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Abstnd. A model of high-energy positrons in cosmic rays is suggested according to 
which the positron flux detected at E a  l0GeV is due to the interactions of very high 
energy (E, > 100 GeV) gamma rays with optical and ultraviolet (uv) radiation in the 
vicinity of discrete sources. In the frames of the model it is possible to explain both the 
sharp increase of the ratio r+(E)  =e+/(=+ +e-) in cosmic rays at energies E 2 IOGeV, 
and the total spectra of electrons and positrons at energies E s 1 TeV. 

1. Introduction 

In a number of recent independent experiments (Buffington et a1 1975, Muller and 
Tang 1985, Golden et a1 1987) a sharp increase of the content of positrons in cosmic 
rays (CR) at energies E a 1 0 G e V  has been observed. Such a behaviour of 
r+(E) E e+/(e- +e+)  is not explained in frames of standard models assuming the 
secondary origin of positrons (due to interactions of CR with interstellar medium), 
while at lower energies, E = 1 GeV, the positron flux predicted by these models is 
consistent with the measured flux of positrons (see, e.g., Protheroe 1982, Muller and 
Tang 1990). Presumably, new ideas and approaches are needed to interpret this 
effect. 

What are the questions to he answered? 
(i) The positron flux at energies E 3 10 GeV arises suddenly; at least the ratio 

r+ = e’/(e- f e+) increases up to r+ = 0.2 at E = 14+20 GeV, being r+ s 0.05 at 
E = 3  GeV (Muller and Tang 1985). 

(ii) A sharp increase of the flux of the new component of positrons further 
should at least slow down and even decrease so as not to contradict the absolute flux 
of CR electrons (e- and e+) at E = 1 TeV. In particular, such a contradiction may 
arise in the model of Harding and Ramaty (1987), where the e+e- production in 
pulsars is discussed, if the cut-off in the e+e- spectrum of a pulsar at E - 1 TeV is 
not supposed. So any model should provide an unusual spectrum of the new 
component of the positrons, with an increase up to E - 10 GeV, reaching a plateau, 
and finally decreasing above several tens of GeV. 

In the present paper we propose a model which makes it possible to understand 
and explain the observed peculiarities of both the ratio r+(E)  and the total electron 
spectrum. The basic idea of the model consists of the assumption that the positron 
flux detected at E > 10 GeV is due to the interactions of the high energy gamma rays 
with the ambient low-frequency photons in the vicinity of discrete sources. The large 
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cross section of e+e- pair production at photon-photon interactions (U,, - 
10-25cm2) can provide a high efficiency of positron production in the vicinity of 
gamma-ray sources where high densities of low-frequency radiation are possible. 
Besides the high positron proaucrion rare, this mccimiiiwr also ;ea& iir B pcs:ia, 
spectrum of secmdary electrons due to the kinematics of the reaction yy- e+e-. 

The energy E, of the gamma rays interacting with the ambient isotropically 
distributed photons with characteristic energy E~ must exceed the threshold value, 
E, >Et,, = ( v z ~ c ~ ) ~ / E ~ .  Since one of the secondary electrons takes almost the whole 

range 10 s E s 100 GeV, obviously the gamma rays in the energy range 10 GeV 6 
E s 1 TeV will be considered. These gamma rays interact most efficiently with the 
optical and uv photons 1 < En < 100 eV, since the cross section u,,(E,, E ~ )  reaches 
the maximum at E,En/(m,cZ)Z 2 3. 

In principle, the gamma rays may interact with optical photons both near the 
s=i;;ce aad in the i~te:ste!!a: medir;m. The ax!ysis S ~ C W  that to zxp:aiii ihe 
observed fluxes of positrons at E 3 10 GeV in frames of the model proposed, the 
gamma-ray interaction probability should be z.,, 3 0.1 (see below). Such high 
probabilities cannot he reached for interactions of gamma rays with starlight in the 
interstellar medium, as in this case tTy = &,,nOp,d is only zyy- (d - 300 pc and 
nap, - 1 cm-3 being the thickness of ‘the galactic disc and the starlight number 
&:sky i: the ir?!erste!!zr -edit=, respective!y). Se, the high va!nes ef cy, required 
may be provided only for interactions of the gamma rays in the near vicinity of 
relatively compact gamma-ray sources. 

