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Abstract: Standard nuclear theory explains binding through a residual strong interaction, typically represented by meson-exchange
potentials. Although successful phenomenologically, this picture leaves several fundamental questions unresolved: Why do proton—proton
and neutron—neutron pairs not bind? Why is proton—neutron coupling uniquely strong? Why does neutron excess grow systematically
with increasing proton number? And why is the free neutron unstable while the bound neutron is not? Augmented Newtonian Dynamics
(AND Theory) proposes that these features arise from internal stabilisation cycles within nucleons. The proton (quark composition u—u—
d) and neutron (d—d—u) possess complementary internal structures that allow their cycles to interlock and close, suppressing short-range
repulsion and producing strong binding. Proton—proton and neutron—neutron pairs suffer from cycle conflict, a form of short-range
incompatibility that prevents binding. As proton number increases, potential conflict channels grow combinatorially, explaining the rising
neutron requirement in heavier nuclei. A neutron in a P-N pair becomes cycle-stabilised; a firee neutron does not, naturally accounting
for p-decay. This framework introduces a coherent physical mechanism for nuclear stability, reinterpreting binding not as force-exchange
but as cycle compatibility. It provides an intuitive, structurally grounded explanation for trends in nuclear architecture and offers a
potential alternative to traditional meson-exchange descriptions of nuclear interactions.
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1. Introduction

The nucleus, discovered by Rutherford in 1911, has
traditionally been interpreted as a compact assembly of
protons and neutrons held together by a short-range attractive
“strong nuclear force,” while simultaneously resisting the
long-range Coulomb repulsion between protons. Although
this description succeeds phenomenologically, it lacks
physical transparency. Why does the strong force overpower
Coulomb repulsion only at short range? Why does it fail to
bind two protons together? Why does neutron number
increase systematically with nuclear charge? And why do
neutrons stabilise nuclei despite carrying no electric charge?
Standard nuclear physics answers these questions with
successively layered abstractions: color confinement, residual
strong forces, meson exchange, Yukawa potentials, tensor
terms, and shell-model corrections. Yet the physical origin of
nuclear stability remains conceptually opaque. Augmented
Newtonian Dynamics (AND Theory) offers a new
interpretation. In this model, nucleons possess internal
stabilisation cycles determined by their quark composition.
These cycles dominate nucleon—nucleon interactions at
nuclear distances, replacing Coulomb-based explanations and
providing a single intuitive framework for nuclear binding,
isotopic structure, and the limits of stability.

2. Internal Stabilisation Cycles in Nucleons:
The Proton Cycle

A proton consists of two up quarks and one down quark (u—
u—d). The internal strong interactions between these quarks
generate a stabilisation cycle — a dynamic loop of confined
energy that defines the proton’s stability and mass. Crucially,
this cycle is entirely contained within the nucleon. It does not
radiate outward unless disturbed by the close approach of

another proton, whose identical internal cycle overlaps
destructively with the proton’s own pattern and disrupts its
internal stability. At atomic scales, the proton’s electric
charge dominates its behaviour. At nuclear scales (~1 fm),
Coulomb interaction becomes a minor, negligible surface
effect, whereas internal stabilisation dynamics dominate
entirely.

2.1 The Neutron Cycle

A neutron (d—d—u) possesses a stabilisation cycle that mirrors
the proton’s in structure but differs in internal tension, giving
the neutron its slightly higher mass. The critically important
difference is that the neutron’s internal cycle does not fully
self-close. When isolated, its internal pattern cannot complete
a stable loop, leaving a small imbalance that eventually drives
the neutron toward a lower-energy configuration through B-
decay. The proton’s cycle, by contrast, is sufficiently self-
closing to maintain long-term stability as a free particle,
though still susceptible to destabilisation when another proton
approaches at nuclear distances.

