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The process of the photoproduction of the electron-positron pair with photon emission in strong magnetic field is
studied. A kinematics of the process is investigated and threshold values of energies and momenta of particles are found.
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1. INTRODUCTION

Study of the quantum-electrodynamic (QED)
processes in the presence of strong magnetic field close
to the critical value of about 10" Gs is important for
exploration of astronomical objects such as pulsars.
These sources of radiation, it is well known, are
connected to neutron stars, where near to stars’ surface,
the magnetic field has value of such an order. The first
theoretical works for study of the process of electron-
positron pair photoproduction in magnetic field were
performed in the middle of the last century yet [1]. This
process in the field of more complicated configuration
(magnetic field plus plate wave along field) is studied in
paper [2]. Later two-photon electron-positron pair
production in the magnetic field was studied [3].
However, it should be noted that similar quantum-
electrodynamic processes could be accompanied by
emitting of additional photon. This work is devoted to
the study of such a process. In this work we use the
relativism system of units: 0= 1, ¢= 1.

2. KINEMATICS OF THE PROCESS

The examined process is described by the Feynman
diagrams represented on Fig. 1, where wavy lines are
photons and the continuous lines correspond to electrons

with 4 P00 (00

p: (:00,p),p = (" 00,p ) respectively. The wave function of
electron has the form [4,5]:
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where ¥ ~ ({) is a bispinor, which is expressed through

Hermits functions. For the electron and positron the
following laws of dispersion are performed in the
magnetic field:
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The function (1) has the form of a flat wave in
relation to three variables namely ¢, y, z, therefore
amplitude of the process contains three Dirac delta
functions, which correspond to the laws of conservation
of following form:
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The analysis of these expressions determines the
kinematics of the process. For this purpose it is

convenient to define the function f{p), which for the real
processes applies in a zero:
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Fig. 1. Feynman diagrams for the process of electron-
positron pair photoproduction with emitting of a photon

Dependence of this function f on the longitudinal
momentum of electron p is represented on Fig. 2.

As follows from a picture, the process of electron-
positron pair production by a photon can take place only
at energies of a photon higher than some threshold
value. This value depends on frequency of a final

photon and is defined by following expression:
0 f/d p=0, f=0,
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Fig. 2. Dependence f(p) at the different values of

— +
frequency of a final photon for h=0.3, | =2, | =
IL,w=10,v=0.5 u=0

The thresholds values of energies and momenta of
particles are equal thus:
m m
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The values of energies and momenta of an electron
(positron) above threshold have the form:
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Puc. 3. Dependence b(p) at the different values of

frequency of a final photon for h = 0.3, |
I,w=10,v=20.5
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The final photon is radiated with frequency in
interval 0<w 'Sw-(@m+m*), (f = 0), besides
the angle of radiation of a photon is limited by an
interval which is defined by following condition p,=p:
or b(u)=0. The dependence of b(u) is presented on
Fig. 3. Crossing of lines with abscises axis on Fig. 3

44

corresponds to the limit values of cosines of angles, that
have the form:

U N R 2
Uin = 5T SN ()T

_Wv 1 , 2 N 2
Umax ~ 0 +K We - (m+ m*)~ . (7

In common case a final photon is radiated under an
angle Umin S US Upay, € Uyin > ~ 1, Uy < 1. In
the examined process the impulse of the electron also
depends on the direction of movement of the photon.

Such dependence is represented on Fig. 4.
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Fig. 4. Dependence of momentum of electron on the
direction of movement of the photon at the different

values of frequency of final photon for h = 0.3, I = 2,
+
I =1, w=10,v=05

3. PROBABILITY OF THE PROCESS

The wave functions of the electron and the photon
have normalized constants Lx, Ly, Lz:
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These values come into amplitude and probability of
unity state too:
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where &€ are three Dirac delta functions (3).
The number of final states is
Sd? p0sd® p* wd k'
aN = L P2 P . (10)
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Product of the probability (9) and the number of final
states (10) gives differential probability.

It should be noted that the physical values don't must
have any nonphysical constants such as Lx, Ly, Lz. It
has place for differential probability if it takes into
account, that

Ly = 2lxol= 2|p, |/ b (In
Differential probability of process in time unit it is

possible to present through amplitude M in a next form

[6,7]:
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Then total probability is equal to
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This probability at resonance conditions can exceed the
probability of photon pair production without emitting
of a photon.
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KAHEMATHUKA ®OTOPOXJIEHUA DJIEKTPOH-IIO3UTPOHHOM MMAPHI C UICITYCKAHUEM
®OTOHA B CUWJIBHOM MATHUMTHOM I10JIE

II.LU. ®omun, P.U. Xonooos

PaccmarpuBaercst mpoiece (HOTOPOKACHHUS IEKTPOH-ITO3UTPOHHOMN Maphl ¢ MCIYCKaHHEM ()OTOHA B CHIIBHOM
MarHuTHOM mone. VccrmenoBana KWHEMAaTHKa IIpoIiecca M HAMICHBI IMOPOTOBBIC 3HAYCHUS SHEPTHHA M WMITYJIbCOB

YaCTHII.

KIHEMATHKA ®OTOHAPO/[)KEHHS EJIEKTPOH-IIO3UTPOHHOI ITAPH 3
BUITPOMIHIOBAHHAM ®OTOHA B CWJIBHOMY MAT'HITHOMY IIOJII

II.1. @®omin, P.1I. Xonooos

PosrisimaeTbess mpouec (OTOHAPOKEHHS €JIEKTPOH-TIO3UTPOHHOI IMapu 3 BHUIIPOMIHIOBAaHHSAM (OTOHA B
CHJIbHOMY MarHiTHoMy moji. JlociipkeHO KiHEeMaTHKy Mpolecy 1 3HalJIeHO IOpOroBi 3HAYEHHs EHeprii Ta

IMITyJIbCIB 4aCTOK.
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