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1. INTRODUCTION

In the conventional Dyson-Feynman approach in
quantum electrodynamics all quantities are calculated
within the perturbation theory with using the zero order
photon and electron propagators (see, e.g., the famous
monographs [1-5]). Fundamental difficulty of the ap-
proach is a divergence of integrals representing radia-
tive corrections to the electron mass, electron charge or
power of interaction between electrons and photons. A
renormalization procedure allows us to eliminate the
divergences with the help of any form of subtracting the
infinitely large terms in the perturbation theory. Some
of the known physicists (including Feynman [6], Lan-
dau and Lifshitz, Gell-Mann [5]) estimated this proce-
dure as incorrect.

There is a number of attempts to solve the problem
with divergences in the framework of conventional the-
ory. In the last few years some works was published
where the authors find the possibility to avoid the diver-
gence problem as in QED as well as in the other field
theories with the help of "clothing" procedure firstly
proposed in [7] (see, e.g., [8-12] and references therein).
In this connection one should note, that the "clothing" is
fulfilled within the conventional perturbation theory. On
the other hand, it is interesting to know, whether this
difficulty is the property only of the perturbation theory
or of the quantum electrodynamics itself? To answer
this question one should construct any other form of the
perturbation theory, quantitatively different from the
Dyson-Feynman approach.

We would like to show that the appropriate form of
the theory where the infrared as well ultraviolet diver-
gences turn out to be absent indeed can be constructed.
The main idea consists in accounting for the proper part
of interaction on the first stage of calculations. The gen-
eral scheme of the theory was described in [13]. The
relativistic units (%=1, c=1) are used throughout the pa-
per. The normalization volume is set equal to unity. We
use the common notations of the four-dimensional rela-
tivistic field theory. The Greek indices run over 0,1,2,3;
the Latin one over 1,2,3; 8ap is the metric of the

pseudo-Euclidean with the signature

(1,-1,-1,-1).

space-time

2. BASIC DEFINITIONS

Consider electron as quantum of the spinor field
with the wave operator in usual form
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where p is the momentum of the electron, 4 =+1/2

denotes the projection of the electron spin on the spe-
cific axe of quantization (below we choose it as z-axis).
Bispinors in Eq. (1) are defined, e.g., in [5],
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Here n,, is the unit vector along the p -direction, & is

the vector of Pauli matrices, &, = P’ = (p2 -i-mQ)l/2 is
the energy of the electron with the momentum p. The
unit spinors wj,w'; describe the states with the spin
projections equal to A. In Eq. (1) a sp 1s the electron
annihilation operator in the state with the defined po-
larization, momentum and the energy ¢,, c?j{p is the
positron creation operator for the same state. All the op-
erators a lp’a’\;p!‘} Ap,ézp obey the standard Fermi
commutation relations. In the current density operator,
JH =egyty, 2
where the semicolons mean the normal ordering, e is the
electron charge, l/% =y 7/0 is the usual Dirac conjugate

operator. In the following we need the Fourier represen-
tation of the current density operator. Note, as a rule,
this operator does not conserve the spin of the particle.
Now we need to construct the “approximate" current
operators which have to commute if related to different
times. For the one-electron problem the appropriate ex-
pression may be written in the form

Jhoy =14 (@054 (0). 3)
The 4-vector f#(q,t) is defined below and
/3q = z &;,k&/l,k+q
Ak
is the Fourier component of the time-independent elec-

tron density operator. Note, the operators defined by Eq.
(3) include only diagonal terms in polarization indices
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and if even refer to different times, obey the commuta-
tive relation

[f:ﬁm (®: Jq0) @] =o. 4)
We consider j“(o) (¢) as the zero order approxima-

tion to ] “(t). To define vector f*(q,t) we impose a

physical condition: the mean values of current operators
defined by Eqgs. (3) and (2) are the same, namely,

17e@1e)=r#@olei pg 1) .- 5)

This choice of f*#(q,t) ensures the rapid conver-

gence of series in modified perturbation theory. Obvi-
ously, Eq.(5) may be solved only approximately be-
cause the exact vector of state is unknown.