3. Cycle Conflict and the Failure of Proton—
Proton Binding

In conventional nuclear physics, the failure of the proton—
proton pair to form a bound state is attributed mainly to
Coulomb repulsion. Yet this explanation cannot be sufficient,
because Coulomb forces are far too weak at femtometre
distances to prevent binding, and because neutron—neutron
pairs—despite having no charge at all—also fail to bind.
AND Theory offers a structural explanation rooted in the
internal dynamics of nucleons. Two protons brought within a
femtometre experience not a primarily electromagnetic
repulsion but an incompatibility between their internal
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stabilisation cycles. With identical quark compositions, their
cycles overlap destructively, producing strong short-range
repulsion arising from internal conflict rather than charge.
This interpretation explains simultaneously why the di-proton
does not exist, why neutron—neutron binding also fails, and
why proton—neutron binding is uniquely strong: only the P-N
pair possesses complementary internal structure capable of
closing both stabilisation cycles and suppressing the repulsive
radiation that otherwise appears at short range. When two
protons are brought within one femtometre, their internal
stabilisation cycles interfere destructively. These cycles
overlap, distort, and destabilise each other. This produces a
powerful short-range repulsion independent of electric
charge.

This provides the first physical explanation for:

o The absence of a di-proton,

o Strong short-range repulsion between nucleons, and

e The inadequacy of Coulomb repulsion as an explanation
of nuclear structure.

At close range, overlapping cycles produce outward energy
leakage. The system becomes energetically unstable; no
binding minimum exists. Conventional nuclear theory
accounts for this via tensor terms and isospin dependence.
AND Theory replaces these with a single physical principle:
Protons repel because their stabilisation cycles cannot coexist.

4. Why Gluons
Binding

Cannot Mediate Nuclear

Gluons are the carriers of the strong force inside a nucleon,
but they cannot act as binding agents befween nucleons. This
limitation arises from confinement. A gluon carries colour
charge, and colour cannot propagate freely beyond the
boundary of a proton or neutron. If a nucleon were to emit a
gluon that escaped its interior, it would expose net colour and
immediately collapse into a quark—antiquark cascade. Nature
prevents this: gluon fields are strictly confined to distances on
the order of 1 fm within a single nucleon. Because colour
charge cannot leak, a gluon travelling from one nucleon to
another is impossible. A proton cannot “throw” colour across
the gap. A neutron cannot “catch” it. The separation between
nucleons may be only a femtometre, but in QCD this distance
is vast compared to the confinement barrier. The colour field
simply does not extend that far, and any attempt to extend it
produces quark—antiquark pairs that neutralise the colour
before it can escape. For this reason, gluons bind quarks to
quarks, not nucleons to nucleons. The strong force within a
nucleon is intense; the residual interaction between nucleons
is a different, emergent phenomenon, traditionally described
by meson exchange only as an approximation. Gluon
exchange cannot account for proton—proton repulsion,
proton—neutron attraction, or the structure of the nuclear
force. Thus, gluons enforce confinement inside a nucleon but
cannot serve as a binding mechanism between nucleons.
Nuclear cohesion must therefore arise from a different
physical principle—one that operates at the composite level
rather than the quark level.

4.1 Where is the mediator?

In AND Theory, nucleon interactions do not require a carrier
particle analogous to the photon in electromagnetism. At
femtometre distances, nucleons come close enough for their
internal stabilisation cycles to overlap directly; in a manner
similar to contact force. This overlap itself becomes the
mediator: it reshapes the internal energy configuration of each
nucleon. The effect is extremely strong because the
stabilisation cycles contain the full internal tension of quark
confinement. When complementary cycles interlock, this
internal tension is neutralised and tightly bound; when
identical cycles overlap, the same tension produces intense
short-range repulsion. No residual strong force or meson
exchange is needed at this scale. The structural compatibility
of the cycles—rather than an exchanged particle—constitutes
the physical mechanism of nuclear cohesion.

