The Propagating Bosonic Wave as an Effective Mass Reducer
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We propose a non-perturbative theoretical framework introducing a reduced scalar boson field
¢ that couples to matter fields to dynamically reduce their effective mass, thereby facilitating the
penetration of the Coulomb barrier in sub-Coulombian regimes. The model defines a non-local
gauge space that modifies the Klein-Gordon propagator through an infinite series of higher-order

derivatives anchored to the ground state.

The variational derivation yields the exact equations

of motion for the alpha particle, the electron, and the mediating field. Furthermore, Feynman
diagrams demonstrate that the boson’s self-interaction is strictly required to stabilize the coherence
bridge against dissipation. The framework is phenomenologically closed by a generalized Schrodinger
equation wherein the localized mass reconfiguration compresses the Gamow integral, predicting
enhanced low-temperature tunneling within condensed matter lattices.
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I. INTRODUCTION

Nuclear tunneling is a cornerstone of stellar astro-
physics and fundamental nuclear dynamics; however, its
transition probability at low kinetic energies is classically
suppressed by the repulsive Coulomb barrier. This severe
suppression historically establishes a baseline threshold
that limits nuclear interactions in low-temperature en-
vironments, leaving open questions regarding anomalous
screening effects observed within condensed matter en-
vironments. While Marcus Theory successfully formal-
izes macroscopic electron transfer processes via quantum
tunneling, it remains strictly non-applicable to nuclear
multi-body configurations. In this work, we investigate a
novel, non-perturbative screening mechanism occurring
within strongly correlated, thermodynamically isolated
quantum systems. We introduce an effective framework
driven by a reduced scalar boson field (¢) which, instead
of mediating a traditional linear spatial force, directly
alters the underlying local vacuum topology and modi-
fies the wave functions of the interacting fields. This in-
teraction drastically enhances spatial overlap and quan-
tum phase coherence, significantly increasing the tun-
neling probability at energy scales previously considered
sub-Coulombian and prohibitive. The fundamental field-
theoretic properties and the microscopic Lagrangian of
this reduced scalar boson will be detailed in the subse-
quent sections through the lens of effective field theory
and algebraic symmetry constraints.

II. THE SCALAR BOSON AND ITS
INTERACTION MECHANISM

We introduce a zero-spin scalar boson ¢, distinct from
Standard Model particles, that modifies particle behavior
— specifically mass and inertia — rather than mediating
a traditional linear force. Operating through quantum in-
terference, the boson reshapes the wave functions of the
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electron (¢.) and the nucleus (¢), modifying their ex-
tension and phase. This field obeys a non-linear geomet-
ric auto-consistency condition within the phase horizon,
forcing the particles to be ”in phase” and enhancing their
interpenetration. Rather than behaving as a free asymp-
totic excitation, the field propagates through a modified
non-local operator derived from the system’s underlying
gauge group. Consequently, a localized effective potential
emerges in the overlap regions, transforming the electron
into an active participant in the nuclear process and di-
rectly facilitating the overcoming of the Coulomb barrier.

III. INERTIA MODIFICATION AND
FACILITATION OF TUNNELING

The interference and coherence that develop between
the electron and the nucleus mean the electron becomes
a fundamental part of the fusion reaction. These two
aspects automatically lead to a reduction in the particles’
mass, and by reducing the mass, traversing the potential
barrier becomes significantly easier.

IV. FIELD EQUATIONS AND LAGRANGIAN
DYNAMICS

The proposed model adopts the Quantum Field The-
ory (QFT) formalism, treating particles as field excita-
tions. To overcome the Coulomb barrier at low energies,
we introduce a scalar bosonic mediator, ¢, that modi-
fies the intrinsic properties of the reactants. The core
of this mechanism is the total Lagrangian density Lio¢.
This Lagrangian is constructed to satisfy fundamental
invariance requirements while describing the energy and
momentum exchange between the leptonic sector (elec-
trons), the hadronic sector (alpha particles), and the me-
diator field ¢
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A. Lagrangian Architecture

The mathematical structure of the Lagrangian is de-
fined by the sum of four fundamental contributions:

£t0t - ‘Ce + Ea + Ed) + £int (1)

Each term represents a pillar of the system’s dynamics.
The choice of a scalar Lagrangian for the mediator ¢ is
motivated by the need for a field that can couple directly
to the mass of the particles, acting as a perturbation of
the energy-momentum tensor.

