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IN AN ELECTROMAGNETIC FIELD

Within the covariant Lagrangian formalism, the equations of motion for spin-1/2 particles
with polarizabilities in an electromagnetic field have been obtained. We have analyzed the phe-
nomenological tensor constant quantities as well.
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1. Introduction

The interaction of an electromagnetic field with struc-
tural particles in the electrodynamics of hadrons is
based on the main principles of relativistic quan-
tum field theory. In the model conceptions, where
basically the diagram technique is used, a num-
ber of features for the interaction of photons with
hadrons have been determined [1, 2]. However, the
diagram technique is mainly employed for the de-
scription of electromagnetic processes in the sim-
plest quark systems. In the case of interaction for
the electromagnetic field with complex quark-gluon
systems in the low-energy region, the perturbative
methods of QCD are nonapplicable. That is why, the
low-energy theorems and sum rules were widely used
lately [3—6]. In the present time, the low-energy elec-
tromagnetic characteristics which are connected with
a hadron structure, such as the formfactor and polar-
izabilities, can be obtained from nonrelativistic the-
ory [5]. Passing from the nonrelativistic electrody-
namics to the relativistic field theory, one can use the
correspondence principle. But it is necessary to inves-
tigate, step-by-step, a transition from the covariant
Lagrangian formalism to the Hamiltonian one [7-9].

The determination of the interaction vertex of ~-
photons with protons taking the polarizabilities into
account [10] has recently been used to fit experimen-
tal data on the Compton scattering on a proton in
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the energy neighborhood of a birth of the A(1232)-
resonance [11].

This work is a continuation of the researches which
have been presented in our previous articles [6-8].
Using the covariant Lagrangian of interaction of the
electromagnetic field with a structural polarizable
particle, the equations of motion and the canonical
and metric energy-momentum tensors have been ob-
tained.

2. Total Lagrangian

The total Lagrangian of the interaction of spin-1/2
particles with the electromagnetic field consists of the
Lagrangian for the free electromagnetic field L._,,,
the spinor or Dirac field Lp, the Lagrangian of the
interaction of the free electromagnetic field with the
Dirac field Liy_ p, and the Lagrangian which consid-
ers electric and magnetic polarizabilities of particles
Laopo-p:

Liotal-p = Le—m + Lp + Ling—Dp + Loéoﬁo—D7

thus,
1 — /1. ©
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- 6(@’}/&’(/))140‘ + ij@au’ (1)
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The Construction of Relativistically Invariant Equations

ou_z " <7<_1)/
o7 =5 (027" ),

1) is the wave function of spin-1/2 particles.

In this expression FW = %QWWFP", where F),,
and Fuv are the tensors of the electromagnetic field,
ap and Py are electric and magnetic polarizabil-
ities, and e, o~ Levi-Civita antisymmetric tensor
(9123 = 1).

The part of the Lagrangian with polarizabilities can
be rewritten as

« 1 1% ov
L) = —2F,G" = K,,07, (2)
where G*” is the antisymmetric tensor G*¥ = —G"#
and is equal to
OL(@P) 4 ~
GV =——r—— = — Frerv —
0(0,4,) m <(a0 + 0o) (F5
— FyOrt) — Bo@nFH), (3)
where

O = 1/2(0" + ©"P).

3. Equations of Motion

For the interaction of the spinor and electromagnetic
fields, the following system of equations is used:

oL 0L

“oa, "hamay Y )
oL oL
ETERD ®)
OL Lo 0L __,, (6)

“op TP 8,0)

where A, is the vector-potential of the electromag-
netic field.

From Lagrangian (1) and expressions (4-6), we
get the equations of motion for a charged spin-1/2
particle with ag-electric and Sp-magnetic polarizabil-
ities:

Q™ = ey’ — 9,G", (7)
. ‘

(17" Oy —m) = ey = 5 (" Ko -

— K570, (8)

z?;(i@i’y”er):—eJ;Al,v”—
- % ¥ (8" Kyuy”) — (8 )77 Koy 9)
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In expression (7), el is the current associated
with a charge, —0,G*" is the current associated with
the polarizabilities of the particle.

Following work [12], we perform a relativistic gener-
alization of the phenomenological energy-momentum
tensor of the interaction of the electromagnetic field
with a polarizable particle as

™ =T§" + T(‘;Vﬁ)int. (10)
Lagrangian (1) takes the form
Liotal-p = Lo + Ling, (11)

where

1 wi (1. =
LoszFagF + §Z'ya3 -m|

is the usual Lagrangian, and
Lint = —6(5%&0)140‘ + Kay@mj

is the interaction Lagrangian of the electromagnetic
field and a particle with polarizabilities.

With the help of Lagrangian (11), the canonical
energy-momentum tensor looks like

8L0 - 6L0 8L0
Th = (07 Ap) 9 g O
50, A 60 T B0
1 1
— g [—ZF sFB _ af
g ( 4 af 4 aBG )
As a result, we get
1% 124 g'ul/ po
Tcan = Tcan(O) + TGPUF ’ (12)

where %G po P77 is the energy-momentum tensor of
the interaction of the electromagnetic field with re-
gard for the polarizabilities of the particle, and

v
g/‘

T“V = _F“pa’/Ap + T

P v
can(0) — FPUF 7 + or.
Using the unambigious definition of a energy-
momentum tensor for T/, we construct the metric
energy-momentum tensor:

v 14 v gl“j lod
Thetr = Ttan(o) + 0p(FM7AY) + TGPUFP . (13)
Thus, Thr,. reads
Qv wp v gu,l/ po n%
Tmetr:F Fp +TFpaF +® -
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g 9 o
—jrAY + TG,,UFP , (14)
where j* is the current density of the charged particle.

In the rest frame of the particle, we obtain the en-
ergy density of interaction for the particle with po-
larizabilities and the electromagnetic field:

2
&= —%@00(050]32 + 60H2),

where ©% is the energy density of the spin-1/2
particle.

4. Conclusion

Taking the covariant Lagrangian of interaction of the
electromagnetic field with a polarizable spin-1/2 par-
ticle as a basis in the Lagrangian covariant formalism,
the equations of motion have been found. The cor-
relations between the covariant Lagrangian and the
canonical and metric energy-momentum tensors have
been obtained. In the rest frame of the particle, the
energy density of interaction for the particle with po-
larizabilities and the electromagnetic field has been
determined.
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IIOBYJIOBA
PEJISITUBICTCHKO-IHBAPIAHTHUX
PIBHSHB PYXY TA TEH30P
EHEPTT-IMITYJIBCY 11T JACTUHOK
31 CIIIHOM 1/2 3 TIOJIIPU30BHICTIO
B EJJEKTPOMATHITHOMY TIOJII

Pezmowme

B pamkax xoBapiaHTHOrO JlarpaH»koBoro ¢popMaIizMy oTpuMa-
HO PIBHAHHSA PyXy JIsl YACTHHOK 3i crinoM 1/2 3 mosisipusoBHi-
CTIO B eJleKTpoMar#iTHoMmy nouti. Hamu Takork nmpoanastizoBaso
dbeHoMeHOJIOr YHI TeH30PHI KOHCTAHTH.
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