3. SOLUTION TO THE GROUND STATE
PROBLEM

Denote the deviation of the current from its "zero"
value as

Ajﬁu(t) = ]{lu(t) _j:(o)(t)
and represent the electromagnetic interaction as a sum

of two parts, H.,(t)=H9 (t)+ AV (1), where
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The 4-vector-potential operator of electromagnetic field
is defined by the ordinary way as

. . ~
I EDIWH {baqe(’;qe Y tbggetqe ™ } . (8)
aq

Here b,, and b,, are the creation and annihilation op-

erators of photons in states with polarization
a (x=0,123), momentum q and energy w=gq.

The coupling function g, =+/27/ @ is defined, e.g., in
[5]- By definition the different unit vectors of polariza-

tion ef, are orthogonal to each other and obey the nor-

malization conditions (see, e.g., [2])
=8ap > Zeéth
a

The conditions of the relativistic invariance (see,
g., [1,2,3]) are satisfied when the photon operators
obey the commutation relations

lbaqstqJ = gaﬂ A(q q')
[aq’b/i’q] [baq’bﬁ’q]

Here A(q—q') equal to unity only if q =q' and equal

uv
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to zero in the opposite case. It is well known that the
non-usual commutation relations for the scalar photons
lead to the indefinite metric in the photon state space.
There are also some peculiarities in the definition of
physical quantities calculated below.

By virtue of (4), the equation

|t) HO () [1) ©9)

nt

has the exact solution expressed as the direct product of
extended coherent states [13], namely

100 = [TXDE 12 aq ()~ by Oy () + by Oug (1)]10) (10)
a.,q

Here
0w =P0ug (3 o) =Py PaZag®  (11)
and
Qg () = zgqjdr el (@)™, (12)
Fea ) = [ 100 ()0 () (13)
0

Within our approach the initial vector of state |0) is
the direct product of the electromagnetic field vacuum
state [vac) and the vector |¢@,), describing the initial

state of a particle, |0)= ,)®|vac) = @,,vac). As-

sume the vector |¢,) is a free wave packet which wid-
ens in course of time. We must take into account that at
t>0 in our interacting system each part of it is not inde-
pendent and cannot be described exactly. E.g., there is
no wave function for the electron but the simplest way
to get explicit information about it consists in the calcu-
lation of its density matrix.

4. THE NEW PERTURBATION THEORY
)

If we neglect the corrections producing by Hmt,

then Eq. (10) completely solves the problem of calcula-
tion of the physical quantities of interest. The quantity

| Ouq (1) | has the direct physical meaning of the mean

number of photons with polarization o and the momen-
tum q created by the particle to the given time ¢.

Therefore,
AK(D) = 2q| Qg ) (14)
aq
is the mean momentum loss and
(15)

AE() =Y. 0] Qpg ()
a.q

is the mean energy loss of the particle. Sometimes (e.g.,
for particle at rest) the energy and momentum losses
equal to zero.

In the considered approximation we can calculate
also many other physical quantities (e.g., the Green
function) for the particle with taking into account the
back influence of electromagnetic quanta on particle's
state. To account for the corrections due to interaction

operator H )2 modified perturbation theory should be

constructed. With this aim we introduce a "zero" order
evolution operator

Uy(t) = exp{z O (b~ O Dby — 7 g @} . (16)
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The vector of state defined by Eq. (10) can be
rewritten as |?7), = U 0@ 0). Introduce the new
representation of operators as follows

A = Ug (AT, (1) - (17)
The vector of state | >= Ua' (1)]t) in this representa-
tion obeys the equation

(18)

The solution to this equation may be found in a rigorous
way via T-exponent.

nt

. d (1)
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5. APPLICATION TO ONE-PARTICLE
PROBLEM

An approximate solution of Eq. (5) can be found
with the help of a self-consistent procedure, when we
use as a state |t) an approximate expression which func-
tionally depends on f*(q,¢). In the first approxima-

tion we suppose |f)=|t),. Generally speaking, the

quantity f“(q,¢) must be chosen in a strong connection
to the particular problem. We consider now only the
evolution of one-particle initial state on the background
of photon vacuum. We begin with evaluation of the left-
hand side of Eq.(5).

