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In the present work the photon spectrum produced in the

two-photon annihilation process of the relativistic electron-

poaitron pairs is studied and possible astrophysical epplica

tions are discussed.

1. The differential intensity of the two-photon

annihilation i

On the annihilation of electron and positron with fixed

four-vector momenta R. = (R.} l£-) end F+ = (P+,*lE + )

respectively, the photon with definite energy is produced in

the given flirection of oTjservation. The second photon is emit tod

in the direction to provide the conservation law:

К •'- v '& t
 1<л
*] ^Ц i ^

vector aomenta of

The differential cross section of the p̂ -oeess

is Li



where

In (2) and (3) we take n i
e
« c * fl s 1, *L

O
 is the electron

classical radius, 36 ̂ «nd 36
a
 are relatiTistic invariantsj

V/
1
 ia relative velocity of colliding electrons and c/JJ is

the solid angle of photon emitted.

It should be noted that the cross section (2) is correct

for velocities v V c ? ^ ( °l • 1/137) corresponding to kine-

tic energy higher than 1 KeV. For V <2<5Го( it is necessary

to take into account the Coulomb corrections^ -I Further on

we shall consider the annihilation of electrons of energies

£ 1 KeV.

irom tne conservation law (1) it follows that for the fixed

electron and positron momenta R. and r+ . the photons in the

given direction have got 6 -function energy distribution.

But if the electrons have some momentum distribution,/+ (Pt)

in the observer's direction, one obtains a broad spectrum. •

Consider now the annihilation spectrum of isotropicttlly

distributed monoenergetic electrons and positrons with total

energies €. and 6*. . In order to find the radiation spectrum



we should average the cross section (2) over solid regies of

colliding electrons cl&. and ui2+ taking into account the

current j*V'/(P-);fW .

We denote by о/*'* (c£, it) * P*№
 + P~ the tot«l four

vector momentum of electrons end by в the imgle between

a a f>_ + p+ (J «nd photon momentum К ("scattering" angle).

Then it is clear thnt for €. * £-+ £ * fixed the photon energy

depends only on Q * j a j and 0 . Indeed, writing

Eo.(1) as K1*1-^**'8- Ki(** «nd taking its soupre we

obtain

Therefore, in further cplcul^tiona it is convenient to use

independent vector variables CJ, end the smrllest of momentr

f̂  and *• ins tend ot R raid P+ . For certainty we

suggest j R. | * | P+ I • Then for »ny P- ^nd p.iy unit vector

^ * C L / O , we can unambiguously srtiafy the requirement

< Г « ( 6 * Р * И '
1 Ь

У appropriate choice of P
+
(^^«con

Thus the vectors P_ and ^ are Independent prrrmeters.

The direction of vector ф we can determine using the

angle 4* between P. and I and axial nngle between the

planes (^ Г ) and (K, ^ ) (P!.g.1).

Prom the condition of
M)
- pj** & p ^ * one obtr -я



The Integration over cfSI + «л«! с/Л- results in the

over CLCJ, Ц? us
r
n^ rel

r
t

:
ons (4)-(5). Indeed,

(6)

The rr_->.ge of vprietion of Q, *.s P
f
 - p_ £C),*p + p_ . For

given т;р1ие a Eqs.(4) snd (4e) yield

Uain
6
 (7) we obtain

(р
+
-Р.)/г - p

where

The integration range in the (p
?
 x) plane is plotted In Fig.S?.

For derivation of differential intensity of photons it is



necessary to integrate (8) over all wrinbles excepting X

i.e. to inverse the order of Integration over P pad X

Then one obtains .
 2

«r

._ Prom (10) and (Юл) it follows thp.t the nnnlhilp.tlon spec

trum is not a smooth function and hrs a rupture of der\v«tive

Below we shall express the cross section (2) through x «

P and if variables. It is sufficient for that to express

the kinematic invariants £» and 3£f through these v*«ri*bles.

From condition (3) we obtain

at. * 2cj (6 -<^coi^),

. - P. СОЛ 9).

is the angle between К "-"-d P- ^nd с*»л be wr
;
 ttea

through V. , ^ Rtid ^ from я. s'.mple fieometris^l «one de

ration»

Finally using (O, (5), f 11> *пД (1Э) те fiid



(13)

For the function d(x , that is under integral, we find

following (2), (3) rnd (13) the expression

(14)

vrtiere

A*
(-*)-

The expressions (10), (14) end (15) entirely define the

spectrel intensity of annihilation photons for isotropicnlly

distributed electrons and positrons with energies 6+ end €.

