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1 • Introduction 

Discovery ot primary ultrahigh energy gamma-rays (It> 

106aeV) , teatitiee the existence ot ultrahigh energy cosmic 

ray (UEOB) sources in the Galaxy /1,2/. Ir the gamma-rays 

are of secondary origin, i.e. they are the product of intera~ ­

tion of OECR with ambient medium, t~en ultrahigh energr alee• 

trons should also be inevitable produced. Actually, it gamma­

rays are ot an "electron" origin, the7 can be produced due to 

the Compton · scattering of diriictl)' accelerate·d electrons on 

the ambient low trequenc7 radiation. (At oollditions of high 

density ot low trequ,ncy ~adiation · and 11&gnetic fields in poa-
' Bible source• et ca.the other produotioc processes are less et~ 

ticient). on · the other hand, it the gamma-rays are of a "pro­

ton" origin, i.e. are produced. from the n ° -decays, then the 

genetically associated electrons (from. the YTt -decays) are 

produced nearly at the same nW11ber and •1th the same spectrum. 

Besides, the interaction between the ultrahigh ener.a gamma­

ra1a with blackbody radiation (Bil) 2,7k. reaulte copious 
+ ' 

.- -pair production in the interstellator medias (DI) • •or 

3 



example, the lwninosity ot·fil'lll.y established source of ultra- , 

high energy gamma-rays (UBQR) CygX-J is L,. {B'S~ 106GeV) >,. 

1037erg/s /J,4/. The high energy electrons (BBB) lumino­

sity must be at least of the same order, since the small free 

path of tmCR ( 1- 1 Okps) leads to the "bold-up" of gamma.­

rays in the Galaxy and hence to electron production at the 

same energies. 

2. Electrons Speotrm1 Pormation in Dl 

The energy distribution ~f the electron. in the Ill with 

the injection spectrum lo(E) due to energy loss and escape 

from the Galxy is transformed as: 

Nte.)= \~('t.)fs.) NoC.E)"' ( 1) 

,. e"'t' \- )•lt>C.E")f i lT-1
('e.")+ ,-\~")1 dE") c\r.', 

a' . . 
where B(E) is the total energy loss rate, 1:' (E) is the escape 

time and T(B) is the electrons lite time due to catastrophic 

loss. 

In the energ:r raJlg8 E>10GeV the energy loss due to ioni­

zation and bremsstrahlung are negligible (see eq./6/), In this 

range the loss due· to interactions witb · lll!lgnetic field (syn­

chrotron loss), with low frequency photon field (Compton loss) 

and the escape from the Calxy are dominating ones. Starting 

from E>102 GeV synchrotron and Compton loss dominate over the 

escape ones, and .hence the equilibrium electron spectrum has 

4 

the form 

NCt=..1-t.· 2 \N.,<.t::)d.£, (2 ) 

since the synchrotron and Compton loss increase as E
2

• In the 
-~ 

case of power law injection spectrum No(E)"'E , the equjlib-

·rium spectrum is 'also power law one, but with the index ol.+ 1 : 

Nlt:.)"" t:..(.c:l.T~) (3) 

However, in the energy region under consid6ration, essen­

tial deviation from dE/dt-E2 law is possible, Actually, the 

energy loss consists of the synchrotron and Compton ones 

dE/di: = (ct'E./dt\,'c'~C + (d°t/d°t)coM?\ (4) 

The synchrotron losses are /7/: 

(d.t./df)$'c'Nc::. - ?>~ nc!c ~2 ~'tt } 

( 5) 

where r
0 

is the electron classical radius , c is t he light 

speed, WK= H2/8T\ is the energy density of the magnetic field. 

Eq, (4) is correct up to E ~ 1010/H GeV, i.e. it is always cor­

rect at any reasonable values of electrons energy in IM 

(H: 10-5-10-6 Gauss), Tee things are different for Compton 

loss. In Thomson limit, when the condition bs4•E/(mc
2

)
2
« 1 (W 

is the ambient photon energy) is fulfilled, the losees are de­

fined by Eq,(5), where instead of the magnetic field density 

the ph?ton energy density llF ie to be substituted, 'Nhen b>)1, 

then due to decreasing b-dependence of Klein-Nishina cross-
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section, the eneru loss dependence on E becomes a logarithmic 

one (see e.g./8,9/): 

( 
1E/dt' :- ]!?~ W ... (mc2)2c(~V,- H/6). (6) 

0 '1COM9 w::t • 

In general oaee the Compton loes are determined b7 /9/: 

(dE/dt)co"''" = - ~2,~\)J. (mc
2

)
2c. lt6 + f +- t)tn,(l+fJ)-

-2.L~(.-1 1, ) -tn.1 U +'1)- OV\2.)t~+8~
1

+\~t•o1 
+ 11 r I .._ p_a, 1 

(7) 

where Li is dilogaritbmic fU11Ction. In the case H<<.(Bnw1 ) 112 

and b~ 1, the equilibrium epectrua ot electrons becomes harder 

than the injection spectrum: 

N(E)- ~-ep.-11\)/ ~E . (8) 

Ia tbe Ill eaera loH due to Co•pto11 a~tteriag are 11&ial7 

oaueed b7 1nteractioll8 ot relativistic electro .. wita BR a:at. 

a tar light photons C<.\J .v 1 eV), for which the oondi tion b» 1 is 

fulfilled at E > 105GeV and E > 50GeV respectively. Henct', the 

determination ot equHibrium electron spectrum in 1.m. at ult­

rahigh energies z·equirss the correct account of Compton loae, 

¥ig.1 shows the energy loss dependence in the caees,when 

the electrons are ca ptured in the galactic disk (a) and halo 

(b). The f ollowing parametecs were used in calculations: a)in 

:ae disk-tile i nfrared and optical photons energy density W
0 

% 

1eV/cm3, mag~etic f ield li=J.10- 6 Gauss; b) in halo - W
0

-;::. 

