mystery. Though most astronomers
egrae that the redshifts obuserved in the optical specira of
G808 huve o cosmological origin, there iz, however., no final
refutarion of the asrgumen
these objecis (e.az.,sce [15] The main obstacle lor elucide-
tion ¢f this problem is the absence of 2 mo:el-inlenendent
metheod for determination o

f -

Yle have diacussed above “re opportunin - Lo conoanruct the .

zubmiliimeter specus IR investigating oo o e ot
Xtre~high ener SO rs=reY gources with knmown ostoo0 L % 0

them. Frovided - o.cerum 19 egtablisned with =0l o ¢ -

curacy. It will ko possible o determine model~-indgs Doncui i !

Sources, waing tne

R=A {Ec) , wheora E. is the cut-of* ey L e

gerved puhmn-ray spectrum N/Ng , aad A D O PR i o A

Planclkisn 4l Seabun.or o UBR A

-

3y ! - oy PN I il -~
suih o) gomma-royvs. Por the

-~ < - ten e - 7
ogivaEr Ty oeg.il ).
C e g ) - i e ] L E
mansroly, due Lo overy ebrupt Jdependerco o A onn &y
51 - - - - -3 - -~ . N -
Lt vien geems ta he very 2ifficwl: i exporimentol

viewps (nv. The error in R, cauged v coeor T osf .,

can be approximatsc in the energy range - oW L8
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vhat L&, L0 culweir the value
the ennrgy T shou. i Ue
worse than =,

ihere i8 anct

ties in . the o

~adeedld,

not mean thet the intergalac

ine gamma-~rays of thesec ener

digh-eneryy same-rays,

g cof se

Comptonr scatterin

A

ir the MER field.

1 e
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Brs 2 ITON el 4 Ade 1 tne Rl fleld. 7Ug.2 vhe highe
.. 2Ny EMTMM-TEYS 2D whaoh 15 formed ar hn distance
1) - N =) o P SRS PP
Som Y00 Hpe from ot gource oF monochromallic radiavic. wiih
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By, - 14 aV ia shown. The numericsl ca.noulations of oo
2lec LAV eagtaes was pelformed by the Donte~laclo o
- N . i 1 -~
o teChor e e cotnie v U e Twor s o Lavge vedish
apllical thioFmasses w.th cnaat bo moohoprodactior an
PLalt e o sges, e SouLETR Weakly werno i1 whe
initial 3peci-a of gamie -: o] egrmitted in the range o7 super.-
n1gh energies k£, ™ L. | 1., guw.na-rays come to the .bgerver

“gtandard’" spectrum.
cut-off is slightly devieted

pacted from the condition

accuracy of distance ranging.,

il

the spectrum shown fig.2
account ibe magnetic field.
acteristic scale of magnetic

greater than the Larmcuer ra

exy

:8 aeen Trom fig.2, the spectrum

E.

rom the vsalue wtiich ia ex-

T(E.) = 1. This will woraen the
it

gshould be noted, hcwever, that

wns calculated without taking into
In the magnetic field with a char-
inhomogeneities of the order A

e the secondary electrons

dius '




will be deflected at the luugth A to an angle a8 ~ 1/
[17]. For characteristic magnitudes of H ~3 - 1777 Cs ang
A ~10°T cm in the intergelactic space [171 we hure AG ~0.1.

At the same time, since the mean free puth of slecirons with

22 em) ig greater than A , in effect

Ey~10" ev (A ,~10
the secondary electrons will be deflected out of the beam
prior to secondary gumma-ray emission in the inverse Compton
scattering process. Thercefore, a detectoer with angular resolu-
tion a8 < 5° 4ill be not semsitive to gecoundary photons of
electromagnetic cascade.

while the test of cesmological origin of w30's redshilve
seems to be relatively eagy experimental preblem, the accu-
rate measurment of distances to QCOs reguires precise apectieal

i3

%]
[

measurements,. I the cosmological origin of the redshi’t
estatilished for certaim, it will be possible to determine the

value of Hubble's constant for distances R > 10 Npe, ..c.

He ™ CZus R . In fig.2 the sgpectra from a scuice witd

) . =2 o N

Z2,~2.% ¢« 1077 that 2orrespornds t¢ R = 100 Npe or 7 o= i3
Mpc =t Ho= 7% /2 » Mpe or H.= 5C kmfes ¢ Upr. respec-

A

tively, arc shewn. Ag ig geen from this Figure, i eruer 1o
choose one of these velues for i, , a detector with the
energy resolution not worse than 5% is needed. At the same
time one should once more 3tress the sgignificance of the accu-
rate knowledge cf the MBR spectrum at submillimeter wavelengtha.
For the realization of the above task, the nearesi JSUs
( Zo,<« 1) such as 3C 273 and 02414622, for whiczh the evolution
effects are not very essential, seem to be most convenient. The
observation of QS0s with Z,2 1 cllows investigation of the

character of the MBR evolution in time.