The integration by angle *f (see Appendix) leads to

, ,
л
 л . (16)

8



- 1 / ,

/

Г
.Since the Initial electron and positron distributions rre

isotropic, the resulting photons have also to be 1 sotroplcrlly

distributed. So in (16) we have easily performed the intê rr.-

tion over the directions of annihilpting photons ( Ы $ ->̂ ПТ ).

a) Ftioton spectrum in general сазе

One con see from Eq.(i6) that the spectrujn is e symmetric

function relative to variable X - CJ-E , where E - — ~

a
i s the mean energy coming to the each annihilation photon.

This interesting result has « simple physio«l explanation.

Indeed, from the energy conservation lew i t follof'S that -f

or.» of the photons hf.B the energy ir. ar, interval (ĉ CJ+cfco ),i\Q:: the othor о:.» ,я лч 1;'е energy гч-.^е ( с! ̂  "
 :
-

;
 ° •-• ̂ ••o! 0.)].

?У\атв?ят&1 !,:.& '.,;'•»:• 1 >v.-Tiber or p^ioto-.s I.л ̂ >еяе .i

T;.c ir:t.^ra-:.iiv; of (16) ov-зг P is gi(?e:: l.a A p p w d i z .

ITo^e re preneat CT.J.J the f
r
nal res--u.t;

в P. 6 + 6 -

s

(19)
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Quantities a Rnd Ь were defined Above.

For the energies ot particles £ + J 6 - € ^ , 5 т с г а

simpler expression can be obtained by expending the functions

Д and в from (14) in « power Taylor series of the Y*ri-
T

able Co6tf't//t end taking into account that JCO5<p</^ = О
о

The sufficient condition of application of this approach is
the fulfilment of inen;*l:.ty f e / u

After simple transformations we find

±
(20)

V-- P./6.
This latdgration of (10) over *f le^ds to substitution

Co*<f « 0 in the express'one A find 6 from (15). The

subsequent intecrntion over P лту be crrried out easily if
i t D*

tnleing into account —-:— 2» —1— 4. JH— . The obti»ned
bas the form»

I

11



In Fig.3e,b,c differential spectre of annihilation for

different electron and positron energies яге shown. Prom these

figures it follows that:

1. for £ + Ф £_ the spectrum reverls two strong mrximr sym-
c + £.

metric with respect to the energy CO = — - corresponding

to the spectrum minimum.

2. for 6 + = £._ the spectrum logarithmicplly tends to Infi-

nity at CO _̂ . (£+ + 6._)/2 » however, this divergency does

not le*d to the divergency of the photon total numbor.

The energies corresponding to the mexim». p.re found from

the condition 4* - (P+ - P.) г
 , i.e.

( г г >

The variation r*nge of CJ at fixed 6+ and 6- is obtnined

from (7n)

+
 +e.•-P

+
 -p.) ̂  CJ ̂  4 - (

e
+

+ ь
-*Р

+

 +
 Р У

 Сгз)

b) The radiation spectrum of positron annihilation

on the rest electrons .
* г .

•»•
 s

 ' •

Consider now the particular'case of- annihilation of the

moving positron (electron)
4
оп the rest electron (positron)..

The spectrum can be obtained^ from ihe expression (18) by

tending p. -*• 0 . Nevertheless, it ip useful to get it di-

rectly from (2). especially в.я ±n thJLs" c«i«("e'the 6alculntions

become considerably easy,to be performed. Indeed, from ki-

nematic' invariants 96- , and 3e
a
 'for the react electron



P. = (О,I- i ) one obtains

Now the cross section (2) multiplied by the positron velocity

(с/(э • V ) should be averaged only over the directions of

annihilating positron, i.e. over the engle •jrz.<iSl+-+'-g-

where 0 Is now the angle between vectors p
4
 r~na К

Finally, for the averaged d.fferentinl spectrum,, rising

(2), (3) and (24) we obtain

+

(25)

where

Rere we have performed the integration over the photons

direction d,Si as well.

Expression (25) , as it should be expected* has two strong

maxima which are symmetrical with respect to CJ * » " •

The maximp are in two extreme points (20) and therefore have

asymmetric profiles.

