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B sroii paGore MBI pPacCMATPHUBAEM HOBBIIO MOJEJIb HEJIMHENHON 3jeKTpomuHaMuku - "Tunepboauvecku-
aozapupmuneckyro . ra MoETIH CONEPKUT B cebe TPU IMapaMeTpa U OMKUCHIBAETCS JIATPAHKUAHOM CJIEJLY IOIIEro
suga: L= —F — %arth(ﬂ}') - %[lﬂ(l + BF) +In(1 — BF)], tue F = L Fyu F*. Mp1 nokassisaem, 410 B pamkax
JTAHHOW MOJIeJTN HAPYITAeTCS yaJIbHas CUMMETpHs. TakyKe MBI JIOKa3bIBAEM, UTO JEKTPIUIECKOE TI0JIe TOTETHOTO
3apsi/ia CTAHOBUTCS HECUHTYJISIPHBIM, & SHEPIHUs SJIEKTPUUECKOTO IMOJIst - KOHEYHOM. MBI BBIUMCIISIEM OXKUIAEMYIO
BEJINYMHY IapaMeTpPOB TEODHH, ONUPAsiCh HAa XapPaKTEPUCTUKHU 3JIEKTPOHA, a TaKxke Ha uaeio AOpaxama u
JIopeHIa 0 TOM, 9TO BCS MACCa SJEKTPOHA MMEET 3JIEKTPOMATHUTHYIO MPpUpoy. HaMm HAXOIATCS KOMIIOHEHTBI
KAQHOHUYECKOTO ¥ CUMMETPH30BAHHOTO TEH30PA SHEPTHH-AMILY THCA.

Karoueswe caosa: Henuneiinas snekrpopunamuka, TeH30p 9HEPruU-uMILyJIbca, DHEPIUs TOYEHHOIO 3aPaia.

HYPERBOLIC-LOGARITHMIC MODEL OF NONLINEAR ELECTRODYNAMICS

Groshev D.E.*!, Spasov D.A.%?
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In this paper we consider a new model of nonlinear electrodynamics - "Hyperbolic-logarithmic”. This model
contain a three parameters and describe by following Lagrangian: £ = —F — %arth(ﬁ}') - %[ln(l + B8F) +
In(1— 8F)], where F = inkF““ We show, that in this model dual symmetry is broken. Also we proved that the
electric field of a point-like charge becomes non-singular in this framework, static electric energy of this charge
is finite. We calculate a theory parameters values guided by electron parameters and Abraham - Lorentz idea
about a pure electromagnetic nature of electron mass. We find the canonical and symmetrical Belifante energy
momentum tensors.
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Introduction

It is well known that strong electromagnetic field has strong connection with nonlinear theory. QED
one-loop quantum corrections give a non-linear terms in classical Maxwell’s Lagrangian [1|. Nonlinear
electrodynamics uses in a wide range of contexts :cosmology and astrophysics [2], high power laser
technologies and plasma physics [3|, nuclear physics [4].

On the other hand, some models of nonlinear electrodynamics can solve the problem of Coulomb
singularity, namely infinite energy of a point-like charge, which comes out in Maxwell’s electrodynamics.
The most famous example is Born-Infield electrodynamics [5]. In arcsin-electrodynamics [6] and
generalized ModMax electrodynamics 7] this singularity is also absent.
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Considerated model contains finite energy of a point-like charge as well. This fact makes Hyperbolic-
logarithmic model more attractive for deep investigation.

We use the Heaviside-Lorentz system with i = ¢ = ¢y = po = 1, Latin letters run from 0 to 3.
1. The model

In this paper we introduce a new model of nonlinear electrodynamics witch given by Lagrangian:

¢ In(1 +~F) +In(1 — BF)]. (1.1)

A
L=—F— —arth(8F) — 2

B

Here F = 1F; % = 1(B* — E?) - invariant of electromagnetic field, A, B - dimensionless parameters,

[ - parameter with dimension L%, First pair of Maxwell equations is following

, A — BOFF™*
O (F* 4+ —""— ] =0. 1.2
< oL ) (2
Second pair of Maxwell equations, of course, remains unchanged:
F*F =0, (1.3)
The electric displacement can be calculate with the help of expression D = 9L/0E:
A—BCF
D=|14+— | E. 1.4
(14 =) (-4
The magnetic field is given by H = —9L/0B:
A—-BCF
H=(1+—=)B. 1.5
( = (Bf)2> (9
We can represented equations (1.4) and (1.5) in tensor form:
Di = EijEj7 Hl = Mz_leJ 5 (16)

where €;; and ,u;jl - electric permittivity and inverse magnetic permeability tensors, respectively. We
can write components of these tensors:

