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Real Scalar Fields as the Origin of Anomalous
Magnetic Moment
Miroslav Georgiev

Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, 8 Acad. G. Bonchev St., 1113 Sofia, Bulgaria;
m.georgiev@math.bas.bg

Abstract

For nearly eighty years after the discovery of the electron’s anomalous magnetic moment researchers
have relied on extremely laborious quantum methods for the calculation of an elementary particle
anomalous g-factor. Since the derivation of single exact method for the calculation of such a funda-
mental parameter have been considered inconceivable the quantum theory of vacuum have been
established as unique tool to that goal. Based on thorough theoretical research about the origin of
elementary particles’ anomalous magnetic moment the present paper reveals a scalar field approach
describing the named anomaly as non-quantum phenomena and underlying the exact calculation of the
charged leptons anomalous g-factor and self-interaction energy. Impressive accuracy in reproducing
the most recent experimental data for the electron’s and muon’s anomalous g-factor is demonstrated.
Exact calculation of the spin angular momentum dynamics and atomic energy spectrum in terms of
specific invariant mass contributing to the anomalous magnetic moment is also reported. Apparent
particle-antiparticle asymmetry is obtained. The presented approach integrates fundamental aspects
from electrodynamics and scalar field theory and shed light on an experimentally tested aspect of
a theoretical framework independent on the quantum vacuum theory, with completely removed
divergences and closely intertwined with the Standard Model predictions.

Keywords: anomalous magnetic moment; electrodynamics; scalar field theory; electron; muon

1. Introduction
The anomalous g-factor is a characteristic quantifying the influence of the vacuum on elementary

particles’ intrinsic magnetic moment. It is one of the essential fundamental physical parameters
for putting our current understanding about the particles inherent environment to the test. Being
able to theoretically reproduce the experimentally measured value of an anomalous g-factor with
unprecedented accuracy is accepted as indisputable prove to the validity of the theoretical methods
in use. Therefore, the attempts to rationalize methods and theories beyond the Standard Model (SM)
over the gap between measured and calculated value of the muon anomalous g-factor have risen to un-
precedentedly high levels over the last two decades [1–16]. The discovery of the electron’s anomalous
magnetic moment [17–21], nowadays detected with stunning precision [22,23], has established the
believe that the occurrence of such anomaly is merely quantum effect and uniquely addressable only by
the quantum theory. The quantum vacuum picture [24–33] theorized along the successful calculation
of the electron’s anomalous g-factor after decades of research [33–37] and constantly studied in attempt
to provide results for the muon’s anomalous g-factor with high accuracy [30,38–46] is accepted as a sole
approach to the description of bare particles inherent environment. Seemingly justifying all inevitable
renormalization procedures – as pointed out by one of the developers of quantum electrodynamics
(see Ref. [47,48]), the impressively accurate quantum computations devised to calculate the electron’s
and muon’s magnetic moment anomalies seems to have implied almost no reservations when it
comes to the uniqueness of quantum vacuum approach. Nevertheless, on the background of such
laborious approach and the constant search for a new physics beyond SM [49–51] the absence of a
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comprehensible formulation of such a fundamental physical quantity can not help but raise questions
concerning the existence of a single exact analytical approach to its calculation. The present absence
of theoretical framework underpinning such calculations and all attempts to its derivation within
the theory of relativity and quantum theory left no room for confusion. A general exact calculation
of leptons anomalous g-factor [52,53] and the contribution of corresponding self-interaction into the
particle’s action is neither underlined by the classical nor quantum gauge field. Remarkably, all efforts
indicate that a primary physical model underlying such results would require only stationary vacuum
and non-symmetry based field terms of the Lagrangian.

Addressing the challenge of formulating the action quantifying exactly the contribution of such
fundamental parameter into the particle’s worldline, the current study presents a profound view on
the origin of anomalous magnetic moment. It reveals that independently on the quantum theory of
the vacuum and its contribution to observables there exist an exact self-consistent approach to the
calculation of self-interaction energy and anomalous g-factor of a massive non-composite particle
having elementary electric charge. The theoretical framework underlying the named approach utilizes
the point-particle model as a description of the particle’s dynamics and field theory to describe the
particle’s inherent environment and account for the dynamics of its spin angular momentum. The study
demonstrates that in contrast to the quantum vacuum approach the calculation of anomalous g-factor
and self-interaction energy can be brought about by considering the particle’s inherent environment
as composed of four real spin-zero stationary fields that are only electromagnetic in nature. All
four fields are given as explicit functions obtained as solution to the corresponding Euler-Lagrange
equations. Essentially, with respect to these solutions the reported approach distinguish two cases.
One describing unstable non-composite particles and the other a stable one. For an unstable particle
two of all four real scalar fields are massless and the anomalous g-factor appears as solution to the
following transcendental equation

a = 3(1 + α2)