Finally it should be noted that annihilation of fast posi-

13



trons Oil thd rest electrons h*s been previously considered by

SteckerlrJ, but the spectrum in the obvious analytical form

was not obtnined.

2. Astrophysice.l application»

Mbst of essential cosmic gammp rey production mechanisms

formulated for the first time in the classical paper of Mor-

rison 1-4J in 1958 are generally associated with interactions

of accelerated up to relativistic energies suprathermal prr-

tides (cosmic rays) with ambient gas and low-energy photon

fields (£." К radiation, starlight, etc.)* However in recent

years some authors have pointed out that the intense gammn-

radiation can be produced in the vicinity of compact active

sources such as pulsar magnetospheres L5~7/ i
n
 the accreting

plasma on black holes and neutron stars'- "J , etc.

In the compact active sources positrons can bo copiously

produced due to various nuclear and electromagnetic interac-

tions. The nature of cosmic positron sources now presents

an increasing interest connected with difficulties which take

place in the interpretation of 0.511 MeV gamma-ray line, de-

tected recently in the galactic centre direction L*J, as a

result of cosmic ray bombardment of interstellar gas L'*'
1
4l.

From comparison of photon intensity in the 0.511 MeV line.

with intensities of continuum of low energy gamma-rays L-li

and X-rays " •», additional source of positron* in the Galaxy

is required " ч Possible sources of such positrons are: the

decay of radio-nuclei synthesized at supernova and novae

14



explosions L •», pair production in pulsar rapgnetospheres I?' J,

massive Kerr black holesL°* \ relativistic accreting plasma

(Refe 20,24 ).

In the case of spherical accretion the 5l - production in

the hot proton inelastic interactions neor r blrck hole r>nd

the following ЗГ —*• JU —*• £ decpys g;ve relrtivistic

positrons Ce'1°l.

In the accretion disk around в black hole, when the tempe-

rature of plrsraa can exceed 0.1 nxc (for example in ITGC

4151 [25]), the pair production due to (jf ~ Jf) collisions

becomes a sufficient process lr
2
~
Z4
J . Рог the reasonable condi.-

cions equilibrium positrom concentration may become very h.\gh

arid even exceeding the initial electron density in the secret-

ing plasnm Lr * ̂ J, provided, of course, the positron leakage

from plasmn does not take pl^ce.

Annihilation radiation in such a hot plnsme competes vi.th

two importr.nt radiation processes, namely with thermal bremc-

strahlung (pure or comptonized, depending on optical depth

of plasma) and inverse Compton scnttering(comptonizR.tion)of

the photons of external origin on electrons of plpsma. The

relative contribution of annihilation to the plr.sinp totrl

emission is proportional to the pair density in the plasma.

Therefore, the problem of steady-state (e
+
e~) pair concentra-

tion in the plasma is rather significant L -L In this pnper

we consider the annihilation spectrum alone.

The formation and the spectrum of annihilation line in the

medium with temperature less than ~ 10'K pre studied in de-

tail by Ramitty and co-workers

15



In this work we study the annihilation spectrum of electrons

and positrons with energies more thmi 1 KeV. This restriction

allows us to neglect the Coulomb correction as well as the

annihilation through bound state of positronium preliminarily

formed I?7].

i) Annihilation spectrum of hot Maxwellian

electron-positron plasma

In the Mexwellian plasma electrons and positrons have n

momentum distribution '

Si (P) £ ^ J,- 5 | expl-x/p'cWcVKT), «7)

where S -^ а
еХр[-(ф

г
+*

г
)*]с1Е , П+ raid a. are

°
 T

electron and positron number densities, I is plasma tempe-

rature, cb * . С is the speed of light find rn. i
S

^ KT

the rest mass of electron.

Then the differential spectrum of annihilation photons

produced in the unit volume of plasmn per sec in defined PR

where 5ж*^* > ̂ ц a the cross section averaged over directions
cfu

of positrons and electrons (18). The integration limits in

(28) can be found from (10a).

*) Further on we use m and о in obvious form.

1 6 •'>•



The results of numerical calculations for plasma tenper*-
o о

tures from 0.01 me to 50 me ere presented in Pig. 4. One CP^.

see that the spectrum has a maximum with halfwidth proportional

to the first power of temperature T (~1.25Т) for plp.s»n? tem-

peratures T > 0.5 ис . Рог nonrelativistic temperatures the

halfwidth -w JT . that is in rpreement with the previous

investigations L
Z
'J, performed on the basis of consideration

of the broadening the 0.511 MeV annihilation line alone.

