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The quantum-electrodynamical process of electron-positron pairproduction is considered at the collision of fast
heavy nuclei in a region between them, where the magnetic fields of nuclei are added, and their Coulomb fields are
mutually compensated. In that region the magnetic fields of nuclei can achieve a value 0'* Gs, in the case when the size
of region has the order of magnitude of Compton wave-length of electron 10" cm. The process is accompanied by
emitting of final photon. A kinematics and resonance conditions are found in approximation of the strong magnetic field
and low-excited states of electron and positron (ultraquantum approximation). The resonance conditions are realized, if
energy of the final photon is equal to the distance between Landau levels of an electron. Probability of the resonance
electron-positron pairproduction is found in form of Breit-Wigner crossection.

1. Introduction

The quantum-electrodynamic QED processes in the presence of strong magnetic field close to the critical
value of about 10" Gs may accompany fast heavy nuclei collisions. The magnetic field is generated by two
colliding nuclei, which play role of two current. The magnetic field produced by colliding nuclei in the
region between them at the moment of the closest approach has order of magnitude about 10'*Gs in the case,
when that region has the size of Compton wavelength of electron (Fig. 1). The electric fields of nuclei
mutually compensate one another in that region.
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Fig. 1. Magnetic field of colliding
nuclei and e'e” pair in that field.

We consider, that the series of quasi-equidistant narrow
i | peaks in the electron-positron distribution of total energy,
i U+Th | observed more then ten years ago in heavy ions collision at
5.9 Meviu GSI, Darmstadt [1, 2], is a result of movement of an
electron-positron pair in such magnetic field in that region
(Fig. 2). Narrow lines are the resonant pair production on the
Landau levels.

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 [3]. This
process in the field of more complicated configuration
. (magnetic field plus plate wave along field) is studied in
0 5 10 15 paper [4]. Later two-photon electron-positron pairproduction

E o + E o, 1 02 kev in the magnetic field was studied [5]. However, it should be
noted, that similar quantum-electrodynamic processes can 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: #=1, c=1.

=
=
T

=]
=
T

counts / 20 kev

-]
=
T

Fig. 2. Narrow peaks in heavy ions collision
experiments at GSI, Darmstadt [1, 2] are the
resonant pair production on the Landau levels:

E =E +E =2m*+2neH +n* /.
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2. Kinematics of the process

The examined process is described by the Feynman diagrams represented in Fig. 3, where wavy lines
present photons, and the continuous lines correspond to electrons (positrons) with 4 momenta

p=(£,0,0,p), p" =(£7,0,0, p") respectively [6, 7]. The wave function of electron has the form [8, 9]:

W zLe""“"’.\*‘"”‘” v (), é’:\/Zm(x+py/hm2), th/HozeH/mz, (1)

NG

where ¥ () is bispinor, which is expressed through Hermits functions. For the electron and positron the
following laws of dispersion are performed in the magnetic field:

e=m*+p*, € =ym*¥ +(p), W’ =m®+2hm*, m* =m® +20"hm*, )

where [/ ,/ are Landau levels of electron and positron.
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\ 5 e Fig. 3. Feynman diagrams for the process of electron-
k’

%
h U + K / positron pair photoproduction with emitting of a photon.
p+ m\/f\)lw\p-'—
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
as follows:

o=0+e+e, k. =k'+p+p’, k=k'+p,+p . 3)

The analysis of these expressions determines the kinematics of the process [10]. For this purpose it is
convenient to define the function f{p), which for the real processes applies in a zero

f(p)=w-o'— i+ p* —|m* +(p+o'u-0-v) , v=cos6 , u=cosf'. (4)

Dependence of this function f on the longitudinal momentum of electron p is represented on Fig. 4.

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: Jf/Jp =0, f=0.

Fig. 4. Dependence f(p) at the different values of frequency of a
— +
final photon. Forh=0.3,/ =2,/ =1,0=10,v=0.5,u=0.