1 −
1 − e−

f (α)
(1+a)

(
1 + f (α)

(1+a)

)
(

f (α)
(1+a)

)2 −
1 − e−

md
m

f (α)
(1+a)

(
1 + md

m
f (α)
(1+a)

)
(

md
m

f (α)
(1+a)

)2

, (1)

where
f (α) =

α

2π
√

1 − α2
,

α is the fine structure constant, m is the particle’s rest mass and md is the total rest mass of the particle’s
decay product. It is further demonstrated that for a stable particle the number of massless scalar fields
increases to three, with vanishing md. In this case a unique transcendental equation with no free mass
parameters is derived, reading

a = 3(1 + α2)

1
2
−

1 − e
− α

2π(1+a)
√

1−α2

(
1 + α

2π(1+a)
√

1−α2

)
(

α
2π(1+a)

√
1−α2

)2

. (2)

The study unequivocally points out that the used mathematical framework admits only one stable
massive electrically charged elementary particle with anomalous g-factor calculated via Equation (2).
In addition to the main results related to Equations (1) and (2) the paper reports equations of motion
describing the particle’s spin angular momentum dynamics and discuss the principal interrelationship
with quantum theory.

The rest of the paper is organized as follows. Section 2 presents the initial assumptions the devised
exact approach is based on and depicts its most recent results. Section 3 revises and discusses in details
the mathematical framework used to devise the exact approach to the calculation of considered
particle’s anomalous g-factor and corresponding self-interaction energy. It provides a thorough
representation and interpretation of all relevant physical quantities and equations. In Section 4 we
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demonstrate that the atomic energy spectrum can be calculated in terms of specific invariant mass
contributing to the magnitude of anomalous magnetic moment. Section 5 provides concluding remarks
and summarizes the theory’s main aspects. All computations and 3D illustrations are carried out on
Wolfram Mathematica. The plots are generated by gnuplot.

2. Principle Formulations and Calculations
2.1. Principal and General Relations

Equations (1) and (2) are derived by taking into account two principal considerations. First, it is
assumed that as a result of the interplay with its inherent environment the considered particle may be
viewed as gaining additional rest energy and equivalently a rest mass. The gained rest mass contributes
to the particle’s gyromagnetic ratio by a fraction exactly equal to the corresponding anomalous g-factor.
Accordingly, the anomalous g-factor is considered as a ratio between the particle’s self-interaction
energy and rest energy. The higher the self-interaction energy the greater the corresponding anomalous
g-factor and vice versa. This principal formulation reads

a =
Σ

mc2 , (3)

where c is the light speed in vacuum and Σ is the particle’s self-interaction energy. Second, the
self-interaction energy is defined as the total energy of the particle’s interaction with its intrinsic
environment assumed to be only electromagnetic in nature. It is calculated exactly as the average
interaction over the characteristic spherically symmetric spatial domain Ωc ⊂ R3, with radial boundary
rc = αλ̄c, where λ̄c is the reduced Compton wavelength associated to the particle. We have

Σ =
1
Vc

∫
Ωc

qϕd3r, (4)

where Vc is the volume of Ωc, q is the electric charge associated to the particle and ϕ ∈ C∞(R>0)

represents a superposition of four real spin-zero fields describing the particle’s inherent environment.
Given with respect to the particle’s rest frame of reference, we have the singularity free radial function

ϕ(r) =
q(1 + α2)

4πεor

(
2 − e−χr − e−

md
m χr

)
, (5)

where εo is the electric constant, r is the radial distance from the origin of particle’s rest frame of
reference and χ is a scaling parameter. In particular,

χ =
α

2π(1 + a)rc
√

1 − α2
, Vc =

4
3

πr3
c . (6)

Graphical representation is depicted in Figure 1.
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Figure 1. 3D surface plot of the radial dependence of the normalized function representing the superposition of
all four scalar fields (see Equation (5)) along with the corresponding color map. At the origin of particle’s rest
frame of reference (red dot) the self-interaction takes finite value, with energy equal to qC(1 + mdm−1).
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Equations (1) and (2) are derived from Equations (3), (4) and (5) after integrating over the given
spatial domain and taking into account the relation q2 = 4πεomc2rc. Given as an integral over the
interval [0, rc], the anomalous g-factor reads

a =
3(1 + α2)

r2
c

∫ rc

0
r
(

2 − e−χr − e−
md
m χr

)
dr. (7)

Table 1. Comparison between the most recent theoretical (second and third rows) and experimental (fourth row)
values of the muon’s anomalous g-factor. The listed values are depicted in Figure 2. The first uncertainty given
in the second row is due to the fine structure constant and the second one is related only to the value of mν.
Discussion is provided in Section 2.2.

