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Abstract: 

This arƟcle ventures into a highly speculaƟve thought experiment, exploring the hypotheƟcal 
possibility of inducing low-temperature nuclear fusion within hydrogen or deuterium clusters. 
Drawing inspiraƟon from the irreducible interdependence of Borromean rings and the nuanced 
negaƟon of Shigenori Nagatomo's "Logic of Not," we propose a conceptual model where intense 
laser fields, interacƟng with molecular topology, could transiently create Borromean-analogue states 
among nuclei. This "topological chemistry" framework, viewed through the lens of few-body physics, 
posits that such a collecƟve, highly correlated arrangement might facilitate quantum tunneling, 
leading to fusion where convenƟonal pairwise interacƟons would fail. While firmly rooted in the 
realm of theoreƟcal conjecture and not represenƟng a viable pathway to energy producƟon, this 
thought experiment highlights the power of interdisciplinary analogy, parƟcularly from our previous 
work on "intertwined humanity," to explore the most challenging fronƟers of physics and logic. 
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1. Introduction: The Lure of the Impossible and the Power of Analogy 

The quest for clean, abundant energy drives some of humanity's most ambitious 

scientific endeavors. Among these, nuclear fusion, the process powering stars, stands 

as the ultimate prize. Traditionally, achieving fusion on Earth necessitates extreme 

temperatures, reaching millions of degrees Celsius to overcome the immense Coulomb 

electrostatic repulsion between positively charged atomic nuclei. Yet, the persistent 

allure of "cold fusion" or "low-temperature fusion" continues to captivate, despite 

decades of inconclusive or unreproducible experimental results. While mainstream 

physics largely dismisses the possibility of significant energy gain from such 

phenomena under conventional interpretations, the intellectual challenge remains: 

could there exist an unconventional pathway, perhaps facilitated by exotic quantum 

correlations or novel topological arrangements, that circumvents the classical energy 

barrier? 



Our recent work, "Modeling Intertwined Humanity: Neutrosophic Complete Graphs, 

Ubuntu, and the Logic of Not" (NSS Vol. 88, 2025), introduced the Borromean ring 

structure as a profound metaphor for irreducible interdependence, extending its 

relevance from social philosophy (Ubuntu) to the mathematical representation of 

complex systems. Central to this exploration was Shigenori Nagatomo's "Logic of Not," 

which oƯers a nuanced understanding of negation, moving beyond binary true/false 

dichotomies to embrace ambiguity, partial states, and contextual truths. This 

framework, initially applied to human systems, prompts a fascinating question: Can the 

principles of Borromean interdependence and the Logic of Not oƯer a conceptual lens 

through which to explore highly correlated quantum phenomena, potentially even 

nuclear reactions, at energy scales typically deemed insurmountable? 

This article embarks on a thought experiment, positing a highly speculative scenario for 

low-temperature fusion within hydrogen or deuterium clusters. We envision a 

"topological chemistry" approach, where an intense laser field acts as a sculpting 

agent, transiently inducing a Borromean-like arrangement of nuclei. This Borromean 

analogue, we hypothesize, might foster a collective, three-body quantum tunneling 

event, an interaction qualitatively diƯerent from conventional pairwise fusion. This 

exploration is purely conceptual, serving as an exercise in interdisciplinary analogy 

rather than a concrete scientific proposal for viable fusion. Its purpose is to 

demonstrate how abstract logical and topological frameworks, born from 

considerations of "intertwined humanity," can be imaginatively applied to extreme 

physical challenges, pushing the boundaries of what we conceive as possible, even if 

currently unproven. 

 

2. The Borromean Nucleus: A Foundational Analogue in Few-Body Physics 

The concept of Borromean rings, three interconnected rings where the removal of any 

one frees the other two, serves as a powerful symbol of irreducible interdependence. 

What might seem a mere mathematical curiosity finds a profound physical realization in 

the realm of nuclear physics, specifically in "Borromean nuclei." 



A Borromean nucleus is a quantum bound system comprising three (or more) 

constituents, where no two-body subsystem is bound. This means that while the 

overall nucleus is stable, any pair of its constituents, if isolated, would spontaneously 

fall apart. Their collective interaction is essential for stability. The canonical examples 

are: 

 Helium-6 (6He): This nucleus consists of an alpha particle (4He) and two 

neutrons. While 4He + n (5He) is unbound, and two free neutrons (the dineutron) 

do not form a bound state, all three together coalesce into a stable 6He nucleus. 