The thresholds values of energies and momenta of particles are equal thus:

~ ~ £ %
b= =W, p,=f,. b= ——=—— W, pi=f-g. ()
1-p> m+m* 1-p> m+m*
k_k"
where W =w—-w', f=-—= =.
0—-o

The values of energies and momenta of an electron (positron) above threshold have the form
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W ) wa-p 2T wa- g W(- )

(6)

where a=W’>(1-B)+m’ —m*, a* =W>(1-B")—m’ +m*, b> =a’ —4m*W>(1-p).

1504

100 Fig. 5. Dependence b(p) at the different values of
— +
frequency of a final photon. Forh=0.3,1 =2,/ =1,

30y 0=10,v=0.5.

The final photon is radiated with frequency in interval 0 < @' < w— (m+m*), (S =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 in Fig. 5. Crossing of lines with abscises axis in Fig. 5. corresponds to
the limit values of cosines of angles, that have the form

T N T N T R )
(4] w

w

In common case a final photon is radiated under an angle u_ <u<u eu . >—1, u_<1.In the

max ? max

examined process the impulse of the electron also depends on the direction of movement of the photon. Such
dependence is represented in Fig.6.

o [} ? = 6 —\_—_‘
LR 4 o
|
|| . P Fig. 6. Dependence of momentum of electron on the direction of
) Wz 6 movement of the photon at the different values of frequency of final
— +
\\ "\ w{-E{ M.  photon. Forh=03,/ =2,/ =1,0=10,v=0.5.
-1 \‘E \\1:11\-.‘1 1
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3. Probability of the process

We examine a case of strong field, when the individual energy levels are experimentally distinguishable.
Thus the number of final states of electron is equal to one. This approximation is called ultra-quantum
approximation. However, the magnetic field that is 10'* Gs in units critical field is a good small parameter of
the problem. Due to the presence of the small parameter all calculations can be made analytically and it is
possible to receive in Furry picture the simple expressions for probabilities of the process.

The amplitude of the process is defined by standard rules of Furry picture of QED according to Feynman
diagrams Fig. 3.

S, =-¢ j dx,d’r; - dx,d’r, x ?(xl)[fl (x, )%GH (2)A(x,) + ﬁ(xl)%GH (f)ﬁ'(xz)} Pr(x,).

This expression in ultraquantum approximation near the resonance condition can be transform to the
following form
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Here /7" =cos@'cosa'+isina'e ™ is a value that characterizes a polarization of the final photon by

using parameter a’, b’; @ is a phase of the amplitude; I'g, I'f are the width’s of resonance’s, witch are
determined as the total probability of decay of intermediate state, namely the probability of
magnetobremsstrahlung.

The resonance conditions are realized, if energy of the final photon is equal to the distance between
Landau levels of an electron @'=w, =(n—1")hm .

The square of modules of the amplitude (8) gives the probability

3
S, =M 0 WM P e S ©)
' T
where §° are three Dirac delta functions (3). The number of final states is
Sd*p-Sd*p* -Vd’k'
AN =20 P24 P . (10)

(27)

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 L =2|x,|=2|p, |/ hm*. It is possible to

present the differential probability of process in time unit through amplitude M in a next form [8, 9]

dp-d’k'

if 2 2
——=hhm~ |M| (¢ .
|M [ o( )2(27[)10

(11

After integration over energy of particles the probability from amplitude of the first diagram Fig. 3 has
the form of Breit - Wigner crossection

W -dW . ldu
dW _ 1 — pr.e - /ad;’ - , (12)
dw'dQ' Qr) (o'-) +n’l?/4)

where W,... is a probability of pairproduction by the initial photon of final positron and intermediate
electron; dW,.q./du is a probability of the cyclotron radiation of the intermediate electron with transition into
the final state. For the pairproduction into ground state by nonpolarized initial photon in magnetic field 4 =
=0.1 or H=10"Gs

—ahm exp(—2/h)/ p~10"°[1/c], W.,, =nac hm* =n I" ~10"[1/c] (13)

Then total probability of pairproduction with additional final photon is equal

zf‘ Ta VW@)dmmg:W (14)
y o \do'di  do'du "