Approach aµ Reference

Exact 0.001165920530996(9)(3) Equation (1)

SM 0.00116592033(62) R. Aliberti et al. [54]

FNAL (Run-1-6) 0.001165920705(148) D. P. Aguillard et al. [55]

17.5 18 18.5 19 19.5 20 20.5 21

(a
µ
 - 0.0011659000) × 10

9

Equation (1)

T. Aoyama et al. (2020) - Ref. [43]

R. Aliberti et al. (2025) - Ref. [54]

D. P. Aguillard et al. (2024) - Ref. [46]

D. P. Aguillard et al. (2025) - Ref. [55]
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Figure 2. Measured (circles) and calculated (rectangles) values of the muon anomalous g-factor. The numerical
representation of the most recent data is given in Table 1.

2.2. Comparison with the Experimental Data

Recently it was reported that the calculation of muon’s anomalous g-factor via Equation (7), or
equivalently Equation (1), leads to a difference of about 60 ppt (see Ref. [53]) with respect to the
world average reported in Ref. [46] uncovering more accurate theoretical result than the one obtained
after quantum vacuum approach [43]. With respect to the most recent average value fixed after the
third FNAL measurement [55] the difference increases to 184 ppt, see Figure 2 and Table 1. The most
probable decay product of the muon was taken into account, with md = me + mν, where me is the
electron’s rest mass and mν = 3.8400015(1)× 10−38 kg is the sum of muon neutrino and anti-electron
neutrino rest masses. Accordingly, it is suggested that the upper bound on the sum of muon neutrino
and anti-electron neutrino rest masses is equal to mν, with corresponding rest energy of about 0.02154
eV. This result is consistent with the reported upper bound on the total rest energy of the three flavor
neutrino 0.120 eV [56] and far below the bound on effective anti-electron neutrino rest energy obtained
from the most recent KATRIN data analysis [57]. Essentially, Equation (1) yields exact value for the
muon anomalous g-factor that surpasses by accuracy the most recent quantum field theory prediction
[54], see Figure 2 and Table 1. The value of electron and muon rest masses is taken from NIST [58]
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yielding mdm−1
µ = 0.0048363318963797, where mµ is the muon’s rest mass. The value of fine structure

constant is fixed with respect to the solution of Equation (2).
Remarkably, for md = 0 the integral in Equation (7) yields Equation (2) with solution representing

a highly accurate result for the electron’s anomalous g-factor, where the one reported in Ref. [52] agrees
with the most recent experimental value [23] (see Figure 3) to 0.59 ppt, with calculated fine structure
constant α = 137.0359990849004(3)−1. Comparison with the single electron cyclotron measurement
data [22] and the most recent agreement on the values obtained from quantum field theory calculations
[37,59] is further depicted in Figure 3.

Within the considered approach the particle’s anomalous magnetic moment appears to be entirely
of electromagnetic origin and the vacuum is described by a superposition of four stationary non-
interacting real scalar fields. Such a rationalization differs from the established in the quantum
theory vacuum picture in terms of which depending on the bare particle’s mass different vacuum
contributions adds up to correct the corresponding g-factor [33,37,41,43,60–62].

79.5 80.0 80.5 81.0 81.5 82.0 82.5 83.0

(a
e
 - 0.0011596521000) × 10

12

Equation (2)

T. Aoyama et al. (2012) - Ref. [59]

T. Aoyama et al. (2019) - Ref. [37]

D. Hanneke et al. (2008) - Ref. [22]

X. Fan et al. (2023) - Ref. [23]

-1 -0.5 0 0.5 1 1.5 2

ppt

Figure 3. Experimental (circles) and calculated (rectangles) data for the electron’s anomalous g-factor. The
uncertainty in the theoretical results is related only to the corresponding value of fine-structure constant.

Shedding light on an unrevealed avenue to the calculations of the muon’s anomalous g-factor the
presented results unequivocally points out to the lack of discrepancy between theory and experiment.
The used approach suggests that the anomalous magnetic moment is not explicitly quantum by
nature and has solely electromagnetic origin proposing an entirely different picture about the particles
inherent electromagnetic field, resulting self-interaction and the vacuum. Moreover, it makes a direct
reference to the stability of the electron by predicting its anomalous g-factor in the absence of any free
parameter that may characterize the electron, see Equation (2).

3. Theoretical Framework
3.1. The Action

To gain further insight on the approach underlying Equation (7) with all resulting data and
conclusions, let us focus on the total energy of the considered system and study the action describing it.