0 ,1 eV/cm3, magneti c f ield H=J.1 0- 7Gause . As it f ollows 

f rom the picture, the energy lose dependence deviation f rom 

t he E2 law at ultrahigh energies is essential both for disk 
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and halo. In the · latter case this is clear l7 revealed at ener­

gies E 104-105 GeV, owing to the small value ot magnetic fi el d 

(H2/Bn«WBR::::: 0,25eV/cm3). Thie fea ture, obviousl y , should r e­

flect the equilibrium electrons spectrum shape. 

J. Calculation results 

The curves defining the equilibrium electron spectrum,cal~ 

culated for the ca~es ot disk and halo are plotted in tig.2. 

The CR life time for disk and halo is 1,15.1016e and 

J.1o14s respectiTel7. The injection spectrum is Bo(e)·E-2•7, 

according to /10/. As it is shown in ret./10/, the beat fit o( 

experimental data in the energy range E>102 GeV is attained 

at these paraaetree In fig.J both the calcalated equilibrium 

spectrum of electrons capttired in disk and existing experimen­

tal results /10,11/ are shown. In the energy range E>102GeV 

the energy losses caused b7 the particles escape trom the cap­

ture region, as it has already been Roted, have no intluence 

on the equilibrium electron spectrum, which ia defined onl1 b7 

the injection spectrum and -parameters, describing the capture 

region (the magnetic field, radiation density and mean enerS)'). 

If the losses are proportional to E2 , we are to expect power 

law spectrum with the index d.•J,7 in tbe energ)' range E>102Gel, 

However, as it follows from fig.J, such dependence takes place 

only in the energy range E>105Gev, where the a7nchrotron loss 

proportional to E2 dominate (see fig.1). The theoretical spec­

trum from ref. /10/ is also plotted in tig. J. It should be 

noted.once more, that the relativistic correctioJUI tor inverse 

Compton lose were not accounted in ·ref./10/. Prom the compari· 
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son of the two curves, _calculated at the same initial aesump­

tions on the injection spectrum and the capture region para -

meters, it follows, that relativistic corrections are essen­

tial starting from E 102GeV. The account of these correctio~ 

leads to a better accordance with the existing experimental da~ 

ta. The differences in the spectra behaviour, as it was expec:­

ted , become more essential i•·the case of halo, where the mag­

netic field energy deDSity is much less than the .BR density. 

Note, that the correct calculation of equilibrium spect­

rum of electrons in th0 energy range E.v10bGeV needs the ac -
+ 

count of e--pair production due to the interactions of secon-

dary gamma-rays with E-106 GeV from the Compton scattering 

wit h .BR • However, in the zero approximation, this procesa 

is negligible, since at E ..... 106 GeV the Compton scattering is 

depressed by t he synchrotron loss (see fig.1). 

4. Summary 

It follows from the irregularity of the energy loss dis­

cussed above, that the electron spectrum at ultrahigh energiee 

must have sharp features. Hence, the experimental study of 

electron spectrum :ln this energy range gives large possibili­

ties to obtain information on the parameters, describing the 

capture region. In fig.2 essential differences betReen expec­

ted electron spectra for disk and halo models is observed. A 

possibility to obtain int'ormation on the electron spectrum at 

B-106GeV may be connected with the detection of synchrotron 

radiatio~ in the X-ray region (of an order of 50 KeV and 10KeV 
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i. 

for disk and halo respectively), produced by these electrons. 

A principle possibility for ultrahigh energy electrons detec­

tion by identification of Earth Atmoepheri~ Showers (EAS) of 

electromagnetic origin with anomalous small muon content, un­

fortunately, is excluded. Indeed, on Tien-Shan EAS array a 

particle flux, initiating EAS with small muon content at E~ 

6.105GeV, I•B,J i 2,9 10-13cm-2s-1 is observed /12/. At the 

same time, as it follows from fig.J, the expected electron 

flux at same energies cannot exceed 10-16cm-2s-1 (otherwise, 

a contradiction with experimental data at low energies will 

take place). It means that: i) the flux obtained by Tien­

Shan group has photon origin; ii) the registration of ultra­

high energy electrons by EAS analysis seems to be nonreali -

zable, since EAS induced by electrons and photons are similar. 

Much more realizable is the method of registration of syn­

chrotron X-ray radiation, emitted by electrons in geomagne~ c 

field, suggested in ref./13/. 
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Fig.2. The equilibrium spectra of electrons tor disk (a) and 

halo (b) models. 
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