This probability at resonance conditions is equal to the probability of photon pairproduction without
emitting of a photon.
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PE3OHAHCHOE POXJIEHUE JJIEKTPOH-TIO3UTPOHHOM IAPBI
C N3JYYEHUEM ®OTOHA B CHJIBHOM MAI'HUTHOM HOJIE

I1. 1. ®omun, P. U. XoaoxoB

PaccMOTpeH KBaHTOBO-3JIEKTPOJMHAMHUYECKUN MPOLIECC POXKACHUS 3JIEKTPOH-TIO3UTPOHHOM Mapbl MPH CTOJIKHO-
BEHMU OBICTPBIX TSKENBIX siiep B 00JIACTH MEX/ly HUMH, 1€ MAarHUTHBIE IOJIS SIAEP CKIIA/IBIBAIOTCS, @ UX KYJIOHOBCKHE
TMOJIs B3AMMHO KOMIIGHCHPYIOTCA. B 9TO# 0GNACTH MarHMTHBIE NOJIS sAEp MOIYT gocTrath Bemmunabl 10 T'c B
Cllydae, KOrja pasMep 00JacTH MMEET TOpSIOK BEIMUHHbI KOMIITOHOBCKOH JUTHHBI BONHBI 371ekTpona 107 cm.
[Tpouiecc compoBOXIaeTCsl MCIYCKaHWEM KOHEeuHOoro (ortoHa. HaiineHel KMHEMaTHKa M PE30HAHCHBIE YCIOBUS B
NpUOIMKEHUH CHJIBHOTO MAarHUTHOTO TOJs M Cla00BO30Y)KAEHHBIX COCTOSHHMH 3JIEKTPOHA W ITO3MTPOHA
(ynbTpakBaHTOBOE NpHOIMIKEHNE). Pe30HaHCHBIE YCIIOBHS peau3yIOTCs, €CIIM YHEPrHs KOHEUHOTo (JOTOHA PaBHSETCS
PACCTOSHMIO MLy YpoBHAMH Jlanaay s1ekTpoHa. IToydeHna BEpOSTHOCTh PE30HAHCHOTO POKICHHUS € € -Iaphl B BUJIE
ceuenus bpeiita - Burnepa.

PE3OHAHCHE HAPO/)KEHHSI EJIEKTPOH-IIO3UTPOHHOI ITAPU
3 BUITPOMIHIOBAHHAM ®OTOHA B CHWJIBHOMY MATHITHOMY HOJII

II. 1. ®omin, P.I. Xosonos

Po3risiHyTO KBaHTOBO-EIEKTPOJUHAMIUYHMN TIPOLIEC HAPOPKEHHS €JIEKTPOH-NIO3UTPOHHOI Mapu INpH 3iTKHEHHI
MIBUAKHX BaXKHX siep B 00JacTi MK HHMH, JIe MarHiTHI MOJsl siAep AOAAIOThCs, a IX KYJIOHIBCBHKI ITOJISI B3a€EMHO
KOMIIEHCYIOThCS. Y Iiiif 06nacTi MaruiTHi momst sgep MOKyTh nocaraté Benumuuan 102 T'c y BUmajky, sKIIO po3mip
o6acTi Mae TOPSNOK BETMYMHH KOMIITOHIBChKOI NOBKHHM XBHI enextpona 107! cm. Ilpomec cynmpoBomkyeThes
BUIIPOMIHIOBaHHSIM KiHIEeBOro ¢(oroHa. 3HaiileHO KiHEMaTHKy W pE30HAHCHI YMOBHM B HaONIKEHHI CHIIBHOTO
MAarHITHOTO TIOJIS Ta ci1abo 30yKEeHUX CTaHiB €IEKTpOHa i mo3uTpoHa (YIbTpaKkBaHTOBE HaOMIKeHH:). PezoHaHCHI
YMOBH pealti3yIoThCs, SKIIO SHepris KiHmeBoro (oToHa NOpiBHIOE BifcTaHi Mix piBHAMI JlaHmay enexTpona. 3100yTo
BUpA3 Ul IMOBIPHOCTI pPe30HAHCHOTO HAPOKEHHS € € -Ilapy y BUIJIsiL nepepisy Bbpeiita - Birnepa.
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