F A  Aharonian and A M Atoyan 

,.I tL^ ~ ---- .̂.̂ “*.._ ..“A ^ ^  ... ̂ ~ - -  :-.----A.> :.. .L. crrcrgy UL LUG gaunrm ~ U ~ L I L U U ~ ,  aiiu aa WG a i ~  LIIIC:ICSLCU 111 inc ciecrrun energy 

2. The total gamma-ray flux from discrete sources in the galactic disc 

The basic parameter for calculation of the high-energy positron flux in frames of the 
model proposed is the gamma-ray luminosity of the galaxy provided by discrete 
sources. Unfortunately, the energy range of gamma rays of interest, 10 GeV s E < 
1 TeV, is quite uncertain. Nevertheless, helow we can use reasonable estimates for 
the relevant gamma-ray fluxes, by extrapolating the fluxes available at E, 2 
100MeV to higher energies, and not contradicting data at very high ( E  3 1 TeV) 
and ultra-high (E > 10l4 eV) energies. 

The observed COSB intensity of the galactic disc at E, ,a  1oOMeV within 
Ib( s lo”, averaged over all galactic longitudes, is 5,(3100MeV) = 2 X 

cm-’~-~sr-’ (Vladimirsky 1988). This flux consists of two components: the truly 
diffuse component connected with the processes in the interstellar medium, and the 
component owing to superposition of gamma radiation from unresolved discrete 
sources. At E, - 100 MeV, the contributions of these two components are com- 
parable. The analysis carried out by Yuqian and Wolfendale (1990) shows that 
discrete sources (both resolved and unresolved) are responsible for the fraction 
f = 0.31 f 0.06 of the total gamma radiation of the galaxy at E, 3 100 MeV. This 
corresponds to the gamma-ray flux from the galactic plane due to these sources, 

(1) . ,-* fin-. .. r , .  < ,n-s.--z.-I---l  
J , , ( S l U U I V l t : V ) ’ = O ’ I U  Cl l l  b SI . 

Though at energies Ey - 100 MeV several processes (connected with both 
accelerated protons and electrons) with different gamma-ray spectra may have 
comparable Contributions, here we assume the single power-law spectrum Of 
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gamma rays extends at least up to E - 1 TeV. The differential spectra of COS B 
sources at 100 MeV E 1 GeV are rather hard with the typical power-law index 
a- 2 (Bignami and Hermsen 1983). The continuation of the gamma-ray spectra of 
discrete sources up to E, - 1 PeV explains a number of puzzling features of CR 
(Wdowczyk and Wolfendale, 1983). In particular, the power-law index n - 2 agrees 
with the 'diffuse' gamma-ray data observed by the CrAO group from the galactic 
plane at Ey - 1 TeV (Fomin et a1 1987, Vladimirsky 1988), as well as with the 
Baksan data on CR anisotropy (Alexeenko and Navarra 1985). The hard gamma-ray 

the sources are essentially harder than in the interstellar medium. The measure- 
ments of the energy spectrum and composition of primary CR on the Space Shuttle 
indicate that the CR propagation pathlength decreases (AmE-o .6 )  up to E- 
l TeV amu-l, which is consistent with a source spectrum of the form E-"'*''.1 
(Grunfeld et a1 1990). 

unresolved sources in galactic disc, J , ( E y ) a  E;'.', and using (I), we obtain: 

^^^^._^ ^E .L- " ̂ .._^^^ ~ - -  ----:".^..A ... :.I- .L̂  -..:A .--- LL-. .L̂  ^- _̂..... I.. s p x u a  UI uir DVULLCJ aLc CUUMJLCIII wiui  LIIC t;niaung CVIUCIICG urai LUC LK sycctra LU 

....., thp .I.- Y",,"L-,".. nnl.mr-l.ls.. Gnartr..m "y-.,.L".., =f gzAT.FL-a rays frGE bcth rcsG!reb acd 

Jy(Ey)  = 5.2 x 10-6(E,/GeV)-2.1 cm-2s-1sr-1 GeV-'. 

qect . r l  flax and the s p t r n m  of the necondary &ctrons (p' and_ e-) d_ep.fid 

