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Abstract 

Considering the uniqueness and simplicity of our 4G model of strong and electroweak nuclear 
binding energy formula, the traditional Coulombic repulsion concept in nuclear binding scheme can 
be reconsidered or replaced by a fundamental electroweak interaction framework. Close to stable 
mass numbers, for medium and heavy atomic nuclides, A and Z being the mass number and proton 
number, approximate formula for nuclear binding energy is, BE={A-0.0016[(A2+Z2)/2]-A(1/3)-0.5}10.1 

MeV where the factor 0.0016   can be considered as the nuclear electroweak stability coefficient. 
Approximate stable mass number associated with any proton number Z can be understood with, 
As=2Z+0.0016(2Z)2. Building on this foundation, the potential mechanism of cold nuclear fusion-
assumed to be governed by strong and weak interactions, can be more effectively explored. 
Continued research may enable the development of clean, green and safe cold nuclear energy 
technologies capable of generating approximately 1 MeV of energy per fusion event. For 
experimental purposes, stable isotopes of light to medium-heavy elements with atomic numbers 
ranging from Z=1 to 30 can be targeted. Material selection point of view, it is expected that, cold 
nuclear material, should have the ability of absorbing hydrogen atoms or neutrons. Upon absorbing 
the hydrogen atom, nuclide experiences isotopic or isobaric conversion, increase in nuclear binding 
energy and increase in nucleons’ kinetic energy. Higher the difference of nuclear binding energy, 
lower the expected thermal energy and vice versa.  In our recent papers, we have taken Iron and 
Magnesium as the cold nuclear fuels. It needs further study.  

Keywords: cold nuclear fusion; nuclear binding energy; 4G model of final unification; strong and 
electroweak mass formula; to review and replace the coulombic term; energy liberation of 1 MeV 
 

1. Introduction 

Nuclear binding energy, a cornerstone concept in nuclear physics, explains the stability and 
reaction energetics of atomic nuclei. The well-established semi-empirical mass formula (SEMF), or 
liquid-drop model, quantifies binding energy with terms representing volume, surface, Coulomb 
repulsion between protons, asymmetry (neutron-proton imbalance), and pairing effects [1–9]. Based 
on our 4G model of final unification, in this work, we are introducing a nuclear electroweak stability 
coefficient to refine the nuclear binding energy formulation. This approach challenges the classical 
view of Coulombic repulsion, presenting nuclear stability as an outcome of unified strong and 
electroweak interactions. Such reinterpretation provides a constructive foundation for understanding 
and advancing cold nuclear fusion theories and technologies [10–16]. 

2. Theoretical Framework 
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While Coulombic repulsion is a long-accepted pillar explaining proton-proton repulsion within 
nuclei, it remains classical and separate from weak/intermediate boson-mediated electroweak forces. 
The physical justification for separating pure electrostatics from weak-force contributions at nuclear 
scales is limited. The 4G model [17–21] seeks to unify these effects, embedding charge repulsion 
effects into a combined electroweak term [22–27] having a very simple form. Our 4G model [17–21] 
introduces a simplified binding energy formula, 

( )
2 2

1 3  0.0016 10.1 MeV
2s

s
s sA

Z ABE A A
  +≅ − −  

  
 (1)

where, (BE)As  is the nuclear binding energy close to stable mass numbers. As is stable mass number, 
Z  is the proton number and 10.1MeV is common energy coefficient connected with our 4G model.  

Here, 
( )2 20.0016 2sZ A +  is the proposed electroweak term and refers to the number of free 

nucleons having no involvement in nuclear binding energy scheme. These free nucleons will not 
participate in the nuclear binding energy scheme. Thus, each free nucleon takes 10.1 MeV from the 
volume energy. Considering the ingoing and outcoming of single free nucleon within the nuclear 
binding energy scheme, an average of 5 MeV can be considered as an inherent electroweak energy.  
In this electroweak term, Coulombic energy part can be expressed as, 