Consider the system composed of spin-half particle with rest mass m, electric charge q and
intrinsic magnetic moment µ = gµs as isolated, where g = 2(1 + a) is the corresponding g-factor,
µ is the corresponding magneton and s is the particle’s spin angular momentum. Obtaining the
results in Equations (1) and (2) requires to set the mathematical framework in terms of the following
considerations. The particle’s dynamics in spacetime is described with the aid of the point-particle
model. The particle’s spin angular momentum is precessing about the axis of relative motion, with
oscillation energy equal to the particle’s relativistic energy and corresponding rest energy representing
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a fraction of the particle’s rest energy. The particle does not propagate in effective electromagnetic
field inherent to it. The electromagnetic field associated to the particle is not characterized by intensity.
It is characterized by potentials that are uniquely defined as the average of a superposition of non-
interacting massless and massive centrally symmetric real spin-zero fields describing the particle’s
inherent environment. The superposition of these field’s is time independent, divergence free, it vanish
for m = 0 and at large distances from the particle.

Within the given framework, the action of the considered system is represented as a sum of four
terms. The first term quantify the contribution of particle’s rest energy into its worldline. The second
one has no contribution and is related to the dynamics of particle’s spin angular momentum. The third
and forth ones account for the contribution of self-interaction energy and that of the particle’s intrinsic
environment, respectively. In particular, we have

S =− 1
m

∫
PµPµdτ − 1

2m

∫ (
h̄2∂µψ · ∂µψ −PµPµψ · ψ

)
dτ − 1

c

∫
Jµ Aµd4x

+ ς
εo

2c

∫
(−1)j+1

(
∂µϕj∂µϕj − χ2

j ϕ2
j

)
d4x, (8)

where (Pµ) is the particle’s four-momentum, ψ ∈ R3, with ||ψ||2 = 1 is a vector function determining
the dynamics of particle’s spin angular momentum, (Pµ) is the four-momentum associated that
dynamics, (Jµ) is the four-current density, (Aµ) is the electromagnetic field four-potential, ς is a
normalization coefficient, ϕj ∈ C∞(R>0) is a real spin-zero field, with scaling parameter χj ∈ R for
j = 1, . . . , 4. Generally, there are two massless and two massive spin-zero fields. Here, the enumeration
of these fields is such that for the two massless ones, we have χ1 = χ3 = 0. Moreover, τ is the proper
time and standard summation convention is used for all indices.

Essentially, we have the explicit representations and relations

(Pµ) = (γmc, γmv), (Pµ) =
(

h̄
ω

c
, h̄k
)

, Jµ =
ρq

m
Pµ, Aµ =

Φ
mc2 Pµ,

ρq = qδ(r − r0), Φ =
1
Vc

∑
j

∫
Ωc

ϕjd3r, PµPµ = α2h̄2k2
c , PµPµ = m2c2,

ς = 2aq(|q|rc(χ2 + χ4)(1 + α2)2)−1, where v = (vi) is the particle’s relative velocity, γ is the corre-
sponding Lorentz factor, h̄ is the reduced Plank constant, k is the wave vector characterizing the
dynamics of the particle’s spin, ω is the corresponding frequency, ρq is the particle’s charge density
in its rest frame of reference with origin r0, Φ is the electromagnetic field scalar potential associated
with the particle and kc = λ̄−1

c is the wave number characterizing the spin dynamics in the absence
of relative motion. In the particle’s rest frame of reference the oscillation frequency is ωc = ckc and
we have (Pµ) = (h̄kc, h̄k⊥), where k⊥ is the transverse wave vector component, with magnitude
k⊥ = kc

√
1 − α2. Furthermore, we have the continuity equation ∂µ Jµ = 0 and the condition δAµ = 0.

The latter condition points out that the electromagnetic field inherent to the particle is not characterized
by intensity. Therefore, there is a gauge freedom Λµ = Aµ − ∂µΩ, but the Lorenz condition ∂µΛµ = 0 is
trivially satisfied, with Fνµ = 0 for all ν, µ = 0, . . . , 3, where Fνµ = ∂νΛµ − ∂µΛν are the corresponding
electromagnetic field tensor components and Ω is an arbitrary scalar function. In the considered
system, the electromagnetic field do not contribute to the system’s stress-energy tensor. Only in the
presence of additional electrically charged particle the corresponding electromagnetic field will be
characterized by intensity. In the general case of a multiparticle system the total electromagnetic field
four-potential will be a sum of two terms. One uniquely defined with respect to the underlying real
scalar fields and the particles’ characteristic spatial domains and the other depending explicitly on time
and independent on the particles’ dynamics. As a result, the equations of corresponding electrodynam-
ics will include the homogeneous Maxwell’s equations and those satisfied by the scalar fields inherent
to each particle, with no necessity of solutions describing advanced and retarded electromagnetic field
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potentials [63–66]. At large distances the scalar potentials will resemble the Coulomb one only that the
inhomogeneous electromagnetic field equations will be redundant.