5. Proton—Neutron Cycle Matching: The Basis
of Nuclear Binding

A proton (u—u—d) and a neutron (d—d—u) form three natural
up—down quark pairings. These complementary pairings
allow the two nucleons to close each other’s stabilisation
cycles, producing a fully sealed nuclear unit. Once the cycles
interlock in this way, all cycle leakage ceases; the outward
radiation associated with strong-cycle dynamics disappears;
and the combined system becomes internally neutralised. The
binding energy is drawn inward and held in a tightly localised
configuration. In this state, the proton—neutron pair becomes
far more stable than either nucleon on its own. This structural
complementarity explains why the proton—neutron interaction
is exceptionally strong, whereas proton—proton and neutron—
neutron interactions remain comparatively weak. In AND
Theory, nuclear cohesion does not result from the traditional
residual strong force or meson exchange. Instead, binding
arises when the complementary quark cycles of a proton and
a neutron interlock to form a closed stabilisation structure.
This provides a clear, classical, and visually intuitive
mechanism for nuclear stability.

6. Meson Exchange Reinterpreted in AND
Theory

Since the 1930s, the dominant description of nuclear binding
has been the meson-exchange model, in which nucleons
attract one another by exchanging virtual pions. This picture,
originally proposed by Yukawa, was a powerful historical
insight; it explained why nuclear forces are short-ranged and
why nucleons appear to pull on one another even though
quarks are confined. Yet, as experimental and theoretical
advances accumulated, it became increasingly clear that
meson exchange is best understood not as a physical
mechanism, but as an approximation. The difficulties are well
known: virtual pion exchange does not explain why the di-
proton does not exist; it cannot explain why proton—neutron
binding is stronger than neutron—neutron binding; it does not
naturally yield the observed neutron excess in heavy nuclei;
it offers no intuitive physical picture for the origin of short-
range repulsion; and it relies on increasingly elaborate
potential terms—tensor, isospin-dependent, spin—orbit, and
others—to correct deviations. In modern QCD, mesons are
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excitations of quark—antiquark fields and indeed exist, but
their “exchange” between nucleons is not a literal physical
picture, only a convenient mathematical parametrisation of
interactions.

AND Theory replaces meson exchange with a physical
mechanism based on internal nucleon dynamics. In AND, the
appearance of short-range attraction and very short-range
repulsion arises not from trading virtual particles but from the
compatibility or conflict between internal stabilisation cycles
within proton and neutron structures. The proton—neutron pair
binds because their quark structures (u—u—d and d—d—u) form
three complementary up—down matchings, which close each
other’s internal cycles, suppress outward strong-cycle
radiation, stabilise both nucleons simultaneously, and store
binding energy as internal tension rather than field exchange.
The proton—proton and neutron—neutron systems fail to bind
because their cycles do not complement and instead interfere
destructively at short range. In this interpretation, meson
exchange becomes unnecessary; the classical behaviour
attributed to residual strong forces mediated by pion exchange
is replaced by cycle matching, which produces binding, and
cycle conflict, which produces repulsion. This removes the
conceptual problems associated with virtual meson
mechanisms while preserving all experimentally measurable
nuclear features. Mesons remain real particles, but no longer
serve as nuclear glue.

7. The Role of Neutrons in Nuclear
Architecture
As proton number increases, cycle conflicts grow

combinatorially. With Zprotons in a nucleus, there are Z(Z —
1) /2potential proton—proton conflict channels. Neutrons act
as Dbuffers, interposing complementary cycles between
protons and preventing destructive interference. This
framework immediately explains the N/Z curve: light nuclei
require nearly equal numbers of protons and neutrons (N =
7); intermediate nuclei require progressively more neutrons
(N > Z); and heavy nuclei demand substantial neutron excess
(N > Z). Neutrons are therefore not passive mass carriers but
active stabilisers, resolving cycle conflict at the structural
level. A deeper understanding arises when specific nuclei are
examined. Although the number of potential conflict channels
grows rapidly with proton number, this does not imply that an
equal number of neutrons is required. A neutron does not
neutralise conflicts one at a time; it stabilises a proton’s entire
internal cycle, and thus suppresses many conflicts at once.
The effectiveness of each neutron depends on nuclear
geometry: protons that are spatially well separated generate
minimal conflict and require no buffering, whereas densely
packed proton regions produce disproportionately high
conflict and demand more neutrons to stabilise them. This
principle appears clearly in real nuclei. In calcium-40 (Z=20,
N=20), 190 potential conflict channels exist, yet only 20
neutrons are needed because the nucleus is compact enough
to prevent severe proton-overlap. Tin-120 (Z=50, N=70)
contains 1,225 such channels, but 70 neutrons suffice because
they stabilise only the densely packed regions, leaving widely
separated protons unaffected. Lead-208 (Z=82, N=126)
provides the clearest case: although over 3,300 conflict
channels are possible, only 126 neutrons are required, since

each neutron suppresses multiple conflicts at once, stabilising
whole proton clusters.