2 20.0016 2 10.1 MeV 0.0008 10.1 MeVZ Z × ≅ ×   . Magnitude point of view, it is far less 

than the traditional, Coulombic term, 
2 1 3 0.71 MeV. Z A ×     

Specifically, this coefficient 0.0016 can be precisely interpreted as the ratio between the rest mass 
of the proton mp, 938 MeV/c² and our 4G model of electroweak-scale fermion, Mwf = 585 GeV/c². This 
mass ratio, (mp/Mwf ) = 0.0016 reflects an intrinsic hierarchical disparity between the relatively low 
mass scale of nucleons bound by the strong force and the much higher mass scale characteristic of 
electroweak physics. It is very interesting to note that with reference to weak interaction, our assumed 
charged 585 GeV fermion is very similar to the modern estimates of dark matter related neutral 
supersymmetric fermion, Higgsino [28–30] of rest mass (1.1 to 1.2) TeV/c². Notably, this mass scale 
aligns with current galactic halo dark matter estimates [31] of (500 to 800) GeV, further bridged by 
the 1.17 electron-related scaling factor [32–35]. Readers are encouraged to refer our recent papers for 
further information [36,37].    

Clearly writing, our assumed charged electroweak fermion mass seems to be equal to half of the 
currently believed neutral Higgsino mass. This mass approximation highlights and quantifies the 
separation of scales between the nucleon masses (~GeV scale) and the exotic electroweak fermions 
(~TeV scale), reinforcing the conceptual foundation of our 4G model in explaining nuclear binding 
energy through connections across these mass scales with various applications [38–40]. Furthermore, 
an alternative but equivalent interpretation identifies this coefficient as the ratio of the geometric 
mean of charged (𝜋±) and neutral (𝜋଴) pion masses (~137.26 MeV/c²) to the geometric mean of the 
weak boson masses (~85.61 GeV/c²). This finely tuned ratio provides a physically meaningful bridge 
between the strongly interacting regime, governed by mesons like pions, and the electroweak sector 
represented by massive gauge bosons 𝑊± and 𝑍଴.   

( ) ( )
( ) ( )

( )
02 2

02 2

938.272 MeV 0.001605 0.0016032 .... say
584725 MeV

p

wf
w z

m c m cm
M m c m c

π π β
±

±

 
 ≅ ≅ ≅ ≅ ≅
 
 

 (2)

Based on this electroweak coefficient 001605.0≅β   and  2 Z×  , nuclear stability associated 
with neutron-proton pairing [41,42] and the required excess neutron number can be understood with 
the simple relation.  
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( )

( )

2 2

2 2

2 2 2 0.00642
2 2 0.0016

42

s

s s

A Z Z Z Z
A Z A Z

ZZ

β

β

≅ + ≅ +
− −→ ≅ ≅ ≅

 (3)

Here it is very important to note that, this expression is independent of the currently believed 
nuclear binding energy formulae and their energy coefficients. For example, considering Z= 21 and 
92, 

( )
( )

( )
( )2 2

45 2 21 238 2 92
for Z=21,  0.0017   and  for Z=92,  0.0016;

4 21 4 92

− × − ×
≅ ≅

In terms of actual stable mass numbers, corresponding proton number can be addressed with,    

2 321 1 0.00 0.0154 36
AsZ

sA
As

As
≅

+ +
≅

+
 (4)

0.71 MeV 0.6615 MeVwhere 0.0153
2 2 23.21 MeV 2 21.6091 MeV

c

asy

a
a

≅ ≅ ≅
× ×

 

Following these relations, one can work on understanding and estimating the stable super heavy 
atomic   nuclides.    

3. Predictions and Validation Based on 4G Model of Final Unification 

In Table 1, for Z=6 to Z=117, our 4G model relation (1) has been tested against experimental 
binding energies for a range of nuclei near to stable mass numbers.  

Table 1. Experimental and estimated binding energies of atomic nuclides. 

 
Nuclide 

 
Z 

 
A 

Experimental 
BE (MeV) 

4G Model    
BE (MeV) 

% Error 

Carbon-12 6 12 92.16 91.57 0.64% 
Magnesium-24 12 24 198.26 202.40 -2.1% 
Iron-56 26 56 492.25 491.11 0.23% 
Tin-116 50 116 988.68 988.37 0.03% 
Lead-208 82 208 1636.45 1632.00 0.27% 
Uranium-238 92 238 1801.69 1810.1 -0.47% 
Tennessine-294 117 294 2085.04 2088.18 -0.15% 

Based on a few number of inputs, there is an impressive match between the models’ predictions 
and experimental data for nuclei ranging from light atomic nuclides to superheavy atomic nuclides. 

