Potential Applications to Fusion Research

Fusion Reactions and Wave Geometry

In QWST, nucleons (protons and neutrons) are modeled as self-sustaining, standing-wave
structures. Fusion occurs when these wavefields overlap sufficiently to overcome the nucleon
stabilization ratio g5 threshold (akin to the Coulomb barrier in standard physics). Rather than
relying on probabilistic wavefunctions, QWST frames this barrier as a wave—interference
challenge—do the nucleon waves reinforce each other to provide a minimum “action” path of
constructive interference to provide “tunnel” energy to reach the fusion radius?

Sources of Energy Amplification:

Since QWST reframes the probabilistic explanation of quantum tunnelling with the
deterministic nature of wave interactions, the goal is to understand the source of the “missing”
energy that represents the difference between the “raw” energy required to fuse nucleons and
the energy actually available during the fusion reaction. We will examine this by:

e Analyzing the QWST fundamental constant, the Nucleon Stabilization Ratio (g5) which
provides new insight into the Coulomb Barrier and nuclear forces,

e Examining the maximum energy density (P,) gradients to provide deeper insight into the
dynamics of fusion reactions, and

e Using fundamental relationships derived from QWST principles to define fusion
geometry more explicitly.

To model fusion reactions in more detail, we will introduce a QWST-based fusion coefficient to
account for the potential wave-structure effects, where Q5 will represent the product of these

effects Qx = (Qq) - (Qr) - (@) - (Q1) - (Qp).

Deriving a Coulomb Barrier Equation

Standard fusion physics defines the Coulomb barrier as the electrostatic repulsion that nuclei
must overcome. In QWST, the barrier emerges from the interplay of core wave energy,
pressure gradients, and resonance conditions. By integrating the energy stored in each
nucleon’s spherical shells, one can derive an effective barrier energy—typically in the MeV
range. From Part VIII we obtained a QWST version of the Coulomb barrier energy:
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This Leads to a surprising relationship between Ey, E; and N:

This relationship successfully yields both the Coulomb barrier (N = 1) and the Bohr radius (N

ER = Ec/N

80,000), as detailed in Part VIII.

Constants:

ER (energy required to reach separation distance R = Nry)
E. =1.746 x 1071 | = 1.0897 MeV
(with R = 1ry instead of the commonly cited 1.44 MeVwhere R = 1 fm)

A= 16(mw?-8)
372

Py = 5.158515 x 1035 Pa (maximum stable energy density in nucleon core)
To = 6.607241 X 107® m (radius of nucleon)

a~! = 137.036 (inverse fine structure constant)

R = Nr, (Separation radius in terms of r,. N = 1r, for E.)

~ 1.010296 (dimensionless wave geometry constant)

The following conceptual illustration shows the derived separation at Ez ~ 0.1 MeV
providing a geometrical framework for understand fusion reactions. Given the success of
QWST derivations, advanced modeling techniques may provide key insights into fusion.
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Determining Wave Geometry and Enhancing Tunneling Probability

QWST posits stable nuclear structures form within the quantum wavespace with a core (the
"C-sphere) and spherical “reaction shells” forming every 27, (the distance from node to node,
2 the fundamental wavelength). This precise geometry—how far shells extend and how they
overlap—determines the conditions for fusion. Quantum tunneling, in this context, is
understood as constructive interference of the physical wave structures that can overcome
the Coulomb barrier if resonance is sufficiently strong.

Using the relationship Ex = E;/N with Ex ~ 0.1 MeV we obtain a separation of approximately
10 X ry where tunneling becomes significant.

Expanding the Fusion Model with QWST Principles:

We propose incorporating an additional dimensionless factor, Q5, to capture wave—
interference effects not fully described by standard fusion cross-section formulas. These
effects could potentially amplify or modulate the reaction rates under specific resonance
conditions. The standard fusion reaction rate is given by:

R = nyn,(ov)

We introduce an additional coefficient Q5 to the reaction rate formula to represent the
potential influence of various quantum wavespace effects:

R =nyny(ov) - Qs

Qs will account for several effects that may potentially increase (or decrease) the reaction
coefficient:

Qr= <QG> ’ (QR) ’ <QB) ’ (QI) ’ (QD)

We will examine the potential effect of each factor:

Factor | Description
(Qg) | Wave Geometry (fundamental nucleon structure)
(Qr) | Resonance Alignment (frequency matching conditions)
(Qp) | Magnetic Field Influence
(Q;) | RF/Microwave Injection (external wave-driven energy input)

(Qp) | Density Driven Coincident Interactions (wave interference effects
from “spectator” nucleons)
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This formulation uses multiplication, reflecting that each factor independently influences the
fusion probability. While this product form is a good starting point given current understanding,
this model remains flexible. Should experimental data or more rigorous derivations suggest that
the effects combine in a more complex (additive, etc.) manner, the formulation can be
adjusted accordingly. For now, the product form succinctly captures the idea that multiple
independent wave-resonance influences can modulate additional energy for fusion reactions
to overcome the Coulomb barrier. We will discuss each factor to provide a framework for
further investigation.