Representing the Lagrangian from Equation (8) in terms of the particle’s rest mass and the
stationary spin-zero fields, we have

L =− mc2γ−1 − 1
2γm

(
h̄2∂µψ · ∂µψ −PµPµψ · ψ

)
− q

γVc
∑

j

∫
Ωc

ϕjd3r

− ς
εo

2γ ∑
j

∫
Ω
(−1)j+1

((
∇ϕj

)2
+ χ2

j ϕ2
j

)
d3r, (9)

where we take into account the relation dτ = γ−1dt, with dt being an infinitesimal time interval in
the observational frame of reference. Here, Ω indicates that the spatial integral runs over the entire
three-dimensional space. The second term on the right hand side vanish and has no contribution to
the Lagrangian and corresponding Hamiltonian. It equals zero, since it does not quantify the particle’s
dynamics but that of its spin angular momentum. It response to variation. Since the dynamics of
considered system is completely determined the components of ψ are represented neither as field
density nor as a series expansion over the particle’s momentum space.

3.2. The Hamiltonian

Since the scalar fields describing the particle’s intrinsic environment do not propagate indepen-
dently from it, the system’s generalized momentum is related only to the particle’s relative motion.
The system’s Hamiltonian reads

H = vi
∂L
∂vi

− L. (10)

Here, for convenience the Lagrangian is written as

L = −
(

mc2 + Σ +Mc2
)

γ−1, (11)

where
Σ =

1
Vc

∑
j

∫
Ωc

qϕjd3r, M = ς
εo

2c2 ∑
j

∫
Ω
(−1)j+1

((
∇ϕj

)2
+ χ2

j ϕ2
j

)
d3r, (12)

are the particle’s self-interaction energy (see Equations (3) and (4)) and the effective rest mass quan-
tifying the contribution of the particle’s inherent environment into the system’s total rest energy,
respectively. Accordingly, taking into account Equation (3), from Equations (10) and (11) we obtain the
Hamiltonian

H = γMc2 + γMc2, (13)

where M = (1 + a)m is the particle’s effective rest mass and 2M = mςrc(1 + α2)2(χ2 + χ4). The
vacuum energy is represented by the term γMc2, with effective rest mass distributed in space in
accordance to Equation (12), where the coefficients (−1)j+1 ensure the integral is finite. In the case
of an antiparticle, ς = |ς|, showing that as an isolated system an antiparticle will be energetically
disadvantageous than its matter counterpart for which ς = −|ς|. Therefore, the energy gap between a
system composed of particle and that composed of its antiparticle is 2aγmc2, such that in the case of
particle the Hamiltonian in Equation (13) reduces to H = γmc2. In the absence of electric charge the
scalar fields vanish and the Hamiltonian in Equation (13) represents only the relativistic energy γmc2

with no energy gap underlying the discussed particle-antiparticle asymmetry.

3.3. Field Equations

The explicit representation of vector function ψ and the calculation of self-interaction energy
along with the effective mass term given in Equation (12) follows the solution of Euler-Lagrange
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equations derived from the variation of action given in Equation (8). We have two independent groups
of equations. The first group represents the equations of motion

h̄2∂µ∂µψ + PµPµψ = 0, (14)

with the Lorenz condition ψ · v = 0. Respecting all imposed constraints, the solutions of Equation (14)
are obtained as a superposition of two polarization states,

ψj = − ij+1
√

2

(
e

i
h̄ P

µxµ n∗
± + (−1)j+1e−

i
h̄ P

µxµ n±
)

, (15)

where for all k ̸= j = 1, 2, we have the constraints ψk · ψj = 0 and |ψj × ψk| = 1, n± ∈ C3 are the
polarization vectors satisfying n± · n± = 0 and n± · n∗

± = 1. The star symbol indicates complex
conjugate and we further have

n+ =

(
1√
2

,
i√
2

, 0
)

, n− =

(
1√
2

,− i√
2

, 0
)

.

Both polarization vectors satisfy the condition n± · v = 0 appearing analogous to the Lorenz condition.
The second group is a system of homogeneous screened Poison equations satisfied by the given

real spin-zero fields,
∆ϕj − χ2

j ϕj = 0, (16)

with the parametric and boundary conditions

∑
j

qϕj(r) =


0, m = 0
0, r → ∞

rc

m
(

PµPµ + PµPµ

)
∑

j
χj, r → 0

.