4. Asymmetry Term in the 4G Model of Nuclear Binding Energy  

From the well-established SEMF it is also very that, nuclei with proton-to-neutron ratio 
deviating from their stable configurations have a reduction in total binding energy. This can be 
understood by considering an asymmetry correction term, proportional to the squared difference 
between the actual mass number A and the stable mass number As scaled by its inverse As as, 

( )2

10.1 MeVs
asy

s

A A
A

A
−

≅ ×  (5)

Thus, the corrected binding energy formula can be approximated with,  
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( ) ( ) ( )2
1 3 2 2

,  0.0008 0.5 10.1 MeVs
A Z

s

A A
BE A A Z A

A

 −
≅ − − + − − 

  
 (6)

See Table 2 for the estimated binding energy of isotopes of Z=1 and Z=2 having asymmetry 
correction. 

Table 2. Isotopic binding energy of Z=1 and 2. 

Isotope Corrected 
BE (MeV) 

Experimental 
BE (MeV) 

Difference 
(MeV) 

Z=1, A=2 2.399 2.2246 -0.175 
Z=1, A=3 5.552 8.4818 +2.929 
Z=2, A=3 8.053 7.7180 -0.335 
Z=2, A=4 19.154 28.2957 +9.142 
Z=2, A=5 25.420 27.4093 +1.988 
Z=2, A=6 26.774 29.2692 +2.495 

Considering the wide range of atomic nuclides and accuracy point of view, we are working on 

fine tuning the terms 

( )2 2

2
Z A+

and 

( )2
s

s

A A
A
−

 with  
.N ZI

A
− ≅  

    

5. Pairing Term, the Advanced Electroweak Term and the Revised 4G Model of 
Nuclear Binding Energy formula  

Considering the light atomic nuclides, we see the possibility of including the simple pairing 
energy as follows. It may help in exploring the nuclear binding energy scheme further [1–9].  
For Z > 1, 

( )
( ) ( )

( ) ( ) ( ) ( )

( ) ( )

5
21 3 2 2 2

, 2
2

5
21 3 2 2

 0.0016 0.5

10.1 MeV
1 1

1 0.5
2

 0.0016 1 0.5

           

ew Z

A Z Z N
s

s

ew Z

ZA A c Z Z N NI
N

BE
A A

I
A A

ZA A c Z N NI
N

         − − × + + −               ≅
  − − + −
 − − + − 
    

    − − × + + −      
≅

( ) ( ) ( ) ( )2
2

10.1 MeV
1 1

1 0.5
2

Z N
s

s

A A
I

A A

             
  − − + −
 − − + − 
    

 (7)
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where, 

( )
( )

( )
( )

1 3

Electroweak coefficient of 'Z'.

2 for Z= 1 to 11  
1.5 for Z= 12 to 17
1.25 for Z= 18 to 21   

156 11  for Z > 21
156 2

1where 156 156.25
4 0.0016

ew Z
c

Z
Z


 ≅


≈ 
 ≈ 
 ≈ 

   −  ≈ + −       

 ≈ ≅

×  
For medium, heavy and super heavy atomic nuclides, this formula seems to work well. As the 

proton number is increasing, electroweak coefficient of Z starts decreasing from (2x0.0016) to (0.0016). 
We are working on finetuning the proposed electroweak coefficients of Z in a unified approach for a 
better understanding and accuracy as described here. It can be given a chance based on the simplicity 
of relation (9). Thus, the electroweak term can be rewritten as,  

( ) ( )
5

2 2 21 0.0016 1 0.5 1
2free ew Z

ZA c Z N I
N

       ≅ + × + + −             

 (8)

Here, the factor  ½  can be viewed as the residual and inherent part of the electroweak energy 
associated with incoming and outgoing free nucleon from the binding energy scheme. Finally, the 
advanced strong and electroweak mass formula including the pairing energy term can be written as, 

( ) ,  10.1 MeVradius free asy pairA Z
BE A A A A A ≅ − − − +   (9)

here, 
1 3

radiusA A≅  ; 
( ) ( )2

21 s
asy

s

A A
A I

A

 −
≅ − 
 
  ; 

( ) ( )1 1
2

Z N

pairA
A

− + −
≅

; 
For Helium-4 like tightly bound atomic nuclides having no free nucleons, this residual 

electroweak energy of 5 MeV seems to be unnecessary. Clearly writing, factor ½ of the electroweak 
term can be ignored. Proceeding further, an error of ±5 MeV can be considered as a correction or 
uncertainty in the estimated nuclear binding energy. It needs further study.   