(2 )  
Now suppose that some fraction of gamma rays interacts with the ambient 

low-frequency radiation before escaping the sources, producing e+e- pairs. Both the 

the production rate in the sources and their diffusion in the interstellar medium. In 
order to calculate the expected flux, some assumptions on the emission power 
&(Ey) and the spatial number density, p , (R)  (dNJdV)R, of those sources should 
be made. Below we consider the simplest case of spatially homogeneous distribution 
of the sources, p,(R) = p, = constant, with similar source parameters. This assump- 
tion is not critical, since the electron diffusion in the interstellar medium significantly 
smooths the inhomogeneities of the real source density p,(R). At the same time, it 
essentially simplifies the problem, allowing us to use the specific (per unit volume) 
gamma-ray emissivity e,(.!?,,) averaged over the volume filled with discrete sources: 

QJE,) = ps&(Ey) cm13 s-' GeV-I (3) 
where k Y ( E y )  is the characteristic gamma-ray emissivity of an individual source. 
Now assuming that the sources fill the disc with some radius R ,  around us, the 
observed differential flux J,(Ey)  in the plane of the disc is related to Q,(E,) as: 

Using ( 2 ) !  we obtain: 

4 n  

R ,  
Q,(Ey)  = - J y ( E y )  = Qo(Ey/GeV)-Z.' 

with 

Here Ro is normalized to 5 kpc, since the characteristic distances to COS B sources 
are estimated to he within 2-7 kpc, which follows from their narrow distribution 
over heights in the galactic plane (Bignami and Hermsen 1983). 
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3. Positron production in sources 

Now suppose that, prior to  leaving the source, gamma rays interact with the ambient 
!cw-freq"er?q photons with m e ~ n  erlergy E:, 2nd cnndder t h e  case of an ontically 
thin target. The pair production spectrum q + ( E )  in general case has been studied by 
Aharonian et a1 (1983). In the particular case of a power-law distribution of gamma 
rays, the spectrum q + ( E )  has the following characteristic shape: starting from thc 
minimal energy E, = m2c4/4&" of the electrons (both e+ and e-) produced, the 
spectrum sharply rises reaching the maximum at E - (2+4)E*: and then at E >>E* 
it decreases as q, (E)  a E-("+') In(E/E,). For further calculations the following 
analytical approximation for the pair production spectra per interaction will be used: 
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where x = E / E , > l ,  and f(a)=1.11(1-1.44a+1.06a2). For a-1+3 this ap- 
proximation provides an accuracy better than 20% (note that at a = 2 the accuracy 
is about 5%). 

The spectrum (7) corresponds to the creation of two electrons per interaction, 
i.e. J q + ( E )  d E = 2 .  To obtain the total electron production rate in the source, 
&(E) = q+(E)r,,, we should determine the total rate ryy  of yy  collisions there: 

Here &,,(>Eta) is the total rate of gamma-ray production at energies E y a  
Eth (E,, = (m,c')'/e, being the threshold energy for gamma rays interacting with the 
ambient photons with characteristic energy E, and number density no); tyy = nom,& 
is the optical depth accumulated by a gamma-quantum with energy E, >E,, at 
pathlength I before escaping the source. For the power-law spectra of gamma rays 
f iy(Ey) a E;" the averaged pair-production cross section per gamma quantum above 
the threshold 

(8) = w  iJI\F \ 
? y y -  'YV,y\'-thl' 

ayy(o0 =I %&)N&) dE,/% ( > E d  (9) 

is a weak function of a. The numerical calculations show that Cyyy = 0.85 x cm2 
at 01 = 1.5, 3yy = 0.91 x 

In (8) we assume that the source is optically thin for gamma rays, i.e. tyy< 1. 
This assumption allows us to equate the production rate of gamma rays in the source 
directly with the emissivity of the source (since the absorption of gamma rays in this 
case can be neglected, N , ( E y ) = k y ( E y ) ,  and thereby to connect f i y ( E )  with the 
observed flux of gamma rays via (3)-(6). Moreover, in this case the possible 
distortion of the positron production spectrum due to Compton scattering in the 
source can also be neglected (since tComp- tyy< 1). provided, of course, that the 
electron trapping in the source is negligible. 