1. Free Field Sector

The term L. denotes the Dirac Lagrangian for spin-
1/2 fermions, ensuring standard QED dynamics in the
absence of interaction. The L, sector describes the al-
pha particle via the Klein-Gordon formalism; at low-
energy nuclear dynamics scales, the nucleus is treated
as a massive scalar field to isolate effective mass varia-
tions from internal nuclear structure.The £, term defines
the scalar boson dynamics. Beyond the kinetic and mass
(mg) terms, we include a ¢3 self-interaction (\). This
non-linearity allows for solitonic configurations or local
condensates, preventing linear dispersion and creating
high-density interaction regions necessary for inducing
macroscopic effects on the nuclear mass.

2. The Interaction Sector and the Genesis of Coherence

The L;,; term introduces a three-body interaction me-
diated by the ¢ boson. Unlike standard bilinear cou-
plings, this interaction occurs via phase superposition.
The couplings gedete and go¢i2 link the electronic
and nuclear currents to the mediator field, while the
interference term g(z,wgu‘}ewe formalizes a ”Coherence
Bridge.”In this framework, the ¢ field acts as a trans-
ducer, transferring energy from the electronic system to
the nuclear sector. Consequently, the mass term in the
Klein-Gordon sector is redefined from a bare constant
me to an operator dependent on the ¢ field state. This
bosonic reconfiguration of the effective mass renders tun-
neling a kinematically favored process, effectively collaps-
ing the repulsive Coulomb barrier.

8. The Lagrangian of the system

In this sub.section we introduce the formal langragian
model of the system:
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In the previous equation, we have defined the formalism
of interaction. The Lagrangian includes different terms:

o L= %(3;/%)2 - %(ma +g¢o¢¢)2¢c2x This term rep-
resents the fundamental interaction between the «
particles and the scalar boson field. To describe
the dynamical mass reduction, we have employed
a scalar-scalar coupling mechanism. Within this
framework, the interaction with the ¢ field leads to
a shift in the particle’s energy momentum relation,
effectively reducing the inertial mass of the a parti-
cles through the scalar-mediated field interference.

o Lo =1c(iv"0, — (Me+ gepd)) This term represents
the interaction between the electrons and the scalar
boson field. We employ a Yukawa-style coupling
to describe the dynamical modification of the elec-
tron’s effective mass, expressed as m} = me + ge .
This term is crucial for modeling the wave func-
tion overlap and the subsequent enhancement of
the screening effect, which facilitates overcoming
the Coulomb barrier.

o Ly = %(@ngﬁ)? — %miqﬁ This represents the canon-
ical scalar Lagrangian for the proposed boson. It
accounts for the free-field dynamics and provides
the foundational framework for the scalar-mediated
interactions described in this model.

® Lint = —ged(x)Ve(x)e(x) — ga(ﬁ(iﬂ)(ﬁi(lﬂ) - %)‘4254
The interaction terms within the Lagrangian illus-
trate how the coupling of the scalar boson field
modulates the particle’s wave function. This mech-
anism leads to a dynamical reduction of the effec-
tive mass, as the interference between the scalar
field and the matter fields alters the local energy
density and the potential barrier. By shifting
the energy-momentum relation, the ¢ field effec-
tively facilitates the tunneling process through a
re-normalization of the inertial properties of the re-
actants.Furthermore, the quartic term i)\gb‘L repre-
sents the self-interaction of the boson. This term
is fundamental for modeling the non-linear dynam-
ics of the scalar field itself. It describes how the
boson interacts with its own field, creating a self-
consistent potential landscape that stabilizes the



vacuum state. This self-interference not only en-
sures the mathematical consistency of the theory
but also influences how the boson mediates inter-
actions with other particles, governing the range
and the intensity of the scalar-induced effects.