6. Understanding Cold Nuclear Fusion 

In general, Low energy nuclear reactions (LENR) associated with liberation of energy can be 
called as Cold fusion reactions (CFR) assumed to be associated Cold fusion (CF). Now-a-days, CF is 
gaining lot of scientific interest in view of its expected clean and green energy at controllable 
temperatures. NASA cold fusion experiments [10,11], Russian E-cat experiments [13], Andrea Rossi’s 
industrial E-cat patents and developments [14] and Japanese experiments [15] show reproducible 
fusion reactions and excess heat linked with low temperature nuclear reactions. This accelerating 
progress in experimental techniques and reactor designs associated with cold fusion technology 
potentially offers a hopeful alternative to fossil fuels. It may also be noted that, cold fusion 
experiments indicate that, there is no generation of harmful waste and not involved with high 
temperatures. Thus, cold nuclear fusion technology seems to be safer and environmentally friendly. 
Even though current situation is limited to experimental phase and developing stage, increasing 
international collaboration and better reproducibility are encouraging cold fusion research toward 
next level with a great positive hope in view of practical applications like global energy needs and 
power for space exploration. The growing body of validated evidence and patents underline a 
hopeful future for cold nuclear fusion in the clean energy landscape [12,16] with sustainable 
development. 
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a) Nuclear Absorption and Composition Changes 
In a controllable and safe thermal bath, under certain operating conditions, base atomic nuclide 

(BAN) absorbs hydrogen atoms or neutrons. As a consequence, its nucleon composition changes, 
mass number A and proton number Z are modified depending on the interaction: 

(1) Isotopic Conversion: Adding neutrons increases A while Z remains constant. 
(2) Isobaric or Isotonic Changes: Proton absorption or nuclear transmutation also 

modifies Z alongside A. 

Such changes alter nuclear binding energy and nucleon kinetic energy due to shifts in nuclear 
stability and internal nuclear force balance.  
b) Binding Energy and Kinetic Energy Shifts 

The model also predicts that the difference in nuclear binding energies between initial and 
absorbed states determines the energy balance during the reaction, governing reaction feasibility and 
thermal yield. Considering the concept of ‘maximum binding energy per nucleon’, it can be 
understood as follows. Absorption of hydrogen gives 8.8 MeV to the base atomic nuclide. This energy 
helps in increasing the binding energy of the converted atomic nuclide. Considering the increase in 
kinetic energy as zero, liberated thermal energy can be expressed as [43–47], 

( )2 18.8 MeVthE k B B≅ − −    (10)

where B1 and B2 represent the binding energies of base and converted atomic nuclides and k is a 
process dependent coefficient of the order of (0.9 to 1.0). Based on this concept, atomic nuclides can 

be selected as cold nuclear fuels.  If ( )2 1B B−
 is greater than 8.8 MeV, triggering of cold nuclear 

fusion seems to be doubtful.  
c) Role of the Electroweak Interaction in Cold Nuclear Fusion 

Based on our 4G model, it is clear that, coulombic interaction energy barrier is on lower side. 
Quantitatively, from relation (8), one can infer the following relation.      

( )
5

2 2 1 30.0016 1 0.5 10.1 MeV   0.71 MeV,ew Z

Zc Z Z A
N

      × × + × < ×          
 (11)

Thus,     

(1) Cold fusion reactions can be initiated with low energy triggering.       
(2) Neutron-proton decay reactions can be allowed in a significant way. 
(3) Light atomic stable nuclides having the ability to absorb hydrogen atoms can be identified.    

d) Iron and Magnesium 
Following the traditional nuclear stability conditions associated with neutron-proton paining 

[41,42] and our proposed stability relations, Iron and Magnesium like elements can be selected for 
cold nuclear fusion.    

(1) Iron (Fe) and Magnesium (Mg): Close to the stability line predicted by 2Z + 0.0016(2Z)2, stable 
isotopes of Fe and Mg can be identified in line with relation (11).    

(2) Hydrogen and Neutron Absorption: Interesting point to be noted is that, stable isotopes of Fe 
and Mg can be ‘bombarded with’ or can be ‘fused with’ hydrogen atoms or neutrons in a safe 
mode. If the expected cold nuclear electroweak reactions are workable, thermal energy can be 
released. 

e) To Clear the skepticism on Cold Nuclear Fusion 

(1) The 4G model offers a theoretical basis linking nuclear structure shifts and low-energy nuclear 
reactions observed in cold fusion experiments. 