This exotic structure gives 6He a "halo" character, where the two neutrons orbit 

far from the alpha core. 

 Lithium-11 ($^{11}$Li): Similarly, $^{11}$Li is composed of a $^9$Li core and 

two neutrons. Neither $^9$Li + n ($^{10}$Li) nor the dineutron is bound, but they 

form a stable $^{11}$Li system. 

The study of Borromean nuclei falls squarely within few-body physics, a subfield of 

nuclear physics dedicated to understanding systems with a small number of strongly 

interacting particles. These systems defy simple approximations of pairwise 

interactions; their properties are dominated by complex, higher-order correlations. 

Theoretical tools like Faddeev equations or hyperspherical harmonics are employed to 

describe the intricate wave functions and binding mechanisms of these nuclei, where 

the three-body force often plays a critical role in their stability. The existence of 

Borromean nuclei demonstrates that nature itself can create stable quantum 

configurations based on irreducible tripartite relationships, a fundamental inspiration 

for our thought experiment. If the strong nuclear force can orchestrate such delicate 

balances, can we hypothetically induce analogous states for lighter nuclei, albeit under 

vastly diƯerent conditions? 

 

3. The Hydrogen Cluster at Low Temperature: A Quantum Conundrum 

Hydrogen and deuterium, the fuel for potential fusion reactions, exist as molecular 

clusters at low temperatures, e.g., (D$_2$)N or D$_N$ clusters. In these states, the 



atoms are bound by relatively weak molecular or van der Waals forces, orders of 

magnitude less energetic than the nuclear forces required for fusion. 

The fundamental challenge for nuclear fusion lies in overcoming the Coulomb barrier. 

Protons (in hydrogen) and deuterons (in deuterium) are positively charged. As they 

approach each other, they experience a powerful electrostatic repulsion. To fuse, they 

must overcome this barrier and get close enough for the attractive strong nuclear force 

to dominate. At typical thermal energies corresponding to "low temperatures" (e.g., 

room temperature or cryogenic temperatures), the kinetic energy of the nuclei is 

minuscule compared to the height of the Coulomb barrier (on the order of keV). The 

probability of quantum tunneling through this barrier at such low energies is 

astronomically small, eƯectively zero for any practical purpose. This is why traditional 

fusion requires temperatures of tens to hundreds of millions of degrees Celsius, where 

nuclei possess suƯicient kinetic energy to "climb" over the barrier. 

However, clusters oƯer unique environments. Their high local densities and the 

presence of many-body interactions could, in principle, create conditions unlike those 

in a dilute gas. Within such clusters, especially when subjected to external fields, the 

nuclei are not merely isolated particles but are part of a complex quantum system. This 

allows us to consider them as "quantum-like entities" in a broader sense, where their 

collective behavior might lead to emergent properties. The conundrum remains: even 

within a cluster, how can the nuclei overcome the electrostatic repulsion to fuse at low 

temperatures without the necessary kinetic energy? This is where the Borromean 

analogue, guided by topological chemistry and informed by a nuanced logic, enters our 

hypothetical framework. 

 

4. Topological Chemistry: Inducing Borromean States in Molecular Clusters 

Our thought experiment proposes that a highly specialized field of "topological 

chemistry" could be invoked to facilitate Borromean-like nuclear configurations. Unlike 

traditional chemistry, which focuses on bond formation and molecular structure based 

on connectivity, topological chemistry explicitly considers the global spatial 

arrangement and entanglement of molecular or atomic components. The Borromean 



rings are a quintessential example of topological entanglement, where the integrity of 

the whole depends on the non-trivial linking of its parts. 

The central hypothesis here is: Can an external, precisely controlled influence 

(specifically, an intense laser field) transiently sculpt or stabilize a Borromean-like 

arrangement of three hydrogen or deuterium nuclei within a larger cluster, thereby 

creating unique conditions for fusion? 