However, it should be emphasised thrt the correct crlculr-

tions based on the cross section of the process reveal aot

only the broadening of 0.511 MeV line but PISO the shift of

its maximum to higher energies:

(29)
me

where ot i s nbout 1 p.nd slightly depends on the tenroemt'ire

T • In the relativist ic limit ot tends to 1.2 and for

nonrelntivistic plftsma oL m 0.75.

Gemma-rny ltne» at 0.5 MeV (0.473 Mevf84 0.476 IseVp0],

0.511 M«V I14J and 0.530 MeV P1J ) were detected in the galactic

centre direction in a number of observations. While the snnrae ••

rpy lines vt 0.47 U«V and 0.511 *̂V hpve got some interpreta-

tions (see, e.g. [??]). the lin« of 0.530 I4eV In «o-newhrt

mysterious «o for. On the other hand, ft* i t follows from опт

results. tl«ie line can be reed My understood supposing the

annihilation takes pine* in th* plasmr with temperature 25 KeV

In Pl«.4 b.c.d the «l»ctron-proton bremsstmhlimp spectm

17



obtained on the basis of Bethe-Heitler cross section (e.g.

see (28. 4.1) in [1]), are presented. Fig.5 shows the radiatioti

cooling rates of electron-positron plasma due to bremsstrphlung

(curve 1) and annihilation (curve 2), *«s well as the rate of

(e
+
e~) annihilation (curve 3). The curves correspond to the

number density of electrons, positrons and protons fi_ = П-t =

~ H_ a 1 cm *

However, to compare the contributions of annihilation and

bremsatrahlung, one should take into account the electron-

electron (e- - e- ) bremsstrahlung. Since the cross sections

of (e
+
 - e") bremsatrahlung (in the relativistic case the

(e
+
 - e

+
) and (e~ - e~) bremsstrahlung, too) and electron-

proton bremsstrahlung are the quantities of the same order

of magnitude L"J, we may roughly estimate the relative contri-

butions of annihilation ana bremsstrahlung of all noted kinds

for the given number densities H
f
 , n_ and n

p
* n.~ n.+

Let Z.
&
 and Z.

A
 be cooling rates of plasma due to brems-

strahlung and annihilation, respectively, and i.
i
 and L

z

be the same parameters corresponding to one pair of interact-

ing particles (curves 1 and 2 in Kg. 5). Then, in relativistic

limit

and hence

• t

18



In the case of low number density of positrons п+ « n.

In the opposite limit П+ » M p ( n.
+
 -2s n._ , that is

pure electron-positron plasma):

On the ground of calculated curves 1 raid 2 in Pig.5 and

the above estimates we obtain that for temperatures к7*£ 3mc

the pure electron-positron plasma ( l%cs Ix. ) cool в mainly due

to annihilation.

ii) Annihilation spectrum of fast positrons on the

ambient electrons

Consider now annihilation of suprathermal positrons (else-

trons) on the rest electrons (positrons) of low-temperature

plasma, which also may frequently occur in astrophysics.

Most of positron sources yield nonthermal particles. A

part of these positrons (about 10% for cool plasma) annihilate

before thermalisation. Thus, the spectrum arising in this

ease is of special interest.

In astrophysics the most wide-spread distributions' of supra

thermal particles can be fitted by power law. We considered

two modifications of such spectra*

т<т
о

19



= 0 TiTc

where "["- (6 " "^ c* ) i s *^e positron kinetic energy. The norma

lizetioh coefficient A is defined so fcs to satisfy the

energetic condition V(/-Ji (T)£,d€- = 1 "cma * W e ftSSurae

also that the electrons ere in rest. The generated radiation

spectrum corresponding to ambient electron number density

1 electron/cm^ is

The results of integration are g'.ven in Pigs.6,7,8.

For the positron distribution (30n) the spectrum of radiat

ed photons has an asymmetric maximum in GJ'^'fm.c range. Un-

like Maxwellian plasma annihilation radiation spectrum, the

spectrum in this casje reveals the sharp cut-off at Q»mc jz.

that follows immediately from the kinematics (26).