B. Formal Justification of the Bosonic Propagator

We proceed to justify the propagator of the bosonic
field that reduces the effective mass of the particles,
thereby enabling electrostatic screening. We introduce a
non-linear self-consistency condition for the field within
the phase horizon. Equation (1) defines a geometric
fixed-point constraint, wherein the field ¢ generates its
own transition density through the product of its har-
monic components:

o= [ sin(o) cos()as (3)
By solving the integral operator by parts with respect
to the internal phase variable, we derive the stable con-
figuration of the field described by Equation (2), which
expresses the amplitude as a function of the energy stored
in the sinusoidal component:
sin?(9)
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To transition the field self-consistency condition into the
geometric constraints of the crystalline medium, we in-
troduce a formal spatial localization scaling. Rather
than treating the spatial coordinate as a free continu-
ous variable within this sub-sector, we define x = a¢ as a
fixed structural parameter representing the characteristic
length scale (or localized cell radius) of the confinement
lattice site. Consequently, the formal volumetric integra-
tion [ d3z is evaluated over this bounded domain, yield-
ing a constant geometric coefficient 23. This formulation
ensures that the volumetric factor scales the amplitude
of the self-interaction term without introducing a spa-
tial dependence that would conflict with the subsequent
phase transformations.
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To study the infinitesimal spectrum, we define a general-
ized Fourier image transform. Considering that within
the crystalline lattice the phase variable ¢ is linearly
bound to the real space coordinate z through the period-
icity of the medium (imposing the formal metric ¢ = x),
the integration projects the spatial envelope 23 directly
into the momentum space k:
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We map the internal dynamics of the coherent field into
the reciprocal space of the phase configurations. The

(5)
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Fourier transform is strictly executed with respect to the
internal phase variable ¢, while the structural lattice pa-
rameter z3 acts as a frozen external coupling constant
during the integration process. By imposing the bound-
ary resonance condition where the phase oscillation is
strictly locked to the lattice periodicity (¢ = koz), the
resulting spectral density f (k) does not represent a stan-
dard kinematic momentum distribution of a free particle.
Instead, it describes the localized excitation spectrum of
the bosonic bridge, explaining why the geometric volume
23 persists as an amplitude modulator in the discrete
resonant momentum peaks at kK = 0 and kK = £2 This
transform can be resolved using baseline rules, yielding
the following exact solution:

k) =

Through the Dirac delta functions, we can identify the
parameters within which the energy is bounded: k& = 2
and k = —2. To further develop the parameterization of
the bosonic interference wave, we must define its numeri-
cal space of action; to do so, we utilize the field definition
from gauge theory. To identify the fundamental map of
the theory, we refer to the most classical among defini-
tions:
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Defining a generic interaction as a coordinate chart for

the theory, we include the fermionic field and the Klein-
Gordon field within the interaction mechanism:

9= ¢(¢a7 %) (9)

We expand the differentiation independently of the pa-
rameterization, and therefore independently of the field

O, Ve):
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where p(g) is a Haar measure that remains invariant (un-
der Lorentz transformations) under the group actions.
Resolving the integral in Equation (10) will yield a gauge
map specific to this non-local bosonic wave. To achieve
this, we introduce the classical representation equation
for the group invariant within gauge theory:

d(g. ' og)
5 (11)

This relation is based on the assumption that the com-
position § o g = ¢’ is fully invertible. Under these condi-
tions, we can solve Eq. (10); below we report the result-
ing series derived via integration by parts. The complete
derivation will be explicitly shown in Appendix A:

(10)
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The complete resolution by parts within the gauge space
(Eq. 12) generates an infinite series of higher-order
derivatives, where the initial index n = 0 denotes the
anchorage to the ground state of the group. This expres-
sion defines the fundamental non-local map governing the
interaction between the bosonic field and the fermionic
fields of the theory. The map of the theory successfully
provides the action range of the invariant bosonic wave.

C. Derivation of the Equations of Motion

The mathematical rigor of the model is guaranteed by
the fact that every equation of motion is variationally
derived from the total Lagrangian density L;,:. For a
generic field v,, the dynamical evolution is determined
by the Euler-Lagrange equation:
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Applying this operator to the alpha particle field v,
isolates the contributions from the free Klein-Gordon sec-
tor and the interaction terms defined above. Specifically,
the effective mass term (m,, + god(7))? emerges directly
from the functional derivative of the nucleus-boson in-
teraction component L;,; O —ga®1?, coupled with the
bare mass term m22.