For all md, the given conditions reduce the system of equations (16) into two Laplace and two homoge-
neous screened Poison equations, with solutions

ϕj(r) = (−1)j+1 q(1 + α2)

4πεor
e−χjr,

where χ1 = 0, χ3 = 0 and χ2 ∈ R>0, χ4 ∈ R≥0, respectively. The representation of both non-zero
scaling parameters follows the principal formulation given in Equation (3) yielding the superposition
in Equation (5), with χ2 = χ and mχ4 = mdχ. The particle’s charge appears as a particular upper bond
on the superposition of all scalar fields and reads

q =
4πεo

(1 + α2)(χ2 + χ4)
∑

j
ϕj(r)|r→0 .

Expressed in position space the superposition in Equation (5) may be viewed as a generalized
Coulomb potential with regularized singularity at r → 0. The regularization terms are parametrized
by unique to the particle bounds on the corresponding momentum space representing the scaling
parameters χ2 and χ4. In other words, we have the Fourier transform

ϕ(r) =
q(1 + α2)

εo(2π)3

∫
d3κ

eiκ·r

κ2

[
χ2

2
(κ2 + χ2

2)
+

χ2
4

(κ2 + χ2
4)

]
,

with two regulators [53,67–69] enclosed in the rectangular brackets and leading to the Yukawa poten-
tials ϕ2(r) and ϕ4(r).
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3.4. The Particle’s Spin

Geometrically, the solutions given in Equation (15) represent two orthogonal unit vectors rotating
about the axis of particle’s propagation and underlie the dynamics of transverse spin angular momen-
tum components. Accordingly, the particle’s spin angular momentum s ∈ R3 is precessing about the
origin of particle’s rest frame of reference, with symmetry axis coinciding with that of the particle’s
relative motion and with energy distinct from the relativistic energy. The angle of rotation of transverse
spin components is φ = h̄−1Pµxµ, where (xµ) = (ct, xi) is the corresponding four-position vector. In
the case of right circular polarization (see Figure 4) the helicity is positive and vice versa. Therefore,
the spin angular momentum can be expressed as a linear combination of solutions given in Equation
(15) and their cross product. We have

s =

√
s
2

h̄ψ1 +

√
s
2

h̄ψ2 + sh̄(ψ1 × ψ2), (17)

where s is the corresponding spin quantum number. With x3 selected as the symmetry axis, or |v| = v3,
from Equation (17) one gets

s =

(√
s
2

h̄(cos φ − sin φ),±
√

s
2

h̄(sin φ + cos φ),±sh̄
)

, (18)

where s2 = h̄2s(s+ 1) and s ·v = ±sh̄|v|. Here the plus and minus signs stand for positive and negative
helicity, respectively. Furthermore, the plus-minus sign subscript label on the vector is omitted for the
sake of clarity. Within the presented framework and considered system the spin angular momentum is
a constant of motion and hence represents the considered system’s total angular momentum. The result
given in Equation (17) is related only to the case of spin-half and spin-one non-composite particles,
where giving the functions in Equation (15) particular amplitude and considering a collection of such
particles, we can transit to quantum theory by applying the occupation number scheme. Let us point
out that from Equation (14) and all given constraints follows the equation c∂0ψ1 − ωψ2 = 0. Therefore,
by applying the substitutions ψ1 → ψ and ψ2 → ω−1ψ̇, we can reimpose the intrinsic quantities such
as the field vector, tangential and angular velocities presented in Refs. [52,53].

x1

x2

x3

s2

s1

s3

s

s⊥

(a)

s⊥

(b)

Figure 4. Geometric representation of the spin angular momentum dynamics. (a) Sketch of precessing about
the axis of propagation spin angular momentum given in Equation (18). The respective helicity is positive. (b)
Exposition of the corresponding right circularly polarized transverse spin component s⊥ = s1 + s2 along with the
two plane projections representing plane waves.

The oscillation energy underlies the spin angular momentum dynamics and is necessary for
the derivation of Equations (1) and (2). Its introduction allows to distinct the representation of four-
momentum (Pµ) and (Pµ) when transitioning to quantum theory. As the particle is propagating with
four-momentum (Pµ) and its spin angular momentum is precessing about the axis of propagation with
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four-momentum (Pµ), the system under consideration may apparently demonstrate simultaneously
point-like and wave-like behavior. Since the ratio between the invariants PµPµ and PµPµ is constant
equal to α2 and neither the spinor fields nor wave functions that may approximately describe the
considered system within quantum theory are observables, with a convenient normalization the four-
momentum operator (ih̄∂µ) can be quantitatively associated to both (Pµ) and (Pµ). However, since
the particle’s four-momentum accounts for only the relative motion of its rest frame of reference with
known position vector, the qualitative approach would require to set Pµ → P̂µ ≡ ih̄∂µ, with energy
and momentum uncertainties related to the system’s oscillation dynamics and not its relative motion.
The particle’s orbital angular momentum related to its relative motion, like in a cyclotron, will have
continuous eigenspectrum. On contrary, the orbital angular momentum associated to the system’s
oscillation dynamics may be characterized by a discrete eigenspectrum, like in atoms. Therefore, while
preserving the principles of relativity the oscillation energy can be quantized allowing to reproduce
the energy spectrum of a quantum system without losing locality. Moreover, the invariants PµPµ

