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Abstract 

The form of the Regge trajectory in the lov.•est order in e 
2 

for the relativistic charge particle interaction is 

obtained on the basis of the analysis of the infrared singularities in quantum electrodynamics. In the non-relativistic 

limit this trajectory corresponds to the bound states of the Coulomb potential. 

n.n. ConOBbeB, O.A. XpycTanea 

·V!Hci:>paK pacH b Je oco6e HHOCTH H TpaeKTOpHH Pe.ame a aneKTPOllRHSM HKe .. 

V!3 8H8nH38 HHcPp8Kp 8C H blX OC06e HHOCT el! B KB8HTOBOI! 3ne KT pOUHH8MHKe n ony'leH B 

HHawe:-.~ nopR.aKe no e 
2 

BKll TpaeKT OpKn P enme nnSJ B3SHMO.aellcTBHSJ pens:JTHBRCTCKHX 

38ps:J>KeHHhlX 'l8CTHU. B HepenSJTHBHCTCKOM npenene 3 T8 Tpae KTOpHSJ COOTBeTCTByeT C B s:J38H

HhlM COCTOSIHHSIM KynoHOBCKOrO noTeHUHana . 
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/ 1/ 
In the present note we consider the form of a Rogge trajectory for electron-positron interaction which was obtained In ftem 

dispersion relation for photon-electron scattering. The generalization of this trajectory to the case of particles with unequal mas-

ses is also traeted. 

If the matrix element of photon-electron scattering, calculated with introduction of the photon 'mass' \ >. into the photm 

Green function, is represented in the form• 

M >. =eKp[ F(t)l M (1) 

where 

( elk 
-p::-; 

(- 2p' -..L- 2p- k 
2p'k - k 2 2pk - k 2 

(2) 

then, as shown i/11, for M we can write the following representation ( m Is the electron mass) 

_A_.::.,~> .,.. exp [J3(t)!11 m
2
- b +y(t)]+ lA 

b - m 2 -~ • 
(3) 

where A ,/( b - m 2 ) ( b • s,u) are Born terms corresponding to the two diagrams of the second order in which the additi-

onal magnetic moment of electron is taken into account, and f3 and Y are the series in a . In the lowest order we 

have 
OQ t ' 2m 2 cit' 

{3 (t )=(alrr) t ( - ---- ---
4m2Jt'(t'-4m2) t'(t'- t -h) 

) 

(4) 

the quantity tA • ( more exacly tho invariant coefficients of its spinor terms) is an analytic function of s , u t ' 

at least in the lowest (fourth) order perturbation theory, satisfying a Mandelstam representation with the cuts as singularities. 

We see that the first term In (3) for large ' is a Regge term/ 2/ where the power of s is 

a(t) =- l + {3 (t) , (S) 

It Is reasonable to assume that the aecond term In (3) M,. can give only higher order corrections to this expression. 

The behaviour of the quantity ( 5) ( the Regge trajectory ) is represented in the figure. 

The Regge equation 

a(t) = e. e = o, 1,2, ..... (6) 

determines the bound states in the -channel, i.e. the bound states of electron-positron system. It has solutions only at 
2 

O<t<4m 

* 

; in this case 

a(t)= -1+ (a/rr) [ 1 + 2t- 4m
2 

,./f(4m
2
-t) 

,-- -,-orctg \· __ 
2
_ _ _ 1. 

4m- t (7) 

S , U • t denot• the .Mandel•t•m v•rl•bl•• lor the dlu, e t, e ro•ced and third c hannel• of the reactlo, reape c tlv-ely; 

th• fin• 61ructure conatiJtlt; th• eyetem of unit• 1i ~ c =- 1, the vector produe f ab =a00° -0 b-.. 
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In the non-relativistic approximation ( m .... ) . this expression turns into 

a ((2m+ E J) •-l+ay_!!! 
-4f 

what corresponds to the Coulomb levels of electron-positron system with the radial quantum number equal to 0 

(8) 

The obtained formulas can be generalized to the case of particles with unequal masses by means of the dimensionality cons!-

derations. 

We consider a particle with charge ze, mass "' and momenta p and p' at the begglnlng and at the aend of the 

reaction, coUidlng with a particle with these parameters to be equal to Z • • M , P and p • respectively. To find, fol-

lowing Regge, the bound states of these particles we have to find the asymptotic behaviour of the matrix element M >. of the 

scattering of these particles at t .. .. . From the dimeosiooallty considerations it must contain a term of the form 

J t:(s) 
-<-' ) . 

f >. (9) 

Therefore to find f3( s) it is sufficient to consider the infrared singularities of M). which are given by the formula (1), where 

instead of F we need to take the expresslon/3/ 

- 2z Z ( F (( p+ P )
2

) - F ( ( p• -P) 2) ) + :r: 2F( (p -p•) 
2

) + Z 
2 

F (( P -P' ) 2). (10) 

The power f3 Is the coefficient of fn 1/.\ In this expression at t ..... 

2 2 M 
f3•- :r:Z( alrr)(~(•) +l)+(al2.r#(( :r: + Z ) (fn~ + 1 )+2Z( :r:+Z)fn - 1 (11) 

t m 

2 00 

~(s) .. (s - m 2-M ) ( cls' 
(M+m)2 v'k(s') (s'-s- h) 

2 2 
A: ( s) = [ s - ( m - M ) )[ s - ( m + M ) 1 

We see that it gives the asymptotic behaviour of the form (9) provided the particles have opposite charges 

ln this case ( for :r: ~ t 1 ) the Regge power is 

a (s) =- l + /3 (s) 

13 (s) =(af77)[ ~(s} +l) , 

2 2 
At ( m -M ) < s < ( m + M) It is equal to 

a(s) =- 1-l( a/~[1 + 2 s - m2 -M
2 

ardg 
v'- k (s) 

2 
s - (m -M) ] . 
v'- k (s) 

(12) 

(13) 

:r: =- Z 

(14) 

(15) 

(16) 

If one of the particles is at rest ( M .... ) , the energy of the other particle is f and p-1.. m2 - E
2 

, then for 
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!>ftSi· 

· the 

, fol· 

the 

1, where 

then for 

IE I < m this formula gives 

For small p this expression tumes into the Sommerfeld formula up to the terms of the order ' ( _ I!_F) 
m+c 

(17) 

The method considered here allows one to obtain the main Regge trajectory up to a what enables one to describe the 

Coulomb lqteraction. This conclusion coincides with the conclusion of papers/ 4/ that Regge trajectories can be obtained In 

quantum field theory in lowest orders in coupling constant. The description of more Cine tffects requires more elaborate methods as 

it has been analysed 1/51. 

The authors are grateful to N.N .Bogolubov, A.A.Logunov and A.N .Tavkhelldse for discussions of the problems broached here. 
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