This derivation is not merely a formal exercise but rep-
resents the analytical counterpart to the scattering pro-
cesses described by the Feynman diagrams. The result-
ing non-linear term physically expresses how the scalar
boson ¢ ”dresses” the nucleus, modifying its dynamical
response as it approaches the Coulomb barrier.

(13)

1. Equation of Motion for the Alpha Particle

The final equation of motion for the alpha particle
(scalar field), which synthesizes these contributions, takes
the form:

2 2 2 2
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(14)

5 T 5T — Bg? o (x) is the standard ki-
netic term for a scalar field, implying that the alpha
particle propagates as a relativistic wave (propaga-
tion term).
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o (Mo + gad(x))?1e () is the dynamic effective mass
term, implying that the mass is not constant. Thus,
the mass of the alpha particle depends directly on
the value of the field ¢. As the ¢ field increases,
the effective mass changes, creating a potential on
the bosonic field that modifies the particle’s inertia
and behavior.
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® 29,0(2)10 (2)(Ye(z)be(2)) is the term indicating
the three-body coupling involving all three fields.
The alpha particle is simultaneously influenced by
the presence of the bosonic field ¢ and the spinor
field density of the electron.

Through the terms of coherence and superposition, this
equation of motion provides an enhanced representation
of the complex interaction between the ¢ field, the elec-
tron field, and the alpha particle.

2. Dynamics of the Mediating Bosonic Field ¢

The scalar field ¢ provides the mechanism for the tran-
sition from free asymptotic states to collective coherence.
Unlike electromagnetic vector mediators, ¢ interacts di-
rectly with the mass-energy density of the reactants. Its
genesis is linked to high electronic density and lattice
geometry; here, the boson evolves from a short-range ex-
change particle toward a macroscopic field configuration.
Its dynamics are governed by field equations with source
terms from both the fermionic (electrons) and bosonic
(alpha) sectors, reflecting the three-body coupling shown
in Feynman diagrams.The non-linear nature of the boson
Lagrangian, specifically the A\¢> self-interaction, is fun-
damental for field stability and localization. This non-
linearity allows the formation of a local ”condensate”
that catalyzes the reduction of nuclear effective mass.
Without self-interaction, the field could not reach the in-
tensity required to modify the Gamow integral. Once
the fundamental non-local gauge map has been deter-
mined (Eq. 12), it is possible to project the action of
this geometric constraint directly onto the dynamic evo-
lution laws of the system. By introducing the infinite
series of higher-order derivatives as a geometric source
and medium-coupling term, the classical Klein-Gordon
equation of motion for the bosonic field ¢(z) is rewritten
as a non-local differential equation:

o

(T +m2) 6(2) + Ab(x)* = 0 (15)
In this formulation, the summation term Y, 0"¢(x)
inherits the anchorage to the ground state of the gauge
group, acting as an effective confinement potential that
binds the boson’s fluctuations to the geometric periodic-
ity of the lattice.

. miqﬁ(m) is the mass term of the scalar boson field,
which is a function of the field intensity (m = f(¢))
that forms as the interaction progresses.

e \p()3 is the self-interaction term of the scalar bo-
son field.

® go(Mma + gad(x))e(x)? represents the dynamic
mass belonging to the alpha particle, meaning the
boson directly influences the effective mass of the
particle, which in turn depends directly on ¢(z).



Consequently, the mass of the alpha particle and
that of the boson are directly influenced by one an-
other (increasing the potential of the ¢ field).

® (ge + 9o¥a()?)(tbe(x)e(w)) represents the cou-
pling term to the electronic scalar current density,
which is profoundly modulated by the presence of
the alpha particle field. This term highlights that
the interaction between the mediator ¢ and the
leptonic sector is not an isolated process but is
kinematically linked to the spatial distribution of
the nuclei. The g412 component acts as a local
amplification factor: where the density of the ),
field is significant, the coupling between electrons
and bosons is enhanced, fostering the formation of
the condensate necessary for tunneling. Ultimately,
this term formalizes the feedback of the hadronic
sector on the electronic dynamics, closing the co-
herence loop that enables energy transfer across the
various scales of the system.