Consider a cluster of deuterium atoms. Instead of looking for pairwise D-D fusion, we 

imagine a three-deuteron (3D) subsystem. If this 3D system could be coaxed into a 

Borromean configuration – where D1, D2, and D3 are intertwined such that D1+D2, 

D1+D3, and D2+D3 are all "unbound" in a conventional fusion sense, yet the collective 

(D1+D2+D3) system has a fleeting, highly correlated stability – then a novel fusion 

pathway might emerge. 

The role of the intense laser field is crucial in this topological alchemy: 

 Ultra-intense, Ultrashort Pulses: Modern femtosecond and attosecond lasers 

can deliver unprecedented power densities, creating extreme local 

electromagnetic fields. These fields can rip electrons from atoms, creating a 

transient plasma of bare nuclei, and exert immense ponderomotive forces. 

 Ponderomotive Force and Optical Trapping: The laser field's gradient force 

could hypothetically create dynamic "optical traps" that not only localize but 

also precisely position and compress nuclei within the cluster on ultrafast 

timescales. This might allow for the transient creation of extremely high local 

densities and specific geometrical arrangements. 

 Tailored Electron Dynamics: The laser could interact profoundly with the 

electrons in the cluster. While stripping electrons usually increases Coulomb 

repulsion, a speculative scenario might involve the laser inducing a highly 

correlated, transient collective electron screening eƯect specifically for a 

three-body configuration, but not for two-body pairs. Imagine a fleeting "electron 

sheath" that momentarily and selectively reduces the eƯective repulsion for 

three nuclei brought into a specific Borromean-like arrangement, while 



remaining ineƯective for simple pairwise encounters. This is highly speculative 

but necessary for the thought experiment. 

 Vibrational Coherence and Control: Lasers can excite and control molecular 

vibrations. Could specific, coherent vibrational modes within the cluster bring 

three deuterium nuclei into the precise proximity and orientation required for a 

Borromean-like interaction, optimizing the conditions for collective tunneling? 

This would be a form of "coherent control" at the nuclear level, orchestrated by 

the laser. 

This "topological chemistry" is not about forming stable chemical bonds, but about 

inducing transient, highly energetic, and geometrically specific quantum correlations 

among nuclei, guided by the Borromean principle, all under the extreme influence of an 

external laser field. 

 

5. The Borromean Fusion Analogue: A Tripartite Quantum Dance 

At the heart of this thought experiment is the proposition that a laser-induced 

Borromean arrangement of three hydrogen or deuterium nuclei allows for a collective, 

simultaneous quantum tunneling event, fundamentally diƯerent from the standard 

pairwise fusion scenario. 

Why Borromean? In a classical D-D fusion reaction, two deuterons tunnel through their 

mutual Coulomb barrier. The probability is exceedingly low at low energies. Our 

Borromean analogue proposes that the presence of the third deuterium nucleus, 

arranged in a specific Borromean configuration, critically facilitates the tunneling 

between the other two (or among all three simultaneously), even if no two could fuse 

independently. This is the essence of the Borromean principle: the collective whole 

possesses a property (in this case, an enhanced tunneling probability) that is absent in 

any of its isolated two-body subsystems. 

Imagine the three nuclei (D1, D2, D3) brought into a configuration where: 

 The eƯective pairwise Coulomb repulsion is still present, making D1-D2, D1-D3, 

and D2-D3 individually unlikely to fuse. 



 However, the presence and specific quantum correlation of the third particle 

(induced by the laser and the topological chemistry) alters the collective 

potential energy surface in a way that creates a "shortcut" or a lower eƯective 

barrier for all three to simultaneously undergo a rearrangement that leads to 

fusion. This could involve the formation of a transient, unstable three-body 

resonant state that rapidly decays into fusion products (e.g., 4He + n or 3H + p, or 

even more exotic outcomes like a proton and two neutrons if hydrogen). 

Nagatomo's "Logic of Not" in the Tunneling Process: Nagatomo's "Logic of Not" 

provides a powerful framework for describing the ambiguous, liminal states inherent in 

such a highly speculative quantum process: 

 Pre-Tunneling State: Before the collective tunneling, the system of three 

deuterons is "not fused" (classically) and "not unbound" (in the sense that they 

are momentarily held in a specific arrangement by the laser field). It exists in an 

ambiguous state that is neither definitively "reactive" nor "non-reactive" by 

conventional measures. 