and PµPµ can be related to different metric in R1,3. In case the particle has no electric charge, like a
neutrino, the invariant PµPµ vanish and as a propagating wave the neutrino will appear massless
even if it is characterized by rest mass.

3.5. Multi-Particle System

Consider a system composed of multiple unbound particles each described by the action given in
Equation (8) when considered as isolated. The particles interact electromagnetically with interaction
underlined by the superposition of all real scalar fields associated to the particles. The equations of
motion of an arbitrary particle in the system can be derived from the corresponding action. The latter
reads

S =− mic2γ−1
i

∫
dt − 1

2γimi

∫ (
h̄2∂

µ
i ψi · ∂iµψi − α2m2

i c2ψi · ψi

)
dt − qi

γimi

∫
Pµ

i Aiµdt

+ ςi
εo

2c

∫
(−1)j+1

(
∂µϕij∂µϕij − χ2

ijϕ
2
ij

)
d4x − 1

4cµo

∫
Fνµ

i Fiνµd4x, (19)

where standard summation convention is used for all repeating indices, the i-th particle characteristics
and associated quantities discussed in details in terms of Equation (8) are labeled by the corresponding
subscript, on the understanding that ∂0

i ≡ ∂0. The last term on the right hand side in Equation
(19) accounts for the electromagnetic field’s energy, with corresponding tensor components Fνµ

i =

∂ν
i Aµ

i − ∂
µ
i Aν

i . The electromagnetic field is locally emergent and does not occur in the space between
the particles and independently of their configuration in space. Accordingly, the four-potential do not
depend explicitly on time and is not an independent variable in the corresponding Lagrangian density,
only the real scalar field are. For all j = 1, . . . , 4, the number of scalar fields ϕij equals the number of
particles. Here, we take into account that the i-th particle’s space-time interval reads dsi = cγ−1

i dt.
Moreover, we have

Aµ
i =

Φi
mic2 Pµ

i , Φi =
1

Vci
∑
n,j

∫
Ωci

ϕnjd3r,

where n runs over the number of all particles and for all i the electromagnetic field scalar potential
depends on the coordinates of all particles. The equations of motion describing the i-th particle
dynamics follow from the variation of first and third terms on the right hand side in Equation (19) with
respect to the particle’s position in space-time. For all i the variation of second and fourth terms leads
to Equations (14) and (16), respectively. From the variation of fifth term follows the homogeneous
Maxwell equations which are trivially satisfied since the four-potential does not depend explicitly on
time.
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In particular, accounting for the relations micδdsi = Pµ
i δdxiµ and δAiµ = ∂iν Aiµδxν

i , from the
variation of first and third terms in the action (19), we obtain the equations of motion

dPν
i

dτi
=

qi
mi

Fνµ
i Piµ, (20)

where τi is the i-th particle proper time. The spatial component of the four-force given in Equa-
tion (20) is the Lorentz force known from electrodynamics [65]. In particular, for ν ̸= 0, we have
Fi = qi(Ei + vi × Bi), where Ei and Bi are the electric and magnetic intensities, respectively, of the
electromagnetic field at the origin of i-th particle rest frame of reference. Moreover, taking into account
the relation δ(Fνµ

i Fiνµ) = 4Fνµ
i δ∂iν Aiµ from the variation of the fifth term we get the covariant form of

corresponding homogeneous Maxwell equations, ∂iνFνµ
i = 0.

Let us point out that electrodynamics suggesting a description of the considered system on a
macroscopic level results as an approximation to the presented theory. The approximation requires
removal of the second and forth terms in the action (19) and transitioning to effective macroscopic
electromagnetic field with a single four-potential and tensor. Such a transition, however, will reimpose
the use of renormalization procedures once the quantum counterpart of the field is considered.

4. Atomic Energy Spectrum
The energy underlying the particle’s spin angular momentum dynamics and representing the

temporal component of four-momentum (Pµ) is dependent on the particle’s relative motion but the
corresponding rest energy mα2c2 is invariant. Within such consideration, it is expected that under
the action of external fields the particle gains additional oscillation energy related to the occurrence
of orbital angular momentum and corresponding to more complex dynamics. Thus, depending on
the type of interaction the resulting oscillation dynamics may be characterized by discrete energy
spectrum. Prominent examples of such systems are atoms with atomic shells representing different
mode of oscillation. The corresponding oscillation energy is quantized with respect to the invariant
m−1PµPµ = mα2c2.