8. Leptonic Sector and the Non-Linear Dirac Equation

The electron is treated as a spinor field 1. within the
Dirac formalism, immersed in the potential generated by
the ¢ boson. In this coherent system, the electron acts
both as a source for the ¢ field and as a catalyst for
tunneling through wave function overlap with the alpha
particle. This dual role is formalized by a ”dressed” mass
term, where the rest mass m, is perturbed by the g. in-
teraction and the gwﬁi cross-coupling.This configuration
defines the ” Coherence Bridge”: the electron transcends
simple charge shielding to actively participate in the
energy-momentum exchange that reduces the nucleus’s
effective mass. The resulting non-linear Dirac equation
links the lepton dynamics directly to the mediator and
the alpha particle. Derived from the total action, the
equation of motion for the electronic spinor is:

[i’}/“au - (me + (ge + g¢’l/)a(l’)2)¢(z))] 1/}6(1') =0 (16>

e The Kinetic Term iy*0,: Describes the relativistic
propagation of the electronic spinor in spacetime.

e The Dressed Mass me + (ge + got2)¢: This is the
core of the leptonic interaction. The electron’s rest
mass m. is increased (or decreased, depending on
the field’s sign) by two contributions:

— ge¢: The direct interaction with the bosonic
field, as illustrated in the electron-boson ver-
tex.

— g¢¢i¢¢ A higher-order interaction term that
links the electron to the probability density of
the nucleus 92 through the mediator ¢. This
term mathematically formalizes the ”bridge”
required for the transfer of coherence.

e Non-Linear Coupling: The presence of 1, (z)?
within the electron mass operator indicates that the
electronic dynamics are not independent of the nu-
clei’s position. Physically, this means the electron
is ”captured” within the region of influence of the
¢ field generated by the alpha particle, stabilizing
the system during the tunneling process.

D. Perturbed Lagrangian Formalism

To analyze the transition toward the coherent state, we
decompose the total Lagrangian into free and interacting
components. The interaction Lagrangian L;,;, represent-
ing the deviation from asymptotic behavior, is:

0L = —(getbetbe + ga2)p — gedv2er. (17)

This dynamic coupling ”dresses” the bare particles, shift-
ing the pole of the alpha particle propagator and de-
termining the effective mass meff variation. The self-
interaction %(;53 prevents coherence dissipation and gen-
erates the three-line vertices in Feynman diagrams, sta-
bilizing the ”bridge” between the electron and the nu-
cleus. In this framework, fluctuations in the electronic
field under strong g4 coupling trigger the macroscopic
mass reconfiguration necessary for Gamow tunneling.

V. FEYNMAN DIAGRAMS: INTERACTION
REPRESENTATION

The components of L;,; are mapped into Feynman di-
agrams to visualize the microscopic energy exchange and
identify the fundamental vertices. Fermionic lines de-
scribe the electron current, double lines represent the al-
pha particle field, and dashed lines identify the scalar
mediator ¢.These diagrams illustrate the physical mani-
festation of the ” Coherence Bridge.” Specifically, the bo-
son’s self-interaction and its simultaneous coupling with
electrons and nuclei facilitate the energy transfer required
for the effective mass m.ss renormalization. This mech-
anism provides the quantum basis for the Coulomb bar-
rier reduction. The diagrams detail four primary pro-
cesses: leptonic boson emission, nuclear interaction, me-
diator self-interaction, and the combined three-body in-
teraction.



FIG. 1: Leptonic Interaction Vertex g.: Ilustrates how
the local electron density acts as a source for the scalar
field.
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FIG. 2: Alpha Particle-Boson Interaction: Shows the
nuclear ”dressing” mechanism where the reactant’s
mass is reconfigured by the field.

FIG. 4: Self-Interaction Vertex: Represents the non-
linear potential ensuring the field can self-sustain without
dissipating.

FIG. 3: . The “Coherence Bridge”: Represents the
transfer of phase information and potential between the
sectors, formalizing the g4 term.

