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For modern theoretical physics there is tendency to review methods of describing quantum-mechanical systems in terms of
relationship with classical analogues. We attempted to calculate the anomalous magnetic moment from a semiclassical view
(with consideration for Zitterbewegung) on the basis of electromagnetic fields generated by the electron in the immediate

vicinity of the charge point.
calculations.
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1 Introduction

In 1941 W. Pauli [1] showed that it’s possible to
add a relative invariant an additional to Bohr magne-
ton pg = eh/2moc magnetic moment part p, describ-
ing interaction with external electromagnetic field. At
first it seemed to be purely abstract theoretical con-
struct. In 1947 G. Breit [2], analyzing experimental
data for measuring the hyperfine structure of the hy-
drogen atom spectrum, suggested that the magnetic
moment of the electron has the intrinsic anomalous
part:

M= o + Ha-
The first theoretical calculations of the anomalous
magnetic moment of the electron were provided by J.
Schwinger [3] in 1948. These calculations were excel-
lent application of the developing quantum electrody-
namics. The result obtained by Schwinger:

Q
a — 1 a_ )
Ha = fo( +27r)

where a = €2 /hc — fine structure constant, which was
in good agreement with experiment [4]. Further cal-
culations and measurements, which took into account
higher approximations of the fine structure constant
[5], depending on the presence of a strong external
fields and the number of electron energy level [6] re-
sulted only with a refinement of the obtained expres-
sions for the Schwinger’s anomalous magnetic moment
(see review works [7,8] and others).

The discovery of the anomalous magnetic moment
was a milestone in the construction of modern quan-
tum field theory. Attempts of better visibility of the
semi-classical presentation goes back to the Welton and
Koba works [9,10] (see also [8]). Of course, the Welton-
Koba method still represents only a qualitative interest
for the interpretation of the anomalous magnetic mo-
ment. And it can not claim to be serious quantitative
results.

Derived value of anomalous magnetic moment is in full agreement with the Schwinger’s

radiation, anomalous magnetic moment, Zitterbewegung, semi-classical theory.

In our work to obtain the theoretical value of the
anomalous magnetic moment used exact methods of
purely relativistic classical electrodynamics [11]. Only
at the last stage of calculations the electron’s self-field
is determined by semi-classically introducing Compton
wavelength. This allows to define more precisely the
effective electromagnetic mass of an electron, and with
it the anomalous magnetic moment. But the classical
goal is not important in itself. The quantum mechani-
cal picture when expressed in terms of invariance prin-
ciples will show the relationship between the classical
variables. This is our main motivation for the classi-
cal analysis of spinning particles: to finally obtain a
thorough quantum scheme [12].

2 Electomagnetic self-action of an electron in
classical electrodynamics

In the classical field theory interaction of a charged
particle with an external and its own electromagnetic
field can be formulated using a differential conservation
law of momentum density [13]:

D,PE + D, P, + D, P + D, P* + D, P* = 0, (1)

here
P = M, / V(W (1)6(RP — 12 (r))dr

— momentum density tensor of particle with effective
mass My,
pHY _L(HMPH v 1 HY T Haﬁ)
“rt T Are p e of

— momentum density tensor of external field with stress
H'",. The last three members in the eq. 1 take into ac-
count the field produced by the charged particle. It is
composed of the convective field H ~ 7%2 and the radi-
ation field H ~ % Therefore, the momentum density
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tensor of the self-field of the charge consists of three
parts ~
Pl =PI+ P i,

where
P _ 1 e2cd (lgw I A A
Am (7F,0P)4 "2 FpP (TpoP)?
1
T
— corresponds to the convective field,
Prv — _1 e? (2 (Fpw?)? _wew” VR~ —
dme (FooP)2 (Foor)t (Fpur)? 72

— describes radiation field,

~ 1 e2¢2  FhrwY — Pt Ry 4 FYoH
P = —— - 7pw?
Ar (7,0P)3 FpP (Fpor)2 7
22TV T pwP
_eE T ey
= p)3 =3
(FpeP) T

— corresponds to part of mutual interference. In P! 7

field are defined in the retarded time and therefore for

—53-- Lo obtain the equations of
motion of a charged particle the eq. 1 should be inte-
grated throughout the four-dimensional space around
the world line of the segment of length cdr. In the first
two members integration is carried out using a four-6-
function and a second pair of Maxwell equations in the
second term. The result of these procedure is the usual
Lorentz force. The remaining three members are inte-
grated with the theorem of Gauss-Ostrogradsky in the
volume enclosed between the two light cones and the
time-like hyper band (see fig. ). It is called Bha-bha
tube with elements of the hypersurface:

them DH = ¢ 4 L4
,

€ €
do =*((1 + C—pre”)e,, + C—Swpe”vl,)dchT,
where df) - element of solid angle in the rest frame of
the particle, e, — Rorlich’s vector and
y (i 1

el =1, e = —c= — v
TP c

v

v
, vye’ =0.