Assume ¢, is a Gauss wave packet

/4 2 2,
o) =872 T e Gt vae),  (19)
Kk

where A' is a some initial polarization of the electron.
Let us represent Eq.(5) in a more convenient form. Us-
ing the well-known Baker-Hausdorff formula and ap-
plying the formalism of extended coherent states [13],
we can reduce Eq. (5) to the form

(g0 = ezﬁi',p—q/27ﬂui',p+q/2

P
, d®s 2 852
xexplit(&y_q/2 — & N|——=<*° (20)
pP—q/2 p+q/2 '[(272')3
x exp{is(ko —p)= Y| Quq I (1- e‘l‘*'S)} .
a',q'

Because Q,, depends on f # . Eq. (20) is actually an

integral equation for f*(q,?). Let us assume the initial
width of the particle's wave packet is large compared to
the Compton wavelength, i.e., o >>1/mc. Under this
condition the main contribution to the sum in the right-
hand side of Eq. (20) comes from the small neighbor-
hood of the point p =k, . Assuming that in this region

the quantity |p—k, | is small enough and comparable
with | Ak |, we can expand the integrand in exponent in

the right-hand side of Eq. (20) with account for the
terms of only the first and second order with respect to
(p—kg). In the non-relativistic case the stationary

point of exponent in Egq.(20) is found to be

p=k,—-Ak(?).

176

Accepting this result, in the first approximation we
can calculate the sum involved in (20) in the stationary
phase approximation and get

fﬂ (q,0)~ e‘ai',po—q/Zyﬂul',p0+q/2 L e , (2D
where
Po =ko—Ak(ky,0), & =(m*+(py+q/2)")"?,

Ak(k,,?) is the mean momentum loss of the particle.

6. MEAN ELECTROMAGNETIC FIELD

Consider now the problem of corrections to the Cou-
lomb field. The mean vector-potential of the field is
given as A* =<t| A" |t>. Let us calculate this vector
in the zero approximation setting |z >~|0). By using
this assumption we obtain

. iqr—iw,t
A* = 2eRe{12g§gaaeéfqelq " e(‘;q

a,q

t (22)
x je"”"’ £ (@,1)pq (t’)dt} ~

—00
where the function p, (¢) is the Fourier component of

particle probability distribution in the rest frame.

The vector-potential 4# is represented by the con-
volution of the potential for point particle and the prob-
ability distribution for the particular state. It is interest-
ing to analyze the universal case, corresponding to the
point charge, for which p, =1. For the uniformly mov-

ing particle we have p, =k, and arrive at
2
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where p, = (ko £q/2)\/(e. +m)(e; +m) .

First we evaluate the scalar potential for the particle
being at rest. We substitute k, =0 and get

2mr

y=e 2 [Ko(&) de, (25)
S

where K,(&) is the MacDonald function of zero order.

It is important to note that at » — 0 the potential (25)

diverges only logarithmically as

(Zm/m)In(e/mr) , r<<l/m. At r>>1/2m it co-



incides with the Coulomb potential. The interaction with
the electromagnetic field changes the particle form-
factor at distances which do not exceed several Comp-
ton wavelengths. The same behavior is manifested by
the potential which takes into account the radiation cor-
rections in the Feynman perturbation theory.

If we attempt to represent formulas (23) as the usual
retarded potential corresponding to any charge distribu-
tion, then we see, that it is possible only if this distribu-
tion sufficiently depends on the mass of the particle.
The dependence of the field on the mass can be con-
nected to the effect of the reaction force acting at photon
radiation. This circumstance means not the charge dis-
tribution but the sample action of electromagnetic
quanta wrapped around the charge and creating the field
which we observe as the source of the Coulomb force.

Consider the self-energy for particle at rest. The
electromagnetic contribution to it can be obtained in the
usual manner as the energy of electric field

1 5 |
E=—\|(-VA) dV =——| 4)A4,dV .
87[".( 0) 871"[ 0 0

The integral can be evaluated exactly. First we intro-
duce ®=r4,and using the spherical symmetry and

Ay =(1/r)d 2®/dr?, bring the energy to the form
E= iz(em)2 JKg Qmr) dr = me* .
7 0

As we see, the electromagnetic contribution to the self-
energy of elementary particle is comparatively small. In
the case of electron as well as proton the electromag-
netic correction is equal to the self-energy multiplied by
the fine structure constant. We can confirm the known
result that the main part of the self-energy for elemen-
tary particles has the non-electromagnetic nature.