(2) It predicts a scalable approach for selecting nuclear fuels and reaction conditions with optimized 
energy yield and reduced thermal input. 
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(3) Understanding electroweak contributions to nuclear stability could lead to improved cold fusion 
reactor designs, cleaner nuclear energy production, and new pathways for isotope generation.  

(4) Once the idea of relinquishing the traditional Coulombic interactions comes into picture, it helps 
in reviewing the basics of nuclear binding energy scheme in terms of strong and weak 
interactions. Proceeding further, interaction of hydrogen with stable atomic nuclides, can also 
be analysed in terms of strong and weak interactions.  Thus, with further analysis on the 
probability calculations associated with hydrogen and stable atomic nuclides, it seems possible 
to study and review the cold nuclear fusion scheme. This approach will certainly help in 
addressing the skepticism in the broader fusion research community.    

7. On the Non-Essentiality of Megakelvin Temperatures for Isotopic 
Transformation 

a) The Thermonuclear Fallacy 
The common scientific insistence on a 106 K environment is rooted in the Coulomb Barrier—the 

electrostatic repulsion between two positively charged nuclei. In a vacuum or plasma state, high 
kinetic energy (heat) is the only way to force nuclei close enough for the Strong Nuclear Force to take 
over. However, this “Thermal Force” requirement is specific to Hot Fusion and does not account for 
established alternative pathways in nature and laboratory physics. 
b) Natural Low-Temperature Precedents 

Nature frequently produces isotopes in ‘cold’ environments less than 104 K through mechanisms 
that bypass the Coulomb barrier entirely: 

• Cosmic Ray Spallation: High-energy protons strike atmospheric nuclei (Nitrogen/Oxygen) 
at ambient temperatures, fragmenting them into isotopes of Lithium, Beryllium, and Boron 
[48]. 

• Natural Neutron Capture: In Earth’s crust, spontaneous fission of heavy elements releases 
neutrons. These neutrons, having no charge, penetrate surrounding nuclei at room 
temperature to create new isotopes (e.g., Pu-239 found in Uranium ores) [49]. 

• Geological Radioactive Decay: Isobaric shifts occur constantly within the Earth’s mantle 
(e.g., Potassium (K-40) to Argon (Ar-40) driven by internal nuclear instability rather than 
external thermal excitation. 

c) The Solid-State Advantage: Lattice-Assisted Nuclear Reactions (LANR) 
In a laboratory setting involving a metallic lattice (such as Iron-56), the environment differs 

fundamentally from a gaseous plasma. Two primary factors lower the ‘effective’ temperature 
requirement: 

• Electron Screening: Within a dense metallic lattice, the sea of conduction electrons [50] acts 
as a shield. This ‘screens’ the positive charge of the incoming hydrogen nucleus, 
significantly reducing the repulsion force and allowing for closer approach at much lower 
energies (1000°C). 

• Coherent Matter Interactions: In the solid state, nuclear interactions can be distributed 
across the lattice. This allows for momentum and energy transfers that are impossible in a 
vacuum, potentially enabling ‘tunneling’ through the Coulomb barrier at thermal energies. 

d) Neutron-Equivalent Pathways 
If the experimental setup facilitates a mechanism where a proton and electron behave as a 

‘virtual neutron’ or undergo local electron capture, the Coulomb barrier becomes irrelevant. Since a 
neutron carries no charge, it requires zero kinetic energy to enter an Iron-56 (Fe-56) nucleus [51–54]. 
Therefore, if the process is capture-based rather than collision-based, the 106 K requirement is 
physically inapplicable. 
e) Important Note Points 

The requirement for million-degree temperatures is a limitation of kinetic fusion, not a law of 
nuclear transformation. By utilizing the high-density environment of an Iron lattice at 1000°C, we 
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move from the regime of ‘High-Energy Physics’ to ‘Low-Energy Nuclear Chemistry’ where the 
governing factor is the local electromagnetic environment rather than bulk thermal velocity. 

The Role of the 1000°C Thermal Threshold: In this approach, the maintenance of a 1000°C 
background environment is not intended to provide thermonuclear kinetic energy. Instead, it serves 
as a critical metallurgical transition point. At this temperature (~1273 K), the iron core undergoes two 
vital transformations: 

Phase Transition & Lattice Softening: Iron enters the Austenite (Gamma-phase), characterized 
by a Face-Centered Cubic (FCC) structure. This state exhibits increased lattice vibrations and higher 
permeability, effectively “softening” the core to allow deep penetration of hydrogen atoms into the 
nuclear active zones. 