Thus, the N/Z curve emerges naturally from cycle geometry:
light nuclei need nearly equal numbers of protons and
neutrons; intermediate nuclei require more neutrons; and
heavy nuclei require many more. The neutron’s buffering
capacity, however, is finite. In very heavy nuclei, even large
neutron numbers cannot counter the explosive combinatorial
growth of proton conflicts concentrated in restricted spatial
volumes. When cycle conflict overwhelms cycle closure, the
nucleus becomes unstable, leading to alpha decay, neutron
emission, or fission. The same structural principle appears in
beta decay. In B~ decay, an isolated neutron converts into a
proton, electron, and antineutrino because its internal
stabilisation cycle cannot close by itself; the system drifts
toward a configuration with lower internal tension. In B*
decay, the reverse transformation occurs when a proton
resides in an energetically unfavourable environment, often
in proton-rich nuclei where excessive cycle conflict
destabilises the proton’s internal configuration. In both cases,
decay is the natural consequence of cycle imbalance: when
proton—neutron complementarity is absent or disrupted, the
nucleon reconfigures itself into a state with a more stable
internal cycle. These decay modes illustrate on a small scale
precisely the same structural principle that governs the global
behaviour of nuclei along the N/Z curve.

8. Discussion

The reinterpretation offered by AND Theory resolves several
long-standing conceptual issues in nuclear structure. The
exceptional strength of proton—neutron binding follows
naturally from the fact that their stabilisation cycles
complement one another, allowing the two nucleons to form
a closed, self-stabilising unit. By contrast, neither the di-
proton nor the di-neutron exists because their internal cycles
do not complement; cycle conflict prevents a stable
configuration at any separation. Neutrons, although
electrically neutral, stabilise nuclei not by cancelling charge
but by neutralising internal cycle conflict, thereby preventing
destructive interference between neighbouring proton cycles.
This same mechanism explains the progressive growth of the
neutron-to-proton ratio in heavier nuclei: cycle conflict
increases combinatorially with proton number, and additional
neutrons are needed to suppress the most severe
incompatibilities. The Standard Model’s description of
nuclear binding in terms of a residual strong force arises
because it lacks a structural mechanism at the nucleon level.
Meson-exchange potentials reproduce the data but do not
provide a physical picture of why the interactions take the
forms they do. AND Theory replaces this with a unified,
classical, and visual interpretation: nuclear cohesion emerges
from the structural compatibility of internal stabilisation
cycles, while nuclear repulsion results from their
incompatibility. This framework reproduces all empirical
trends of nuclear architecture while offering a clearer
understanding of their underlying physical origin.

9. Nuclear Shell Structure in AND Theory

In AND Theory, nuclear shells arise from the structural
behaviour of nucleon stabilisation cycles. A single proton
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contains an internal cycle that is largely self-closing but
remains sensitive to disturbance when another proton
approaches at femtometre distances. A neutron, by contrast,
possesses a similar but not fully self-closing cycle and is
unstable in isolation. When a proton and neutron pair, their
complementary quark compositions allow their cycles to
interlock, closing one another’s stabilisation loops and fully
suppressing outward cycle radiation. This paired state forms
a stable structural unit—the fundamental building block of the
nuclear shell.

