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I. ln the source theory/ 1/ it is shown that the total photon 
prop::tgator can be represented in the Kallen-Lehmann form: 

~ 2 n ( -k ) a D0 ( -k ) + 
~ ... 

dM 
2 

---- 2 k 2 2--- p (M ) 
~-M -iO ' 

r 
0 

( l ) 

k~) ~ -- -Do(· k 2 __ i0 
2 pUll J -, o. 

Here our aim is to obtain an equation that connects D(-k~) with 
the polarizable operator. 

We shall consider the detection photon source J~(~ locali
zed in the remout future with respect to the prod~ction source 
.T1~ (x). The first term in ( 1) describes the real ( k

2 
.. 0) photon 

exchange. How~ver, the source J~ can emit also the virtual (k~~O) 
photon. Its f1eld 

/{~{x)- [ dx'D~(x-x')J 1~(x') 

1s localised in the source vicinity. Indeed, if one eliminates 

the value k 2 ~o in propagator, that means the change-.1-- .p_!__2 k ~-iO k 

( p is the symbol of the Cauchy principal value for integrals, 
the propagators obtained in this way are marked by P ), it is 
easy to make oneself sure in the exponential damping of the 
field with moving away from the femction .JI~(x) carrier. Then 
the virtual photon (-k 2 w M2 ) cannot reach the remote detector 
J~1 (x). But in an immediate vicinity of the source the photon 
can turn into a system of real particles (that is described by 
the polarizable operator) capable of propagating to the detec
tor, near which the reverce transformation into the virtual pho
ton and the absorption of the latter are possible. It is just 
the mechanism (it can be infinitely iterated also between the 
sources) that corresponds to the spectral integral in (I) (see 111

). 
All these decays-recombinations can be surmned in the follovl

ing \~ay. Let us consider the last transformation of the photon 
to the system of real particles before detector J 1.Then the cor
responding term in the vacuum arnplitude/.l/ has the form 
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v1here ~ ,., ___ --, -k -M ,·A 1 corresponds to the "bare" v~r-
(2rr)3 2ko 

tual photon, A2 - to the "dressed" virtual photon, and I(M2
) 

describes the system of real particles (see below (5)). So 

ll p 2 ll 
A 1 (-k) .. D0 (-k ) J 1 (-k), 

ll p 21! 
!\ 

2 
(k) .. D ( -k ) J 2 (k). 

The use of propagators D~ and DP instead of Do and D is of 

great importance, because only in this way the causal sequence 

can be controlled. Besides, as we have already seen, virtual 

particles must be described just by these propagators 111 

The expression (2) is reduced to 

i I dx dx' Jll (x) x 
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)[ i I dwk exp [ ik(x-x' m J 21.1 (x' ), 

that corresponds to the virtual-photon contribution in the total 

propagator: 
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The equation sought follows immediately: 
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It should be noted th~t this expression has the form of (1). 

2. It is interesting to compare equation (3) with the ordi

nary quantum-field theory correlation 

D(-k2
) .. D0 (-k 2 ) + D0 (-k2)P(-k2

) D(-k2
), 

with the polarizable operator 

2 

(4) 
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Expression (4) in the finite=loop approximation leads to the 

well-known pole of D(-k2) at the space-like -k2.<0. It is obvious 

that expression (4) cannot be reduced to the form of (3) and in 

the source theory can be obtained only with the explicit viola

tion of the causality principle, as it has been made in 121 
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3. When comparing (3) and (I) it is easy to ·obtain an equa

tion for the spectral function. p(0: 

"" dt' 
p(t).D
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The ~nvest~gat~on s ows t at t ere ex~sts t e on y so ut~on 

for this equation: 
1 

p(t) .. I(t) I(t) Z P(t) 
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where 

V2(t)- 1 + [ rrt -
1I(t)] 

2
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and p(t) ~ 0 as t ~ 0. 
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Z(t) .. exp r (t), 
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It is interesting that D(t) .. Do (t) Z(t). 
In one-loop approximation of spinor electrodynamics (which 

~s typical of finite-loop ones here) 

I(t) • ...!!;__ t(l+ 2m\1- 4m
2
) '12 

3 1T t t 
as t ~4m 2, 

I (t) .. 0 as t .< 4m: a -1/137, m is the electron mass. On investi

gating asymptotics \t\->oo, we obtain p (t)sO(Cl+K ).where K = 

= rr-1 arctg(a/3) .. 10-4 , what leads to D(t) =O(t -l+K ) and to the 

diver,ence of the "invariant charge" with t-+-oo, as it is requi

red/4 in the source theory. In the same approximation one can 

make sure that Cauchy-Riemann conditions,are fulfilled and p 

is an analytic function of the coupling constant a in the vi

cinity ofa .. O. 

4. The problem of construction the approximate expressions 

for D(t) in form (I) has been solved in papers15 • 61 with the 

help of the summation rule in the spectral integrand. The fi

nite value of "bare" charge (i.e., the absence of zero-charge 

asymptotics) and the non-analyticity of p(a) near a=O were ob

served. It is seen that the method investigated in the present 

paper is quite different from the mentioned one. It does not 

require additional ·hypotheses and utilizes only the basic prin

ciples of the theory. 
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BbuJJeHcicmi C. B. E2-82-6EI 

MeTOA CYMMHpOBaHHR gHarpaMM B TeOpHH HCTO~HHKOB illBHHrepa 

Hatip;eHa rrpx<IHHa ITOHBJleHHR HetPH3H~eCKHX CHHrynRpHOCTBH 

B ITOJlHb!X rrporraraTopaX KBaHTOBOli 3JleKTpOAHIIaMHKH, PaSBHT rro

cnep;OBaTeJlbHb!H MeTOA rrony<IeHHR ypaBHeHHH AJIR ITOJ1Hb!X tPYHKIJ;Hl) 

fpHHa, TO~Hb!e H rrpH6JlHJKeHHbJe pemeHHH KOTOpb!X CB060,LJ;Hbl OT He

tPHSH<IeCKHX CHHrynHpHOCTeH H aHaJIHTH~Hbl B Hyne ITO KOHCTaHTe 

CBRSH. PaCCMOTpeH tPOTOHHbiH rrponaraTop B Op;HOIIeTneBOM IIpH6J1H

liCeHHH ,ll;JlR IIOJlHpHSaiJ;HOHHOrO orrepaTopa, 

P a6oTa BbliiOJ1HeHa B ITa6opa TOPHH TeopeTH~IeCKOH tPHSHKH 0lliU1. 

npenpHHT 06beAHHeHHOro HHCTHTYTa fiAePHbiX MCCJ1eAOBaHHi1. Ay6Ha 1982 
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Diagram Summation Method in Schwinger Source Theory 

The origin of non-physical singularit:ies in total quantum 

electrod~1amics propagators is discovered. A consistent method 

of obtaining equations for the total Green functions is deve

loped. Exact and approximate solutions of these equations are 

free of non-physical singularities and analytic in coupling 

constant at zero. The photon propagator in one-loop approxi

mation for the polarizable operator is considered. 

The investigation has been performed at the Laboratory 

of Theoretical Physics, JINR. 
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