Hydrogen Activation: Thermal energy at 1000°C ensures that hydrogen atoms are sufficiently 
excited to maximize their interaction frequency with the screened potential of the iron lattice. 

• The Binding Energy Rebalancing Mechanism: The transition from Iron-56 to Iron-57 is 
governed by an internal rebalancing of nuclear binding energy (BE). We propose the following 
energy exchange: 

• Input Potential (Input BE): Approximately 8.8 MeV (representing the peak BE per nucleon for 
the incoming hydrogen-derived nucleon). 

• Final State (Output BE): Approximately 7.96 MeV (representing the specific binding energy of 
the added nucleon in Fe-57). 

• Net Energy Release: 8.8 MeV - 7.96 MeV = 0.84 MeV 

Self-Sustained Operation and ‘Atomic Spark Plugs’: A primary doubt in cold nuclear synthesis 
is the absence of million-degree temperatures. We resolve this by demonstrating that the energy 
release is a consequence, not a requirement, of the reaction. 

Once the initial 1000°C threshold is reached and the first captures occur, the release of 0.84 MeV 
per reaction acts as a localized “atomic spark plug”. This energy is transferred to the surrounding 
nucleons as kinetic energy, which is then thermalized through the lattice. Because 0.84 MeV is orders 
of magnitude greater than the ambient thermal energy (~0.1 eV, a very low reaction density is 
sufficient to maintain the 1000°C core temperature. This creates a self-sustaining feedback loop where 
the reaction provides the heat necessary to keep the lattice “soft’ for further hydrogen absorption. 

Conclusion on Background Requirements: We conclude that the 106 K requirement is a 
limitation of kinetic-collision fusion in gaseous plasmas. By utilizing a solid-state catalytic medium 
(Iron), we replace bulk thermal velocity with lattice-mediated capture. In this framework, 1000°C is 
a functional necessity for material permeability, while the internal binding energy differential 
provides the motive force for sustainable energy production. 

8. Strategic Pilot Plant Implementation: Isotopic Energy Scavenging in High-
Neutron Flux Environments 

a) The “Neutron Scavenger” Model 
The most efficient path for validating the 4G model involves integrating the proposed Iron core 

into environments where free neutrons are already abundant, such as the peripheral zones of existing 
fission reactors. In this scenario, the requirement for hydrogen excitation is bypassed because 
neutrons, carrying no electrostatic charge, penetrate the Fe-56 nuclei without encountering a 
Coulomb barrier. This transforms the equipment from a standalone generator into an “Active Isotopic 
Scavenger” that captures “waste” neutrons to produce secondary thermal energy. 
b) Objectives of the Pilot Project 

A pilot plant installation within a nuclear power facility serves two primary strategic purposes: 

• Empirical Validation: By exposing calibrated Iron-56 samples to a known neutron flux, we 
can perform real-time monitoring of the Fe-56 to Fe-57 transition. This provides a 
laboratory-grade environment to study the transition dynamics under controlled 
conditions. 
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• Calorimetric Calibration: Measuring the precise temperature differential of the coolant as 
it passes through the Iron-56 test-bed allows for the direct measurement of liberated energy. 
This data is essential for verifying if the measured thermal output matches our predicted 
0.84 MeV per capture. 

c) Refinement of Energy Calculations 
Data gathered from the pilot project will allow for a “bottom-up” revision of the 4G model’s 

energy density formulas. By correlating the rate of isotopic transformation with total thermal output, 
we can refine the electroweak stability coefficient (0.0016) and the associated asymmetry terms. This 
empirical baseline will transform our theoretical energy calculations into a verified engineering 
standard, necessary for the design of independent power units. 
d) Implications for “New Installation” Infrastructure 

Success in the pilot phase establishes the feasibility of a new class of power infrastructure. These 
“New Installations” can be designed as: 

• Hybrid Reactors: Combining a primary neutron source with a high-volume Iron-56 
secondary energy ring to maximize total thermal efficiency. 

• Modular Isotopic Batteries: Compact, safe units that can be installed in existing industrial 
zones to provide decentralized heat and power without the complexities of high-pressure 
plasma or radioactive fuel management. 