Now using (3) and (8), the specific rate of injection of secondary electrons into 
the interstellar medium (per unit volume), Q+(E)  = p&,(E), can he written as: 

cm2 at a = 2 and Cyy = 0.83 x cm2 at a = 2.5 

Q , ( E )  = ' y y Q y  (>E,h)q+(E).  (10) 
It should be noted that the positron injection rate, Q+(E) = Q * ( E ) / 2 ,  depends on 
the gamma-ray emissivity Q,(E,) ,  which is defined by the observed flux of gamma 
rays, J y ( E y ) ,  and the characteristic size R, of the region filled with the sources, as 
well as on the free parameter tyy(<l). 
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4. The equilibrium spectrum of positrons in the interstellar medium 

The secondary electron (e' and e-) specific injection rate Q + ( E )  being known, one 
may determine the equilibrium electron spectrum n,(E) in the interstellar medium 
using the familiar stationary diffusion equation 

Here P ( E )  IS the electron energy loss rate, t ( E )  is the CR electron confinement time 
in the interstellar medium. Following Protheroe (1982), we will use the dependence 
t ( E )  a E-6 with the index S in the interval 0 < 6 < 0.55(E 5 10 GeV): 

t ( E )  = to(E/10 GeV)-' to = lo7 y. (12) 
In the electron energy range of interest the energy loss rate P(E) is pre- 

dominantiy due to synchrotron radiation and inverse Compton scattering: 

where W,, WMBR and WO,, are the energy densities of the magnetic field, microwave 
background radiation and optical radiation in the interstellar medium, respectively. 
It should be noted, however, that this expression for P ( E )  is only correct for 
electron energies E << 100 GeV, since at energies E 2 100 GeV the condition of 
Thomson scattering of electrons on optical photons does not hold and the energy 
losses in the optical photon field decrease. Since in the interstellar medium 
WO,, S WE + WMBR, the neglect of this effect may lead to a noticeable error (up to a 
factor of two). For present calculations we have taken WE = 0.4 eV ~ m - ~ ;  W,,, = 
0.25 evcm-~'  and Wop, = 0.45 e v  cm-'. 

Using (lo), the general solution to (11) can be written as: 

n + ( E )  = ryyF(E) (14) 
where 

The expected differential Rux of electrons connected with e+e- pair production 
in frames of the model is 

C 
J,(E) = - + ( E ) .  4n 

Taking into account that half of the Rux J,(E) is in positrons, J+(E) = $J+(E),  and 
using (14) and (16), the relevant positron content r+ = r+(E) =J+(E)/Jobs(E) in the 
CR electrons Rux observed, Jobs, can be written as: 

where F(E) is given by (15). 
The equilibrium differential spectra of electrons, G,(E) =J,(E) X E', resulting 

from e+e- pair production are shown in figure l(a) and (b). The absolute fluxes of 
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Figure 1. ( a )  Equilibrium differential spectra of electrons (e+ and e - )  resulting from 
e+e- pair production in the sources. The spectra are normalized 50 as to satisfy the 
observed ratio r+(17 GeV) = 0.2. The calculations are carried out for eo = 10 eV and 
parameten 6 = 0 and 6 = 0.4 (full curves). The broken curve corresponds to the 
electron spectrum for S = 0.4 when ignoring the relativistic corrections to the Compton 
scattering cross section. The experimental data for the electron fluxes detected by 
different groups are taken from the compilation by Omes el ai (1986). (b) The same as 
( a ) ,  but for E” = 30 eV and parameten 6 = 0, 6 = 0.4, and S = 0.55. For simplicity, only 
the high energy experimental data reported by Nishimura el al(1981) are presented. 

this component are calculated assuming that almost all the CR positrons at 
E > 10 GeV are due to this mechanism. Indeed, according to conventional models, 
at E > 10 GeV the content of secondary positrons in CR, resulting from interactions 
of CR protons and nuclei with interstellar gas, is only (2+5)% (see figure 2). Then 
the absolute values of J,(E)= C, (E) /E3 are found from the normalization at 
E = 17 GeV: where 
we use GOk(17 GeV) = 300 GeVZ m-* sr-l s-’ and r+(17 GeV) = 0.2 (see figure l(u) 
and figure 2, respectively. The spectrum J, (E) ,  calculated without account of 
‘damping’ of radiative energy losses of electrons in an optical photon field (due to 
the Klein-Nishina cross section), is shown in figure l ( u )  by a broken curve. All the 