Invariant quantity ¢ = 7,e” plays the role of a spherical
radius.

Figure 1: Bha-Bha tube.

As a result of integration over the four-dimensional
volume, taking into account the delay of the radiation
we get

" € v ° a,u 3¢c? m
Mow* (1) = EHmtvy(T)—T(waw v +4—€w ) J——
The last term on the right side in the radiation friction
force is a divergent expression, since ¢ = ¢(7* —7) = 0
then, to be excluded from the definition of force, let
taking into account the delay of the radiation

wh(1T%) = wh (1) — kWt (T)AT,

where k — constant factor, which can be determined
from the condition of the space-like radiation friction

force. Putting x = 4/3, we obtain

Y e? " e I 2¢? u v
( 0+2€?)w (1) = p extvu(T)‘f'@(w Tt ).
Thus on the right side we get the Lorentz force and the
standard expression of the radiative friction force, on
the left - the definition of four-dimensional force vec-
tor with a massive multiplier that allows for self-action
of the electromagnetic field. Interesting that the delay
parameter of the radiation

coincides with the quantum of time that proposed by



A. V. Kozlov, E. A. Nemchenko. On the semi-classical origin of the electron anomalous magnetic moment

P. Caldirola [14], if under 7 is understood electro-
magnetic mass of an electron:

62

my = —;.
07 2ee2

To obtain the standard expression for the Lorentz force,
taking into account the radiative friction force should
take

My 4+ mg = my.

3 Semi-classical self-action and the anoma-
lous magnetic moment

Thus, we have a well-known equation
€ ~
mow* = —H" v, + F*
c

which is satisfied if in the original equation the effective
mass equals to

e2

M() = mo(l — W .
In fact, that it is mass of "naked" particle in the ab-
sence of the self-interaction with the electromagnetic
field. It is obvious that the magnetic moment of an
electron with an anomalous addition is determined by
this mass:

eh €2

SMe pol

I ).

2emoc?
The idea, that the anomalous magnetic moment of the
electron is directly related to the effective mass of the
particle, found its confirmation in quantum electrody-
namics [15]. This idea has been actively developed in
classical electrodynamics by MacGregor [16], but his
calculations have essentially approximate nature.
Until now we have been using only the methods of
relativistic electrodynamics. Our further calculations
will be associated with the refinement of the concept
of radius of the spherical electromagnetic field around

the electron. Clearly, this is the minimum distance at
which the electromagnetic field, leaving the electron
leaves it "naked". Compton wavelength of an electron
is known to be an indicator of the distance at which
quantum effects become important, considering

1 wh
E = — = —
2 = moc
we get
«
MO = mo(l — 27),
U

then according to the definition
o
= po(1+ —).
= po(l+ 5 7T)

It is Schwinger’s result for the anomalous magnetic mo-
ment. It’s very interesting that the value of € can be
associated with the Schrodinger’s Zitterbewegung, con-
sidering

ﬁwa = 2m002.

Then we get the same value ¢, if we take

2mc
E = CTZZ) = —_—=
Wzb

7h
moc

4 Conclusion

Feature of our work is that the derivating of
the anomalous magnetic moment of the electron, we
started from a purely classical theory - exact relativis-
tic radiation. Only at the last stage of calculations we
attracted semiclassical postulates to describe the inter-
action of an electron with a quantized electromagnetic
field.

Our result confirms the correctness of our assump-
tions and the validity of the principle of correspondence
of classical and quantum field theory. It opens up new
possibilities in the study of the effects of phenomena
such as electromagnetic mass of an electron, Zitterbe-
wegung and quantization of time and etc.
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A. B. Koanos, E. A. Hemuwenro

O ITOJIVKJIACCUYECKOM IMTPONCXO2XKJEHNUN AHOMAJIBHOTO MATHUTHOTO
MOMEHTA 9JIEKTPOHA

B nannO#l pabore mpennpHHATA IONBITKA PACCYUTATh AHOMAJIbHBIA MAarHUTHBIH MOMEHT 3JIEKTPOHA C IOJIYKJIACCUYECKOMN
TOYKH 3PEHHS ¢ yI€ToM sABjaeHus Zitterbewegung u Ha OCHOBAHMY HJIEKTPOMATHUTHBIX IOJEH, CO31aBAEMBIX 3JIEKTPOHOM B
HeIOCpeACTBeHHO# 61m30cTu OT 3apana. IlomydeHHOe 3HaYeHHME AaHOMAJIBHOI'O MArHHTHOIO MOMEHTA HAXOJWUTCHA B IIOJIHOM
COTJIACUM C MEePBOHAYAIBHBIMU pacueTamu IIIBuUHTEpA.

KuiroueBble CJI0Ba: KOHBEKMUBHOE IAECKMPOMAZHUMMHOE NOAE, GHOMANDHBLT MA2HUMHBY Momenm, Zitterbewegung, nosyKsaccumeckas
meopuAa.
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