Nucleon Wave Geometry (Q;)

In order to describe the complex geometry of the wave-structures of the nucleus under the
dynamic conditions of fusion reactions, high performance computing (HPC) will be required.
Obtaining realistic results requires modeling the range of physical constants—from pressures
on the order of 103°, the nucleon scale of 10716, and the complex multi-boundary wave
interactions within a large enough representation of quantum wavespace with frequency of
1023 —which is computationally challenging.

The illustration of two nucleons interacting

(at the estimated distance achieved

without quantum tunnelling) shows

concentric circles at increments of 4 full : AN

wavelength or r,. The wave patterns will ¢) £

balance constructive and destructive '

interference, except at the “reaction

volume” created by the boundary condition

at the nucleon C-sphere (radius r,). QWST

derives gs to represent the complex series of reflections that result in the large accumulation
of energy, this “reaction cylinder” corresponds to the Coulomb Barrier, and provides a physical
framework for modeling.

The illustration shows the hypothetical configuration of a Deuterium—Tritium (D—T) Fusion
Reaction. The configuration is based on the strict resonance requirement within quantum
wavespace, and a possible model of a neutron. The cylindrical reaction volume emerges from
the reflections at the C-sphere projected area. Modeling these interaction using HPC and
QWST Principles can potentially provide deeper insight into the physical mechanisms of
guantum tunnelling, and perhaps reveal additional ways to exploit certain geometries.

Wave resonance alignment effects (Qy)
Represents dynamic conditions for resonance between external fields or particle motions and
nucleon wave frequencies. Unlike (Q.), which considers static geometry, (Qg) captures the
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transient alignment conditions necessary for resonance events during fusion (such as creating
constructive interference due to manipulating frequencies or phases).

Since wave-driven fusion relies on energy transfer between oscillating fields, resonance
alignment can significantly enhance fusion rates. This resonance condition can be quantified
by comparing the fundamental nucleon wave frequency (from QWST) to the plasma oscillation
frequency. The plasma frequency, a standard plasma parameter, is defined as:

— [he2
w, = /ne?/eyme

where:
e n = Plasma density (particles/m3)
e ¢ = Electron charge (1.602 x 107*° ()
e ¢, = Vacuum permittivity (8.854 x 10712 F /m)
e m, = Electron mass (9.109 x 10731kg)

The fundamental nucleon wave frequency from QWST is:

For unit consistency, define the angular nucleon frequency as:

nC
0)0 = Zﬂfo = F
0
where:
e ( = speed of light (3.00 x 108 m/s)

e 1, = fundamental wavespace radius (0.8 fm = 8.0 x 10~ m)

The resonance alignment factor (Qg) captures how closely the plasma frequency aligns with
the fundamental nucleon resonance frequency from QWST. A straightforward formulation is

given by:
Qp) = 1+kR<w—0) - 1+kR( Py )
where:
e kg is aresonance scaling constant determined empirically or via computational
modeling.
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e Atresonance, where (w, = wy), the enhancement is clearly maximized at (1 + kg).

This simplified relationship clearly demonstrates that achieving resonance alignment (matching
plasma and nucleon frequencies) significantly enhances fusion reaction probabilities. Due to
the very high fundamental frequency (fy ~ 1023 Hz), perfect resonance is technologically
challenging, yet even partial alignment at lower resonant frequencies may provide considerable
practical benefits.

Magnetic field effects (Qp)

The magnetic field within fusion reactors significantly influences nucleon wave behavior. Under
Quantum Wavespace Theory (QWST), a magnetic field modifies resonance conditions by
affecting the Larmor frequencies of charged plasma particles. Specifically, the alignment of
nucleon waves and the effectiveness of constructive interference are sensitive to variations in
magnetic field strength (B).

Based on preliminary empirical comparisons, a simple initial formulation for this factor is:
(Qg)=1+4+0.1(B-5)
Where:

e (B) isthe magnetic field strength in Tesla (T).
e The optimal reference value (~5T) is determined by experimental fusion conditions.