 During Tunneling: As the nuclei tunnel through the multi-dimensional Coulomb 

barrier, they are "not separated" but also "not yet fused." This is a state of active, 

indeterminate transformation. Nagatomo's "not" allows us to describe this 

liminality, where the system is "not not-fusing" (i.e., it has a potential for fusion, 

even if it's not strictly determined). 

 Context-Dependent Fusion: The "Logic of Not" also emphasizes context. The 

fusion (or "not-fusion") of a D-D pair is not independent but critically dependent 

on the presence and specific state of the third D, as mediated by the laser field. 

The very definition of "fusion" becomes context-dependent, where the collective 

Borromean context is what enables the "not-impossible" outcome. 

Conceptual "Mathematical Model" Sketch: While we cannot present explicit 

equations for such a hypothetical process, a conceptual "mathematical model" for this 

Borromean analogue would need to address several key components within a few-body 

physics framework: 



1. Three-Body Interaction Potentials: Instead of relying solely on pairwise 

Coulomb and nuclear potentials, the model would need to incorporate a 

significant, laser-induced, and spatially dependent three-body interaction 

term. This term would be responsible for creating and sustaining the Borromean-

like configuration, potentially by shaping the eƯective potential energy surface in 

a highly non-trivial way, possibly involving the collective dynamics of electrons 

under extreme fields. 

2. Collective Wave Function: The model would solve a time-dependent 

Schrödinger equation for the three interacting nuclei (and possibly electrons) 

within the laser field. The wave function, Ψ(r1,r2,r3,t), would describe the 

probability distribution of the three nuclei. The Borromean character would 

manifest as a significant amplitude for a bound-like state or resonance that only 

appears when all three nuclei are considered together. 

3. Multi-Dimensional Tunneling Probability: The fusion probability would be 

calculated as a multi-dimensional quantum tunneling rate through the laser-

modified, three-body potential energy surface. This would be profoundly more 

complex than a one-dimensional barrier tunneling calculation. The Borromean 

feature would conceptually reduce the "eƯective height" or "width" of this multi-

dimensional barrier, but only for the tripartite system. 

4. Laser Field Terms: The Hamiltonian would explicitly include terms describing 

the interaction of the nuclei and electrons with the intense, time-varying laser 

electric field. This term would be the driving force for inducing the Borromean 

topology and influencing the electron dynamics. 

The critical challenge for such a conceptual model would be the precise formulation of 

the laser-induced three-body interaction term and demonstrating how it could lead to a 

significant enhancement of the fusion rate at low temperatures, a feat currently outside 

of known physics. The Borromean analogy provides the structural constraint that such a 

potential must enable the collective binding/tunneling while pairwise interactions 

remain weak. 

 



6. Challenges, Speculations, and the Realm of the Unproven 

This Borromean-analogue model for low-temperature fusion is a profound thought 

experiment, but it faces monumental challenges that push it firmly into the realm of 

speculation and the currently unproven: 

 Energy Scale Discrepancy: The fundamental hurdle remains the vast diƯerence 

between the Coulomb barrier (keV range) and the kinetic energies at low 

temperatures (meV range). While a Borromean arrangement might conceptually 

alter the eƯective potential, the energy gap is so immense that any "shortcut" 

would need to be extraordinarily eƯective, by mechanisms unknown. 

 Lifetime of Borromean State: For fusion to occur via tunneling, the laser-

induced Borromean configuration would need to be stable or coherent for a 

duration suƯicient for the tunneling process to take place. This timescale 

(picoseconds to femtoseconds) is extremely short, even for ultrafast lasers. 

 Reaction Cross-Sections: Even if such a mechanism were possible, the 

reaction cross-section (the probability of fusion occurring) would likely be 

astronomically small, making any practical energy gain impossible. The 

challenge is not just overcoming the barrier but achieving a rate of reaction. 

 Experimental Verification: Designing and executing an experiment to verify 

such a phenomenon would be extraordinarily diƯicult. Distinguishing true 

nuclear fusion from other high-energy laser-matter interactions (e.g., X-ray 

generation, particle acceleration) would require sophisticated diagnostics and a 

clear signature. 