We should make once more important notation. We
can calculate the general energy of all the photons
wrapping around the particle and found that the total its
energy exactly coincides with the electromagnetic con-
tribution to the self-energy. This result allows us to con-
sider this fact as a new method to calculate the energy
of electromagnetic field, without using the explicit ex-
pressions for the electric and magnetic fields.

Consider the case of non-relativistic particle. We can
set k, =mr,, where ry(¢) is the current mean coordi-

nate of the particle,
c ~ mqr,(t) |

+ - G s
€q/2

In this case we arrive at
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Within the region » >1/2m the main contribution to the
potential (26) occurs from the small & <2m . In this re-
gion one can neglect all the nonlinear in A=k/2m
terms in the integrand and get

0 WMo
A* = Echz IdTM
T o |Ir—rt-7)]

x[Ko@2me | cr—|r—ry(t 7))

- Ko(mc|ct+|r—ry(t—7) ||)].
Note, the 4-potential (27) obeys the Lorentz condition.
Comparing this result with Eq. (26) we see that the pre-
vious expression contains the additional retardation time
7 . The physical explanation of this effect can be found
on the basis of action of the reaction force appearing at
the virtual fast (k> 2m) photon radiation. At this radia-
tion the particle gets a great (virtual) deflection from the
center of the probability distribution. This deflections
display themselves in Eq. (26) in form of the retardation
time. At distances r >>1/2m the MacDonald functions
change very fast compared to the characteristic distance
of the potential inhomogeneity. If one replaces in
Eq. (27) the MacDonald functions by the corresponding
delta-functions, the Lienard-Wichert potentials will re-
sult.

The additional contribution appears from the mean
value of the vector potential, which general expression
is given by the formula

27)

A g (1) = [VDxp,], (28)
where
2 2mr
D(r)=— [Ky(x)dx, (29)
L

and p, =es/m 1is the electron magnetic momentum.

Apparently, the expression (28) represents the vector
potential of magnetic field caused by the electron mag-
netic momentum. At » —>o we have ®(r)—>1/r,

what is right for the point magnetic momentum. But at
r<1/m the function ®(r) has depends only logarith-

mically on 7, simulating the behavior of the main part of
the potential.

In Sec. 2 it was noted, that the interaction with the
photon field could change the electron spin direction. In
our approximation, when only diagonal part of Hamil-
tonian included in the ground state definition, we do not
take into account the spin-flip effects during the radia-
tion. In the more strict consideration one needs to take
into account the above speculations and gets the regular
form for the magnetic momentum field.

7. CONCLUSION

We see that problems with divergences in the QED
are more the problems of the perturbation theory than
the QED itself. The divergences in the Feynman-Dyson
perturbation theory are eliminated due to the physical
effects: 1) displacement of the particle as the reaction on
its own radiation, ii) spin-flip processes due to radiation.
In the Feynman approach the commonly used zero order
propagators do not take into account the electromag-
netic interaction at all. Apparently, if we use more cor-
rect propagators within the new (modified) perturbation
theory (which is equivalent to the prior "clothing" of
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particles), the infrared as well ultraviolet divergences at
the calculation of different physical quantities will be
eliminated.

I am thankful to Dr. V.Yu. Korda for drawing my at-
tention to refs. [7-12] and related works.
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HOBAJS TEOPUA BO3MYIIIEHI/II71 B K9
I'M. @Qununnos

[TocTpoeH HOBBII BapuaHT TeopHuH Bo3MymieHnii B KO/I, B koropom oTcyTCTBYeT ynbTpaduoseroBas Katacrpoda.

HOBA TEOPISI 3BBYPEHD Y KEJI
I'M. ®ininnos

[To6ynoBano HoBuii BapianT Teopii 30ypens y KE/JI, y skomy BincyTHs yabTpadioneroBa karacTpoda.
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