G,(17 GeV) = 2G+(17 GeV) = 2G0,(17 GeV) x r+(17 GeV), 
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Eyre 2. The ratio of ,+(E) e+/(e+ + e - )  expected in the model. The calculations are 
carried out using equation (17). and correspond to the normalization r+(17GeV) =0.2 
and for the parameten: 6 = 0.4, E" = 30eV (full curve); 6 = 0. E,, = 30 eV (broken 
curve); 6=0.4,  eo= l 0eV (chain curve). The experimental data are taken from 
compilations by Ormes el a1 (1986) and Miiller and Tang (1990). The content of 
secondary positrons resulting from CR interactions with interstellar gas, predicted in 
frames of different CR propagation models, are also presented (see, e.g., Ormes el a1 
1986). 

other curves are obtained with this effect being taken into account. As follows from 
these curves, the values of 6 2 0.55 lead to inconsistency of the calculated spectra 
with the total electron Hux detected at E,. 100 GeV. This is the consequence of a 
more intense leakage of electrons from the confinement region at higher 6, which 
requires too high production rates of e+e- pairs at energies E = 1 TeV to provide 
the observed positron flux at E = 17 GeV. At  the same time, in the case of 6 S 0.4 
the observed spectral Huxes of electrons and positrons can be satisfied in the frames 

..&e$ $f Eo' IOpV z"d ti ,=30eV of nntir.21 
-y"T-' photon mean energies. Note that it is difficult to obtain a good agreement with 

experimental data if the photon energy c0 is both well above or well below the 
energy interval 10 S co 4 30 eV. 

The dependence of the positron content r+ on the energy E is presented in figure 
2. As in figure 1, all the curves are normalized to r+ = 0.2 at E = 17 GeV. In this 
figure, all the curves corresponding to different values of the parameters S and c0 
are in agreement with the experimental data, providing, in particular, a sharp 
increase of positron content above several GeV. At lower energies the contribution 
of the proposed mechanism becomes negligible. However, at these energies the 
experimental data can be explained by standard models, i.e. by positron production 
at interactions of CR with the interstellar matter. 

better choice between different values of 6 and E,,. We can see that, while at 6 = 0.4 
the positron content continues to rise with energy up to E = 100 GeV, the curve 
corresponding to  6 = 0 reaches the maximum r+ = 0.2 at E - 20 GeV, and then de- 
creases with increasing energy. Such behaviour of r+(E) is connected with a steeper 
decrease of J,(E) as compared with the electron flux Job,(!?) (see figure l (b ) ,  the 

=f the p:cpy& r.nde! fey 

The re!-tive!y !srge Kcertair?!ie$ of erpcri-enta! d.!. da "at .!!a.. 5 s  !a mcke I 
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Table 1. Characteristic optical thicknesses with respect to photon-photon collisions at 
different E~ 

5 7  

to(eV) 6 = O  6 =0.4 6=0.55 

10 0.35 0.65 - 
30 0.20 0.72 1.8 

case with 8 = 0). In this case the proposed mechanism can provide no more than 
10% of the flux at energies E 100 GeV. So, some additional component of directly 
accelerated electrons will be needed. At the same time, the necessity for this 
additional component would be absent if 6 = 0.4 (see figure 1). 

The gamma-ray emissivity Q,(E,) and the optical photon energy c0 being given, 
the only free parameter defining the absolute value of r+(E) in (17) is the 
characteristic optical depth T,, of the source. Then, using (5) and (6) for Q , ( E ) ,  the 
observed electron flux J,,,(E) and the positron fraction r+(E) = 0.2 at E = 17 GeV, 
we find r,,presented in table 1. The obtained values of ryy are within the interval 
(0.1, I), which is consistent with the previous assumption on optically thin sources. 

5. Discussion 

The anomalously high content of positrons in CR at energies E z= 10 GeV (Buffington 
ef a1 1975, Muller and Tang 1985, Golden et al 1987) is in an apparent contradiction 
with the standard models suggesting the positron production due to interactions of 
CR with the interstellar matter. Most probably, to explain this part of the spectrum, 
some extra component of high energy positrons is needed (Muller and Tang 1990). 

In this paper we propose a model according to which this extra component of 
positrons is produced in discrete sources due to ipteractions of high-energy gamma 
rays with the optical (and/or uv) radiation. This model allows one to satisfactorily 
explain the observed sharp increase of the ratio r+(E)  = e'/(e' +e-) at E 2 10 GeV 
(see figure 2) without any contradiction with the total differential spectrum of 
electrons and positrons detected (figure 1). At the same time, in the case of the 
optical-uv target photons, the pair production spectra in compact sources drastically 
decrease below E - 10 GeV, so that at E < 3 GeV the proposed component of CR 
positrons is well below the positron content observed. In this range, however, the CR 
positron data are readily interpreted in frames of conventional CR propagation 
models (see, e.g., Muller and Tang 1990). 