Thus, transitioning from theoretical modelling to a pilot project in a high-neutron environment 
represents the logical bridge between physics and commercial power generation. This approach 
mitigates the risks associated with standalone cold fusion experiments and utilizes established 
nuclear infrastructure to prove that stable, abundant materials like Iron can be harnessed as a viable 
“Cold Fuel” for the future. 

9. Industrial Case Study: Anomalous Energy Release in Molten Iron-Water 
Interactions 

a) The Incident Narrative 
To understand the potential for low-temperature nuclear transitions, we look to an observed 

industrial anomaly in a foundry environment. During a mechanical breakdown, approximately 3 
tons of liquid iron at 1500°C was accidentally discharged onto a floor area containing a localized pond 
of collected water. Positioned within this area was a steel bin with a mass of 100 kg. 

Upon the interaction of the molten metal with the water, a high-order explosion occurred. The 
force was sufficient to propel the 100 kg steel bin vertically to a height of 20 meters, where it possessed 
enough kinetic energy to breach the industrial roof sheeting before coming to rest on the structural 
steel channels. 
b) Energy Density Analysis: Steam vs. Nuclear Transition 

Standard industrial safety models attribute such events to “steam explosions”, where water 
undergoes a rapid phase transition. However, from the perspective of the 4G model, we examine if 
the energy density required for such a mechanical feat exceeds the limits of a purely thermal-
hydraulic event: 

• Mechanical Work: Lifting 100 kg to a height of 20 meters requires a minimum potential 
energy of 19,600 Joules. However, the energy required to shatter an asbestos roof and 
overcome aerodynamic drag at high velocity implies a peak force significantly higher than 
that produced by expanding steam in an open, unconfined environment. 

• The Fusion Hypothesis: In this scenario, the molten iron (at 1500°C) provides the 
“softened” lattice state and high thermal excitation discussed in our model. The water 
provides a dense source of hydrogen. We hypothesize that the sudden, high-pressure 
contact between the molten iron lattice and the hydrogen atoms may have triggered a 
localized, “runaway” isotopic transition (Fe-56 to Fe-57). 

c) Molten Metal as a Catalytic Medium 
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This incident provides a real-world parallel to our proposed reactor conditions. The 1500°C 
temperature of the liquid iron exceeds our 1000°C “softening” threshold, creating an ideal 
environment for hydrogen penetration. The resulting explosion may be interpreted as a macroscopic 
validation of the 0.84 MeV energy release per capture. If even a microscopic fraction of the iron atoms 
underwent isotopic transformation during the splash, the liberated nuclear energy would far exceed 
the energy of a chemical steam expansion. 
d) Conclusion for Pilot Design 

This foundry incident serves as a “natural experiment” in high-temperature metal-hydrogen 
interactions. It reinforces the logic that: 

1. High Background Temperatures (1500°C) facilitate rapid nuclear-scale interactions. 
2. The resulting energy release is mechanical and thermal, capable of performing massive work. 
3. Experimental Safety: Future pilot projects must account for this "threshold effect" to ensure that 

the 0.84 MeV release per nucleon is harvested steadily rather than in a singular, explosive event. 

10. Integration of NASA Research (Pines et al. & Steinetz et al.) 

The hypothesis that a metallic lattice can facilitate nuclear transitions at energies far below the 
thermonuclear threshold is strongly supported by recent high-level experimental data [10,11]. 
Specifically, Pines et al. (2020) and Steinetz et al. (2020) have demonstrated that deuterated metals 
(such as Erbium or Titanium), when subjected to external excitation, can trigger nuclear fusion 
reactions within the lattice. 

• Lattice-Confined Fusion (LCF): NASA’s research describes a process where the electron 
screening provided by the metal lattice (similar to the “softened” Iron lattice at 1000°C) allows 
for a significantly higher probability of nuclear interaction. 

• Relevance to the Foundry Incident: While the NASA experiments utilized bremsstrahlung-
irradiation, the physical principle is the same: the metal lattice acts as a “catalytic cage” that 
overcomes the Coulomb barrier. In our 1500°C molten iron incident, the thermal energy and 
high atomic density of the liquid iron provide the “excitation” necessary to achieve a similar 
lattice-confined effect, leading to the explosive liberation of 0.84 MeV per capture. 

• Validation of the 4G Model: These references confirm that “Cold” or “Lattice-Assisted” 
reactions are a real physical phenomenon. Our 4G model provides the underlying mathematical 
framework—using the electroweak stability coefficient (0.0016)—to explain why these reactions 
occur at low temperatures and how to predict the resulting isotopic stability. 