The positron distribution of (30b) type leads to somewhat

different shape of the spectrum with two weak maxim* above

and below 1 me . This fact is a direct consequence of the

absence of low energy positrons in distribution (30b). In

Pig.9 the high*energetic tail ( Cj » m c a ) of bremsstrah-

lung and annihilation radiation is plotted. The comparison of

these curves shows that the intensity of bremsstrnhlung be- <-

comes equal to annihilation radiation in CJ ~t00 f 1000 me

range depending oa parameters of spectrum (30b). It should be

noted that the shape of annihilation spectrum at high energies

20



may be approximately obteuned from physical considerations for

an arbitrary positron distribution function -f^ (T) i-s

fp.ct, in the annihilation process of the high energy pos'.tr-v

( £ + » m c a ) on the rest electron one of tee produced pioto я

(lov; energy) foil mainly into the energy rc-rv.on. CJ ̂  0.5-1 •'•-<-'.

Hence the high eier^y t*il of *mrJhi.lrt-o? spectrum crn be

npnroximcted PS

(32)

where £>л / £ ) is the totr.l annihfiction cross section

(see, e.g. 30.4.5 L-i), which can be written for ̂  =
г

as

In the particular cnse of positron рог'ег lew distribution

we get

(34)

Finally we note that if monoenergetic positron p.nd electron

beams are by some way accelerated, then on their, annihilation

two asymmetrical peaks are formed. The energies of these

peaks depend on the energies 6*, £«. and are given by ex-

pression (22). For the case of rest electrons one of the per>ks

is at CO ^ 0.5 me and the other one is at ЬЭ ~ 6
 +
 + 0 i 5 m c

e

Thus the annihilation of the eleqtron-positron pairs can

yield gamma-ray lines of arbitrary energies. Since the relr-

tiviatic electrons and positrons can be produced in pulsrr

magnetospheres l?'
17
J, it is interesting to look for the



"anomalous" gamma-ray lines from objects of this kind. In this

connection it seems valuable to investigate in detail the

spectra of these gamma bursts, which have a spectral feature

within 300-500 keV P*i and nre presumably dissociated with

neutron stars (at least the gamma burst of March 5, 1979 l ? * * ^

Recently* the communications of unusual gamma-ray lines

detections 1?°'* J in two gamma ray transients have been re-

ported. The difficulties of these lines interpretation are

connected with the different kind shifts both red and ultra-

violet from expected nuclear gamma-ray lines (0.511 UeV,

0.85 MeV, 2.2 MeV, 4.4 UeV. 6.1 MeV, etc.). It seems tempting

to relate some of these lines to the annihilation of nonthermel

electron-positron pairs. Of course, this hypothesis needs addi-

tional information, and first of all about the shape of the

lines.

In connection with the possibility of electron-positror

pair acceleration by radiation pressure in accreting disks 1*4

here arises tin interesting situation of annihilation in rela-

tivist ic directed (e*e~) beam with temperature кТ ^ m e
1
. In

this ease one nay expect a rather narrow and shifted ganma-ray

line, depending on the inclination angle of the disk.



APPENDIX

гзг
The integration С (4А~ 4A

2
+6) <АЦ? in cross section (10)

is. convenient to perform by the contour integration method

after substitution of U = -fcg -5- for if . The functions A

and В are written as

CAD

D.

• i

Thus we should consider the poles Ц. - L and и *iJilSL it

integrating the functions (A1) over the contour in the upper

half plane [|m u > 0 of complex variable Ц

(A2)

\



Usinf? the expressions (15) of i(xj pud Ц. , one obtains

Н*) + Н-*)~гр
щ

 (АЗ)

The formulae (16) end (17) for cross section с|б(€*. ,6- Си)<Ла)

pre obteined г-fter substituting the expressions (A?) into (10)

e.nd usinc variable 2. - p

Consider now how the intecretion of

г
 (А4)

in cross section (16) СРП be performed. The integral (A4) c m

be reduced to the series of the simpler components

T "FTT"^
2
' САЗ)J

a*

1- f iii

а*

a*



The functions S
5
 (E) nnd Rg (

x
)
 n r e

 defined from (19л)

and (A3)- respectively. The integrals I, . I
a
 . I

3
 end

I^ are convenient to be expressed through 5;

Ь

(A6)

a' a"

While the -ntegrpls X^X) гпй 1
г
(х] c m be directly

to S
f
 (x) « S

a
( x ) end S^ (x) • for expressions

and I^f>c) through Si (x) it «s aecessrry to prelliai'iT'.l;

integrate them by ports taking into account that rt 2 = (a.
2
, b

the function

R,(x) -»t(x)-ptx

This results in

5

To obtain the final expression for dLffereutlnl cross

section of two-photo'T nnnihilation of electron-positron

25



one should integrate the functions (A6). The absolute accurate

analytical integration is impossible to be performed because

of irrational function

: (A8)

However, it is possible to perform this integration approxi-

mately. Note, that the function (A8) strongly depends, first

of all, on the variations of ( "2) and (2 - Х
г
 ) and in

a less degree on the (£ ~ 2) , when 2. changes in the

limits Q and b (10a).