Shells therefore arise not from quantum statistical occupancy
alone but from geometric arrays of P-N cycle-closed pairs.
Only proton—neutron pairs can occupy the same alignment,
because only they create a fully sealed cycle system. Two
protons cannot form such an alignment due to destructive
interference between identical cycles, and two neutrons
cannot do so because their cycles lack the complementary
structure needed for closure. Thus nuclear shells consist of
closed P-N units arranged in geometric layers, much as
electron shells consist of paired spin states. Once all protons
are paired, surplus neutrons are incorporated into the structure
as buffers that absorb and redistribute cycle conflict in
densely packed proton regions. These unpaired neutrons
cannot close their cycles and therefore remain internally
unbalanced, contributing local instability. In light nuclei this
imbalance is minimal, but in heavy nuclei the accumulated
tension from many unpaired neutrons becomes significant,
leading to B-decay, neutron emission, or the onset of fission.
This structural interpretation integrates naturally with the
observed N/Z curve. Light nuclei require nearly equal
numbers of protons and neutrons, as geometry allows protons
to be distributed without excessive conflict. Intermediate
nuclei require progressively more neutrons to buffer crowded
proton regions. Heavy nuclei demand substantial neutron
excess to compensate for the combinatorial growth of proton—
proton conflict. Nuclear shells thus reflect not arbitrary magic
numbers but the geometric arrangement and stabilisation
capacity of P-N cycle-closed units, together with the
structural role of unpaired neutrons in maintaining overall
coherence.

10. A Final Unifying Observation: Why Protons
Behave So Differently from Electrons

There is one more contrast that completes the picture: the
profound difference between the electron and the proton not
only in mass but in radiative behaviour. This distinction,
though seldom highlighted in nuclear narratives, is essential
to understanding why nuclear matter organizes itself the way
it does. The electron is intrinsically radiative. Even in atomic
systems, it continually adjusts its energy balance through
rapid emission and absorption of photons—high frequency,
high energy, and tightly coupled to its tiny mass and strong
self-interaction. This is why, in atoms, electrons form well-
defined shells, why they display pronounced energy
quantisation, and why their behaviour is dominated by
radiative self-stabilisation. The proton is the opposite. Despite
being a charged particle, the proton hardly radiates at all. Its
much greater mass—1836 times that of the electron—its
composite internal structure, and the enormous rigidity of the
strong-interaction binding inside it ensure that any
electromagnetic radiation it emits is extremely low frequency

and extremely low energy. Crucially, a proton in a bound
nuclear state radiates essentially nothing. It is, for practical
purposes, electromagnetically inert at nuclear distances. This
single fact explains why nuclear architecture is governed
almost entirely by proton—proton conflicts and neutron
mediation, rather than by proton radiation. Protons do not
shed energy the way electrons do. They do not self-adjust by
photon exchange. They contribute electric fields and
geometric crowding but not radiative relief. Therefore, the
stabilisation of crowded proton regions must come from
neutrons, not from radiative processes. In other words:
electron structure is radiatively dynamic; proton structure is
radiatively inert. This is why the electron’s world is defined
by shells and photons, while the proton’s world is defined by
geometry, clustering, and neutron buffering. This contrast
completes the internal logic of the nucleus. Once one
recognises that protons do not self-regulate radiatively, the
necessity of neutrons—and the elegant proportionality of
neutron numbers in real nuclei—becomes unavoidable.

11. Conclusion

This paper proposes that nuclear stability arises from cycle
matching rather than force balancing. Proton—neutron pairs
form closed stabilisation units that suppress outward radiation
from their internal strong cycles. Neutrons act not as passive
mass carriers but as active structural elements, buffering
proton cycles and enabling the formation of progressively
larger nuclei. Within the nucleus, Coulomb interactions
become negligible; internal cycle dynamics dominate
entirely.

This reinterpretation offers simple, natural explanations for
nuclear binding, isotopes, and the limits of nuclear stability—
domains in which conventional nuclear models rely on
mathematical potentials but provide little physical intuition.
AND Theory introduces a coherent structural foundation for
nuclear architecture, grounded in internal energetics rather
than abstract residual forces. It replaces the idea of force
mediation with a physically accessible mechanism:
complementary cycles attract, incompatible cycles repel.

In this view, the nucleus is not held together by exchanges of
virtual particles but by the intrinsic compatibility of internal
quark cycles. The result is a unified, classical, and visually
intuitive picture of nuclear cohesion, capable of clarifying
long-standing conceptual puzzles in nuclear physics.
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