With rigorous analysis of fusion data, we may determine an optimal value where stronger or
weaker magnetic field strength may progressively reduce the effective resonance alignment,
decreasing reaction efficiency. This suggests an important design criterion for reactors aiming
to optimize magnetic fields for enhanced wave-driven fusion rates.

Wave Injection Influences (Q,)

Injecting electromagnetic waves (RF or microwave) into plasma represents a direct method of
adjusting and enhancing nucleon wave alignment and resonance based on the QWST
concepts. Such wave injections may improve resonance coherence, and effectively reduce
(Q,), potentially increasing the likelihood of fusion reactions exponentially.

A simplified representation of this wave injection enhancement is:
(QI) = e(_PRF/Z)

Where:
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e (Pgp) represents the RF or microwave injection power (normalized or scaled based on
experimental calibration).

Higher RF/microwave power (Pgr) may significantly improve resonance alignment by
energizing specific wave harmonics, dramatically enhancing fusion probability, and highlighting
a potentially efficient approach to resonance optimization in practical fusion devices.
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Density Driven Coincident Interactions (Qp)

Quantum Wavespace Theory (QWST) provides a unique perspective on nuclear fusion by
explicitly incorporating wave-interference phenomena among nucleons. While standard fusion
theory accounts for particle density primarily through collision frequencies (the nyn, terms),
QWST introduces an additional density-driven enhancement factor, denoted as

(Qp). This factor captures coincident wave interactions, coherence effects, and collective
phenomena that traditional kinetic collision models do not describe.

Specifically, QWST proposes that at sufficiently high densities, nucleons do not merely
collide—they can constructively interfere through their wave patterns, creating regions of
enhanced reaction probability or effectively lowered "action barriers" for fusion events.

We propose that (Qp) can be clearly separated into two interpretable components, which,
when combined, yield the overall density-driven coincident interaction factor:

(Qp) = Pp X Py

1. Statistical Probability Component (Density-based proximity):
A suitable statistical model based on a cumulative Poisson-type distribution describes the
baseline probability ( Pp) of having three or more nucleons simultaneously positioned within
the required reaction radius (R):
(nVR)Z

2

PDzl_e_nVR 1+(nVR)+

Where:
e nisthe local nucleon density.
e R = N, - 4r,is the cylindrical reaction volume between nucleons.
e N, defines the reaction radius, where N, is the critical shell number (2940) defining the
radius at which the kinetic energy balances the stored field energy according to the
stabilization factor g5.
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2. Wave Interference Enhancement (Catalytic Component):
The second factor, Py, quantifies enhanced fusion probability specifically due to constructive
wave interference among coincident (“spectator”) nucleons. A practical simplified form for

initial evaluations is:

PM=1+aD<

Where:

n)ﬁ
Nyef

e nisthe local nucleon density in the plasma.

e 1,iS a standard reference density, typically about 102° m=3 for reactor plasmas.

e apand B are dimensionless empirical parameters determined from computational
modeling and validated by experimental data.

This catalytic factor introduces the novel idea
that fusion reaction rates might be
significantly enhanced by deliberately
introducing neutral catalyst ions or particles
into fusion plasmas. These catalysts would not
directly undergo fusion themselves but would
modify local wave interference conditions,
effectively lowering the energy barrier for
fusion events.

If supported by detailed computational
modeling and experimental verification, this
density-driven, wave-based catalytic approach
could significantly improve plasma
optimization strategies, potentially offering a
cost-effective path toward controlled nuclear
fusion.
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lllustration showing three nucleons, with two traveling along
an axis where they will collide, and the third “catalyst” within
close enough proximity to interfere with the cylindrical
“reaction volume” that contains the repelling force between
the other two.




Final Conclusion & Future Directions

We have described a potential refinement of fusion probability by introducing Q5 based on
QWST first principles, which theoretically arises naturally from plasma resonance conditions.
Further refinement (e.qg., developing a full wave-based PDE model) is needed to confirm these
relationships may provide predictions under actual plasma conditions. Ideally, if analysis
suggests that QWST has indeed refined a structural understanding of nuclear interactions,
experimental investigations that systematically vary plasma density, magnetic field strength,
and RF injection frequencies could provide techniques for improving the efficiency of fusion
reactor technology by revealing a resonance-induced drop in ignition thresholds relative to
standard thermal models. We share our preliminary findings with collaborators to explore these
avenues, and further refine the QWST model if it continues to yield compelling results.
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