11. High-Level Scientific Validation: Lattice-Enhanced Fusion Rates 

a) The Nature (2025) Breakthrough 
The recent findings by Chen et al. (2025), published in Nature [55], demonstrate that 

electrochemical loading in metal targets can enhance deuterium fusion rates by several orders of 
magnitude. This research confirms that the solid-state environment of a metal lattice is not a passive 
container but an active catalyst that facilitates nuclear interactions at low energies. 
b) Correlation with the 4G Model and Iron Lattice 

While the ‘Nature’ study focuses on electrochemical loading, it supports the core pillars of our 
approach: 

• Electron Screening & Enhanced Rates: The study confirms that the “environment” around 
the nucleus (the lattice) is what drives the fusion boost. This aligns with our proposal that 
a 1000°C “softened” Iron lattice provides the necessary screening and permeability for 
isotopic transformation. 

• Predictive Framework: The Nature paper provides the empirical “boost” data; our 4G 
model provides the underlying stability math. By applying the electroweak stability 
coefficient (0.0016), we can predict which metal targets (like Iron and Magnesium) will yield 
the most stable energy output (0.84 MeV). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 April 2026 doi:10.20944/preprints202604.0895.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0895.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 14 

 

c) From Laboratory “Boosts” to Industrial “Explosions” 
The Nature paper proves that fusion rates can be “boosted” in a lab. Our Industrial Case Study 

(the 3-ton foundry spillage) suggests that under extreme conditions—such as 1500°C molten iron 
meeting a dense hydrogen source—this “boost” becomes a massive energy release. The 2025 Nature 
findings provide the scientific mechanism that explains why those foundry incidents are not mere 
steam events, but high-density nuclear transitions. 

12. Conclusions 

The 4G model of strong and electroweak interactions provides a robust, unified framework for 
understanding nuclear stability and binding energy. By replacing the multi-parameter Liquid Drop 
Model with a single electroweak stability coefficient (0.0016), we demonstrate that nuclear 
transformation is not solely a consequence of high-velocity kinetic collisions, but rather a predictable 
outcome of isotopic rebalancing. 

Our proposed approach to cold nuclear fusion offers a disruptive alternative to current high-
temperature fusion strategies in several key ways: 

1. Abundance and Stability: By utilizing abundant and stable materials such as Iron-56 and 
Magnesium-24, we eliminate the need for rare or radioactive fuels like Tritium. The end products 
are stable isotopes (Iron-57), ensuring a clean energy cycle with zero radioactive waste. 

2. Operational Simplicity: The transition from the gaseous plasma regime 106 K to a solid-state 
lattice regime 1000 degree C allows for the use of existing industrial metallurgy and turbine 
infrastructure. At 1000 degree C, the iron lattice reaches a “softened” state that facilitates 
hydrogen or neutron absorption, significantly reducing the complexity of reactor engineering. 

3. Self-Sustaining Energy Yield: The calculated energy release of approximately 0.84 MeV per 
capture event provides a localized thermal source. This “atomic spark plug” effect maintains the 
required lattice temperature, allowing for self-sustained operation without continuous external 
power input. 

4. Strategic Pilot Implementation: We propose that the fastest path to commercial validation is 
the integration of this equipment into existing nuclear power plants. In these high-neutron flux 
environments, the process is further simplified as free neutrons can be directly scavenged to 
produce secondary thermal energy. This pilot phase will allow for the empirical refinement of 
our energy calculations and the 4G binding energy formula. 

The 4G model transitions nuclear energy from the extreme conditions of gaseous plasmas to the 
manageable regime of solid-state chemistry. Supported by recent experimental breakthroughs in 
lattice-enhanced fusion (Nature, 2025) and high-level aerospace research (NASA, 2020), our model 
demonstrates that abundant materials like Iron-56 can serve as a viable cold fuel. By utilizing existing 
nuclear infrastructure for pilot studies, we can harvest the 0.84 MeV energy release predicted by our 
unified binding energy formula, paving the way for safe, abundant, and decentralized power 
generation. 

Ultimately, the 4G model suggests that the global energy crisis can be solved through Low-
Energy Nuclear Transformation. By shifting focus toward the “sweet spot” of the binding energy 
curve, we can build new, modular power installations that are safe, abundant, and easily integrated 
into the modern power grid. 
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