Therefore, one can hope to get good approximations for Si

if making the substitution of some average quantity Q for

( E - 2 ). The functions S 1 » S £ and S 3 thus trans-

formed are reduced to rational functions by substitution

T = 2 - Хг
+ \/г[г -X

u
+ (Д+ х)

г
 Q * . Then we obtain

(A9)

where S-, (x) » S £ (x) and S3(x) are defined by formulae

(19a). The quantity Q is chosen as the average value of

the limits a* s Z ^ bJ

n г (£-Ь)- (^a) (A10)
0«
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For <V it ia more convenient to make a slightly different

averaging, viz.

After substitution

and integration over t we come to the expression

( A 1 2 )

where the function 5g(i) is given in (19a). To find the

variation limits of •£* we used (Аба).

Thus, using relations (16), (A4), (A7), (A9), (A10) and

(A12) we come to (18), (29) for differential cross section

d<o/c/CO * ** o^ou^d be also noted that the comparison of

the numerical integration of the expression (A7) with the

formulae (A9. A12) shows that the method of approximate in-

tegration employed above ensures the accuracy of ̂  %.

After this paper was completed we learnt about Monte-Carlo

calculations of annihilation spectrum in hot Mcxwellian (e
+
e~)

plasma, performed by A.A.Zdsiarski (private communication).
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FIGURE CAPTIONS

Pig.1 The angles mid momenta of pnrticles participating in

the reaction 2 % e" —- fr + #

Pig.? The kinematic range of variation of p and X

Fi.̂ .3 Differential spectrum of two-photon annihilation, ave-

raged over the directions of electron and positron

with kinetic energies

ft) 1 - кТ
+
 Я 0.01 me , K T - • 0.005 me

2 ?

b)

с)

2 -

1 -

2 -

1 -

2

3 -

кТ
+

кЪ

кТ
+

кт;
к Т.

- 0,

» 2

.1 тс
2

тс ,

» КТ. • 2 я

- 10

ш 10

s 10

тс ,

тс ,

тс .

• кТ. •

к Т. - 1

с
2

кТ. • о.
кТ. = 1

кТ « 2

• 0.01 тс
2

тс
2

р

, 1 тс

тс

тс

Fi£«4 Plesmp radiotion spectrum due to annihiletion (solid

curves) end bremsstrfihlung (dashed curves) for

temperatures

p.) 0.01 me , 0.02 me , 0.05 me , 0,imce

b) 0.2 me2, 0.5 me , 1 me

e) 1 me , 2 me , 5 mcfc

d) 10 me2, 20 me2, 50 me 2

Fig.5 Cooling rates of (e+e") plasma du« to electron-proton

bremastrnhlung (curve 1). ((»%*) annihilntion (curve ?)

end annihilation rate (curve 3).



Pig.6 Production functions of photons due to suprathermal

positron annihilation on rest electron (solid curves)

and bremsstrahlung (dashed curves). Energy distribu-

tion of positrons is (30a) with parameters:

d. ш 3, кТ
в
 «0.5 me (curve 1); 6L • 2, кТ

о
 «0.5 пкг

(curve 2); ol » 1.5 , кТ
0
 • 0.02 me .

Fig»7 Production, functions of photons due to suprathermal

positron annihilation on rest electrons. Energy dis-

tribution of positrons is (30b) with parameters:

КТ, « 0.5 me
2
, o( ш 2.5 ( ) , ol - 3 ( — ) .

Fig.8 The high energetical tail of annihilation (solid curvejs

and bremsstrahlung (dashed curves) spectra. Energy

distribution of positrons is (30a) with parameters

T
o
 «0.5 me , c< «.1.5 (curve 1), o{ • 3 (curve 2)

o( « 3.5 (curve 3), ol » 4 (curve 4).
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