 Fundamental Physics Gaps: The premise relies on a currently undiscovered or 

unconfirmed physical mechanism whereby intense laser fields or specific 

topological arrangements can profoundly alter nuclear interaction potentials at 

low energies to enable fusion. This would represent a paradigm shift in nuclear 

physics. 

 Distinguishing Analogy from Mechanism: It is crucial to distinguish between 

the powerful conceptual analogy of Borromean rings and a direct, physically 



causative mechanism. While Borromean nuclei exist, their binding is due to the 

strong nuclear force, not topological arrangement influencing the 

electromagnetic force in the way hypothesized here. 

Despite these immense challenges, the value of such a thought experiment lies not in 

its immediate practical applicability, but in its capacity to inspire new ways of thinking 

about intractable problems. 

 

7. Borromean Analogy and Intertwined Humanity: A Recursive Reflection 

Our initial exploration of Borromean rings stemmed from an analysis of "intertwined 

humanity," where social systems, philosophical concepts like Ubuntu, and even the 

nuances of human interaction were seen through the lens of irreducible 

interdependence. The Logic of Not provided the necessary linguistic and conceptual 

tools to describe the ambiguous, partially true, or context-dependent realities of human 

relationships. 

This thought experiment on low-temperature cluster fusion oƯers a recursive reflection 

on that initial premise. Just as human systems exhibit Borromean interdependence – 

where individuals, communities, and global challenges are deeply interconnected such 

that disentangling one aspect impacts all others – so too might fundamental physical 

interactions, under extreme conditions, reveal analogous patterns. 

The "Logic of Not," initially conceived for the complexities of human cognition and social 

dynamics, finds a fascinating parallel in the quantum realm. The "not-fused, but not-

unfusable" state of the hypothesized Borromean cluster captures the quantum 

ambiguity inherent in tunneling, where a particle is "not here, but not there" until 

observed. This highlights a universal applicability of non-classical logics to describe 

states of profound indeterminacy and interconnectedness across vast scales, from the 

social fabric to the subatomic world. 

This analogy suggests that perhaps the principle of irreducible interdependence, 

symbolized by the Borromean rings, is a fundamental organizing pattern in the universe, 

appearing not only in the intricate dance of human relationships but potentially also in 



the fleeting, highly correlated quantum events that underpin the very fabric of matter 

and energy. The laser, in this conceptual model, becomes an agent of topological 

entanglement, attempting to impose a "social structure" on a quantum system, much 

like how collective intentions shape human reality. 

 

8. Conclusion: A Horizon of Conceptual Exploration 

The quest for low-temperature nuclear fusion remains one of the most challenging and, 

for now, elusive goals in physics. This article has presented a speculative thought 

experiment, attempting to bridge this scientific frontier with abstract concepts of 

irreducible interdependence (Borromean rings), nuanced logic (Nagatomo's Logic of 

Not), and a hypothetical "topological chemistry" mediated by intense laser fields. 

Our conceptual model for a Borromean-analogue fusion reaction in hydrogen clusters 

posits that the laser could transiently induce a three-body Borromean configuration 

among nuclei. This unique topological arrangement, distinct from conventional 

pairwise interactions, might then allow for a collective quantum tunneling event, where 

the presence of the third particle critically facilitates fusion, even at energies far below 

the classical Coulomb barrier. Nagatomo's "Logic of Not" provides the conceptual tools 

to describe the ambiguous and context-dependent states within such a highly 

correlated quantum system. 

It is paramount to reiterate that this is a purely conceptual exploration, a thought 

experiment designed to push the boundaries of interdisciplinary thinking. It does not 

propose a viable or scientifically proven mechanism for low-temperature fusion, nor 

does it oƯer a prescriptive mathematical model for its realization. The immense 

physical hurdles, particularly the vast energy discrepancy and the lack of known 

mechanisms for such profound laser-induced nuclear topological changes, remain 

formidable. 

Nevertheless, the exercise demonstrates the remarkable power of analogy and the 

profound utility of abstract logical frameworks, initially developed for complex human 

systems, in envisioning novel approaches to seemingly intractable physical problems. 



As our understanding of "intertwined humanity" deepens through concepts like 

Borromean interdependence, it recursively informs our conceptual toolkit for exploring 

the most intricate and interconnected phenomena in the natural world, reminding us 

that the horizons of scientific and conceptual exploration are boundless. 
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