The results presented in figures 1 and 2 are normalized to r+ = 0.2 observed at 
E = 17 GeV. For the model to be realistic, it has to provide the absolute fluxes, 
which depend first of all on the number and luminosity of the gamma-ray sources. 
Unfortunately, the energy range 10 GeV 6 E, =z 1 TeV, which is most critical for our 
model, is quite unexplored. Therefore, we have to make certain assumptions about 
the relevant gamma-ray sources. 

In this paper we consider the possibility that the high energy positrons are 
produced in gamma-ray sources (both resolved and unresolved) responsible for 
about 30% of the galactic disc gamma radiation at E, 3 100 MeV. We suppose that 
some fraction of the gamma rays emitted interact with the ambient optical/uv 
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radiation in these sources, producing e+e- pairs which then are injected into the 
interstellar medium. For the gamma-ray emissivity Q,(E,) given by (5) and (6), the 
absolute fluxes of positrons at E 2 10 GeV are provided at characteristic probability 
of gamma-ray interaction before escaping from the source 0.1 < tyy< 1 (see table 1). 

Since the nature of these gamma-ray sources still remains quite uncertain (e.g. in 
literature as possible candidates for these sources are discussed such objects as 
young radio pulsars, supernova remnants, young star formation regions, x-ray 
binaries, etc), each of these cases needs a separate discussion, which is out of the 
scope of this paper. Here we only note that the requirement of tyy 3 0.1 does not 
seem to be extraordinary, if we take into account the large cross section of pair 
production as well as the possible existence of high density radiation fields in the 
ambient matter heated, in particular, by accelerated particles. This requirement may 
be satisfied even in non-compact objects, for example, near OB stars, which are 
widely discussed as possible gamma-ray sources. To demonstrate the latter, let us 
consider the interaction of gamma rays with the Lyman continuum photons 
(eO>13.6eV) of 0 stars. The luminosity 2 ( L , )  of, say, an 0 4  star is about 
Lf(L,) = 1.3 x los0 photonsls (see, e.g., Kaplan and Pikelner 1979), therefore, the 
optical depth ryy = I (  uyy)nL, = ( 0,,)6P(L,)/4nlc - 0.3 can be provided at distances 
I G 1014cm from the star. 

Gamma rays responsible for e+e- production obviously are of secondary origin, 
resulting from interactions of directly accelerated particles, electrons and/or 
protons. For the latter case some comments should he made. At pp interactions, 
apart from the no mesons (decaying to gamma rays) a comparable amount of n* 
mesons are produced as well. Then, to avoid a contradiction with experimental data 
on the positron fraction in CR electron flux which may arise at low energies, 
E - 1 GeV, the electrons and positrons resulting from the decays of a*, should be 
captured in the production region, e.g. by magnetic fields. Gamma rays escaping 
from this region may then interact with the ambient photons at a distance, where the 
strength of magnetic field is essentially lower, so that the photoproduced pairs can 
leave that region without significant energy losses. 

Finally, we would like to emphasize once more that, due to the lack of 
experimental data concerning the gamma-ray fluxes at energies 10 GeV S E ,  < 
1 TeV, we have used an extrapolation of the fluxes detected at E, 100 MeV. It 
does not, however, exclude that the real fluxes at energies Ey - 1 TeV may be much 
higher (by more than a factor of -10) than follows from this simple extrapolation 
(Fomin ef a1 1977, Dowthwaite ef al 1985). Unfortunately, the energy range 
E., - 10-100 GeV, which is most important in our model, is as yet available from 
neither satellite nor ground-based experiments. Nevertheless, the measurements of 
the gamma-ray flux at EY-10GeV by GRO (Kanbach et a1 1988) and E y >  
100 GeV by GRANITE (Akerlof er a1 1989) may significantly clarify the question. 

The detailed measurements of the differential spectra of high-energy electrons 
and positrons, in particular, at E > 100 GeV, planned in the futue 'ASTROMAG 
experiment (Ormes er a1 1986), will be very important for verification of the 
proposed model. 
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