V1. PHENOMENOLOGICAL MODEL AND
SCHRODINGER EQUATION

To translate the field-theoretic interactions into a mea-
surable phenomenological framework, the non-local dy-
namics of the mediating boson must be projected onto
the non-relativistic quantum mechanical description of
the reactants. The infinite series of higher-order deriva-
tives emersed from the gauge map (Eq. 12) induces a
spatial modulation on the field amplitude, characterized
by discrete resonant momentum peaks at k = 4+2. This
pinning to the lattice geometry directly renormalizes the
inertial properties of the matter fields. By evaluating
the stationary state of the alpha-particle field 1, under
the influence of the non-local bosonic propagator Dy,
the bare mass m, is dressed by the spatial confinement
gradient. The complete Schrodinger equation for the in-
teracting system takes the form:

—LVMV (r)| O(r,t) = ’hﬁq}( t)
Qm(VL) Coulomb\T r, =1 ot T,
(18)

due to the non-local reduction of m*(Vy) in the highly
coherent lattice domains, the spatial extension of the nu-
clear wave function ¥(r,t) expands. This effective re-
structuring of particle inertia significantly compresses the
width of the Gamow integral, rendering tunneling kine-
matically favored and allowing the reactants to overcome
the electrostatic repulsion in sub-Coulombian regimes.

VII. CONCLUSIONS

We have proposed an innovative effective theory based
on a reduced scalar boson field ¢ that couples to matter
fields to dynamically reconfigure their effective mass and
inertial properties, rather than mediating a traditional
linear force. The mathematical and conceptual consis-
tency of this framework relies on the formal derivation
of an un-truncated, non-local gauge map from the inter-
nal phase auto-consistency of the lattice. This algebraic
structure directly modifies the boson’s Klein-Gordon dy-



namics through an infinite series of higher-order deriva-
tive terms anchored to the ground state (n = 0), prevent-
ing coherence dissipation and binding the field’s spectral
delta-peaks (k = £2) to the periodic geometry of the
medium [5].

The resulting dynamic reduction of particle inertia,
formalized through the non-local effective mass opera-
tor in our generalized Schrodinger equation [T}, 2], drasti-
cally enhances nuclear tunneling probabilities at low ki-
netic energies [4]. Unlike Marcus Theory, which remains
bounded to macroscopic electronic transits [6], our ap-
proach elevates the electron to an active, structural par-

ticipant in the nuclear screening process via the cross-
coupling coherence bridge.

The complete alignment achieved between the spec-
tral properties of the Fourier transform, the gauge trans-
formations, and the non-local equations of motion pro-
vides a self-consistent framework for low-energy nuclear
dynamics. This opens new theoretical and experimental
pathways for clean energy production under ambient con-
ditions, framing sub-Coulomb nuclear transitions not as
anomalous violations, but as macroscopic coherent phase
transitions proper to strongly correlated condensed mat-
ter physics [3].
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Appendix A: Derivation of the Gauge Metric

In this appendix, we present the detailed derivation
of the theory’s gauge metric, illustrating how integration
over the group space generates the non-local operator.
Let us consider the initial integral projected onto the
Haar measure p(g) of the gauge group:

/¢(9§1 o g)u(g) dg

To connect the geometry of the group to the continu-
ous spacetime, we express the gauge shift as an operato-
rial transformation driven by the spacetime generators.
We proceed by applying integration by parts iteratively.
For the first order, expanding the mixed term with the
derivative of the transformation with respect to the group
element yields:

/¢> 1o‘q)u(g)dg:

/%

The boundary terms vanish due to the compactness of the
group or the extinction of the field at infinity. Iterating

(A1)

[p(gc " o

the integration by parts n consecutive times, successive
derivatives act on the field, creating a chain structure:

N (D" [ Plgt o)
J ota eomtaran =32 0 [ E g
(43)

At this stage, we project the action of the group coor-
dinates g onto the real spacetime 2. Since the group
measure p(g) is isotropic and invariant, the 2n-th par-
tial derivative with respect to the group coordinate
maps onto the d’Alembertian of real spacetime (O" =
(0"9,,)™), which represents the unique 2n-th order oper-
ator that preserves the Lorentz invariance of the lattice
vacuum. Introducing the dimensional cutoff constant A
to make the operator dimensionless, the expression be-
comes:

> L d(a) = ¥ o(a) (A4)

n=0

We now rewrite the exponential as a generalized sum-
mation for the function, establishing the final equality
between the average over the gauge space and the non-
local operator in real space:

e > 1 0Or
) VAL Yogu(g) =Y 1z o(@)  (AD)

n=0 n=0

The derivation thus demonstrates how the mnon-local
gauge metric emerges directly from the geometric struc-
ture of the group transformations integrated over the
medium.
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