[



3.2. Extragelactic sources with 2,20

Provided the cosmological origin of L:0's redshifts is
finelly confirmed, it will be possitie 50 use the observations
of these most remote objetecs of the lYniverse ¢ Z,< 3) for
probing the MBR in ancient epochs. According to contemporary
viewpoints, the MBR should strongly evolve in time. The tem-
perature and photon density of NBR increase proportisnaRl o
(1 +2 ) and (1 + = )3, respectively., Besides, the gamma-rsyrs
have been more energetic in thke epoch 2 , i.e. Ex(z);Eﬁw:fz)

EJ being the energy of Hdetected gamma-rays. All these factors
bring to an e¢gsential increcae of optical depth and, therefore,
to a aiseificant shift of the expected cut—-off energy E. .
The cut-off energy . ig dctermined by equation T(E.,Z.) =

where #Z, 1is the vedahift o7 the sourcs, and T’(Ex; Za) ia

+

.

tne phctopreduction optizul depth, which is uesreribed by eq. (14}

L the cngs of ihe Planckian distributior of Bk, One uway easi-

1y en v tvhat the mein Jdepeadance oF E. on Z, is degcribec
-
- 1 3 = oA A “ p po’ 3 r
by e relutior  E_ {1+ 2,0 7. Heace, #, Dbeing even s
small os Z,= U,1, the evoluti.n of MBR will lesd to & 2™

shift of the cut-off energy E_

In fig.4 the spectra of high-energy gamma-rays expeciod
from sources with different Zo &are given. It is seen that
if the evolution of MBR takes place, the cut-off of the gamma-
ray spectra should be expected in a wide range of energies

12 14

10°" eV depending on the magnitude of 2, {(solid

EZ“'?O
curves). In the opposite case (no evolution of MBR) all the
cut-offs will be about ~ 7 « 102 eV (dotted curve ).

Thus, the reliable observaiion of even one Q30 with Z., >

will give unambigucus information on the presence or absence o1

OO it e e e e e



the MBR evoluticn. 1t ghould be note: that the spectra given
in fig.4 ure calcula‘ed for the Planckian dietritution of MR
and for He= 75 kn/s - Mpc. Possible derivations of MBR from
the Planckfs distribution law as well as uncerteinty in H
cannct result in a substantial change of the cut-off energy
Indeed, E. depends on H, only logarithmically, and at the
maximwn available Yy = 0.055 [29] the velus of E. snifts
only twice (see {ig.1). Moreoier, compairing e number (at
least two) of spectra with various Z, would 2nable o exclude
these wncertaintiea and to coﬁe to unambiguone conclusions,
Obviousliy, & high einergy resolution of dsinctors is not neces-
gary for this problem.

%e have gso far assumed thet Q35308 and AGNs emit gamme-rajye

2

of ultra-high energles. Foreible arguments in favour of posg-

nle acceleration of particles and production of secondery

[

neutrinos and gamme-vayds {(due to 7 —meger Jeor nltoen
energines in 4SOz and ACKs were ziven in L iC,10). lamer uile
ul tra-high ernergy gamna-1ays mey be absorted in the Jlel s of

N

-ray phetonsg liractly in fthe source [2¢ j it ia. bowever. es-

[

avntiel first cf wil for gamma-rays of moderate snergles

I3

4
{ E¥<<1O|2 eV} being connected with the decreasing behaviour

e C*
nf tre photocroduction cross section ( o< & "tnE Y sy B dET
. . - 1” . ..
ir 4 reegult, the gamma-rays with &;,. =¥ eeslly overcome

O

the X-ray "harrier'" of sources [21} Besides. there are obhserva-
tional evidences of the possible anisotropy ol the radistion
of QS50s and AGNs [22] which algo favours tne gemme-ray escape
from the source. It is worth noting that gamme-rays with

Eg> 1012 eV have mlready been observed from the nearest ac-

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

[P



Theoretically expected luminosities in neutrine and
gemma-rays of ultra-high cnergies from Q30s and AGNs allow teo
hope that theyr can be detected in the designed experiments for
registration of neutrinos (DUMAND project) and gamma-rays [24]v
Correlated y- v obsgervations 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-reys in
MBR field or they simply reflect the pecuiiarities in the

spectre of accelerated protons and nuciei.

7
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