Within the framework of all previous considerations and by analogy to Equation (14) the atomic
energy levels and corresponding orbital angular momentum are obtained after considering the Klein-
Gordon equation

Ψ∗ · ∂µ∂µΨ +
1
h̄2

(
PµPµ − 1

s

∞

∑
n=1

(−1)n(2n!)
4n(n!)2(mc)2n−2

[
ηPµPµ +

m
s

∫
Ω

JµBµd3r
]n
)

Ψ∗ · Ψ = 0, (21)

where Ψ ∈ L2(R1,3,C3), η ∈ R and (Bµ) is the effective electromagnetic field four-potential associated
to the nucleus. The vector functions Ψ = Ψ(xµ) and ψ = ψ(xµ) differ by a complex amplitude
A(xi) = ψ · Ψ describing the atom’s spatial properties, with A ∈ L2(R3,C). As a result, Equation
(21) reduces to a system of two equations. One describing the dynamics of transverse spin angular
momentum components (see Equation (14)) in the absence of relative motion and a Helmholtz equation
satisfied by the given amplitude yielding the atomic energy level sequence in the absence of fine and
hyperfine structures. We have

h̄2∂µ∂µψ + PµPµψ = 0,

∆A +
m2c2

sh̄2

∞

∑
n=1

(−1)2n(2n!)
4n(n!)2sn

(E − U)n

mnc2n A = 0,
(22)

where we take into account that ψ · ∂µψ = 0, ∀ µ,

E = − s
m

ηPµPµ, U =
∫

Ω
JµBµd3r.
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Here, E is the total energy of the oscillator, with potential energy U = U(r) selected to be of Coulomb
type and similarly to the condition after Equation (18), we have the constraint s · e = ±sh̄ that fix the
spin angular momentum transverse components with respect to the radial unit vector e. Let us note
that Equation (21) reduces to Equation (14) at the limit r → ∞ for which U → 0 and η → 0.

For n = 1 the second equation in (22) reduces to the Schrodinger equation describing non-
relativistic atomic energy spectrum (see also Ref. [52]) with solutions being orthogonal polynomials
A → Anlml

= RnlY
ml
l , where Rnl are the radial wave functions, Yml

l are the spherical harmonics,
n ∈ N+, l = 0, 1, . . . , n − 1 and −l ≤ ml ≤ l are the main, orbital and magnetic orbital quantum
numbers, respectively. For more details on the atomic energy spectrum in the absence of fine and
hyperfine structures the reader may consult Refs. [70–72]. The obtained solutions yield the non-
relativistic energy spectrum E → En for η = n−2. Reproducing the energy spectrum at relativistic limit
is feasible for n > 1.

5. Summary
The devised mathematical framework with action given in Equation (8) abides by the principles

of theory of relativity and presents a completely different picture about the electromagnetic vacuum
and particle’s self-interaction from that established in the quantum theory. It yields non-Maxwell
divergence free field equations (see Equation (16)) and set of transcendental equations (see Equations
(1) and (2)) allowing researchers to calculate the anomalous g-factor of the charged leptons with
remarkable accuracy, see Figs. 2 and 3. Equations of motion (see Equation (14)) describing exactly
the particle’s spin angular momentum dynamics are also derived shedding light on the apparent
wave-like behavior associated with the particle. The reported results show that a vacuum composed
of four stationary real scalar fields can provide a complete description of the elementary particles
self-interaction and anomalous magnetic moment. What is intriguing is that the field part of the action
in Equation (8) appears to have no underlying symmetry. It is either not symmetric by origin or a
broken underlying symmetry is not apparent within the given representation. Looking forward, the
identification of such a symmetry along with the mechanism breaking it would be a significant step
in uncovering more about what may lies beyond SM. Certainly, with no embedded gauge symmetry
the corresponding Lagrangian (see Equation (9)) cannot be canonically related to the one in quantum
electrodynamics. In deriving Equations (1) and (2) neither the particle’s inherent electromagnetic
field is time and spatially dependent gauge field nor a spinor field is required to map the considered
particle’s dynamics and that of its spin. The electromagnetic field potentials are uniquely defined and
no coupling between the underlying real scalar fields and a spinor or other fictitious field is required.
The presented theory is singularity free and the energy scale is fixed with respect to the particle’s
invariant mass. Accordingly, no renormalization procedure follows, notions like bare mass, pole mass
and running parameters have no basis.
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