_ A—-BCF
€ij = /j‘ijl = 6572]" € = (1 + 1—(5./—")2> . (17)
First pair of Maxwell’s equation can be rewritten in the D — H framework:
oD
VD=0, — -VxH=0. (1.8)
ot
Second pair of Maxwell’s equation has the standard form:
0B
VB=0, —+VXxE=0. (1.9)
ot
In order to see the dual symmetry of this model, from equations ((1.4) - (1.6) we can obtain :
DH = ¢’EB # EB. (1.10)

In other words, dual symmetry is broken [§] . In case (A =0, C =0 — e=1) we arrive at classical
electrodynamics with dual symmetry.
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2. Electrostatics

In this section we consider electrostatic case (B=H=0). Assume that a point-like charge ¢ located
at r = 0. Equation for this charge is given by

VDy = ¢d(r) (2.1)
with the solution:
q
Dy = . 2.2
L 22
Taking into account (1.4), we obtain
2
A+ G q
Ey (1 + L Rl (2.3)
Z

Solution of this equation at r — 0 is given by:

E“_Vg' (2.4)

So, we can see what in this model maximum electric field is finite. Coulomb singularity is absent like in
Born-Infeld theory.

3. Energy-momentum tensor

In this section we find canonical and Belinfante energy-momentum tensors. The expression of

canonical energy-momentum tensor is:

ik _ (9l Am k (
T = (94 )(F_m+ TG

This tensor is conserved 9;T** = 0 but is not symmetrical and gauge-invariant. So, we obtain symmetrical
Belinfante tensor by the relation [9] :

iy = T 4 0.0 >
where
ik — % (st(sélz _ Hisaél; _ Hks(siip 7) (3.3)
and
ik — 8(8826116) = eF'*. (34

Obviously, X"* = — X that give give rise to 9;0; X'"* = 0. So, using (3.1)-(3.4) we can obtain:
g g

; im (A - BCF))Fh, i
The trace of Belinfante tensor is
A—BCF 4A 2C

If A=0and C =0 we arrive at Maxwell electrodynamics. The trace of energy-momentum tensor (3.6))

becomes zero.
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4. Energy of the point-like charge

In this section we study the electric energy of point-like particle - electron. In electrostatic case
(B=0) the energy density is given by:

B _ 00 _ 2 lJrLﬁCfQ A th BE? +£1 1+6—E2 +1 1*LE2 (4.1)
T E R\t e ) T ) Tag [T 2 " 2 )|

Total energy can be obtain from: £ = [ ppdV. Using new variables [6]

44/27r?
T = 7\[7”‘ , Y= éE, (4.2)
eVB 2
we can find expression for total energy:
3 00 2
- 90 {Q(HZ(AJFCZ’))—A h(y?) + S in(1 — )| 43
sre= = [ VA T arcth(y?) + 5 n(1 - y") (43)
Taking into account (2.3) we can write
1-— y4
T = . 4.4
y(l—y*+ A+ Cy?) (44)
Thus, we can transform integral (4.3) to
1 ef My —y? +2(A+ Cy?) — Aarcth(y®)(1 —y*) + $(1 —y*) In(1 — ¢*)
Bi€ =1 5 2 x
25w Jo y 51—yt = A+20y2)2 /1 -yt
x (4y*(1—y* + A+ Cy*) + (1 — y*) (1 = 5y* + 3Cy* + A)) dy. (4.5)

With the help of numerical calculation of integral we can realize the Abraham and Lorentz
idea [10] about pure electromagnetic mass of electron. Let’s consider the Heaviside-Lorentz system with
h =c = ¢y = pp = 1. Elementary charge can be found from the expression for fine-structure constant:
a=< = L We obtain e = v/4ra ~ 0.30286.

On the other hand, we can use quantities of classical electron radius ro = 2.818 fm and electron
mass 0,511 MeV to obtain dimensionless left part of : B%E = 1.440 .

Numerical calculus gives that, for, example, this value corresponds to the following quantities of
model parameters:

A=0,008 B=0,0011. (4.6)
Conclusion

We introduce a new, "Hyperbolic-logarithmic” model of nonlinear electrodynamics with three
parameters: dimensionless A, B and dimensional 5. After finding the field equations of the theory, we
calculated the electric field of a point-like charge and we showed that at the origin - the location of the
charge - it takes a finite value, that is Fy = \/% , and is not singular. We showed that the dilatation
symmetry is broken due to the nonzero quantities of parameters. We obtain the canonical and symmetric
Belinfante energy-momentum tensors. Moreover, we show the example of values of model parameters,
witch corresponds the idea about electromagnetic mass of electron.
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