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Abstract. This paper identifies a regularity in the composition of isotopes and the magic
number phenomenon, where nuclei exhibit enhanced stability when the number of nucleons, A,
approaches or equals S(S+1) - 2. Using S as the shell number, we derive a nucleon
arrangement model consistent with magic numbers and the evolution of shell structure. These
patterns emerge from an intriguing torus-helix model with three lobes, resembling Kelvin and
Maxwell's concept of vortex structures, and align with Rutherford's neutron hypothesis.
Furthermore, the proposed toroidal helix nucleon cloud model, which possesses a string-like
structure, aligns with the concept of “interactions between strings” insightfully observed in
resonance states and Veneziano four-point amplitudes in String Theory.
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1. Introduction

The nuclear shell structure, characterized by magic numbers, is a fundamental concept in nuclear
physics [1-7]. Despite its significance, the microscopic origins of this structure are still actively
debated. Circular and elliptical motions are two-dimensional and insufficient to describe the three-
dimensional nature of atoms, such as the external single electron of hydrogen atoms [8] and the three
quarks within a single proton [9]. This prompted us to explore diverse motion patterns capable of
forming a spherical shape. Among various three-dimensional configurations, our attention was
captivated by a three-lobed structure resembling a DNA-like double helix connected at both ends, bent
into a ring-shaped standing wave. This trefoil knot vortex structure, extendable from a torus to a
sphere, possesses an intrinsic spin of two loops (see figure 6) and resembles fundamental atomic
components. Microscopic vortices and knots have been widely studied [10—16]. Comparing this
structural unit with the characteristics of neutrons and protons, we gradually made several discoveries,
including the correlation of combined results from multiple units with isotopic compositions and
magic numbers.

This exploration has led to the identification of a closely packed nucleon arrangement pattern.
According to this arrangement pattern, we initially observed that nucleons in 2®Pp could form a
complete pattern, with the nucleon number A = 14(14+1)-2. Subsequently, we found that 37.2% of
naturally occurring even-Z isotopes with the highest relative abundance were associated with the
relation A = S(S+1), where S denotes the total number of shells. This relationship correlates with the
inversion of elemental atomic weights. From this, we inferred that nucleons in 2Pb closely aggregate
to fill S2 to S14 shells in a specific spatial pattern, and we extrapolated similar arrangements for other
magic nuclei. Guided by this preliminary configuration, we deduced rules governing nucleon
arrangements based on unique combinations of neutron and proton numbers in various isotopes, where
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neutron or proton totals align with certain closed-shell configurations, a topic explored in Section 4.
The torus helix “nucleon cloud” model is introduced in Section 5.

Preliminary analysis suggests that the clustered patterns of nucleons in our model align with
collective resonance phenomena. The three-dimensional torus shell distribution patterns of nucleons
suggest its association with the neutron skins and halos phenomenon. Furthermore, our proposed torus
helix nucleon model must possess string-like properties due to its pattern of interaction and close
packing, which has interesting connections with string theory and has prompted further exploration.
The origin of string theory lies in the Veneziano four-point amplitude, which may describe the
vibrational modes of strings and their interactions (scattering amplitudes) with hadrons [17-22].

2. Nucleon Count A=S(S+1)-2 in Isotopic Compositions

The isotopic composition of elements [23] provides a quantifiable foundation for delving into
concealed intricate microstructures. We conducted a comprehensive investigation into the nucleon
numbers of naturally occurring isotopes across all 43 even-Z elements. Within this exploration, a
remarkable revelation surfaced — nine elements exhibited their most abundant isotope with nucleon
numbers conforming to the relation:

A=S(S+1)-2, (1)

where A represents the nucleon number, and S takes on positive integer values. Among these nine
nuclides, four were doubly magic nuclei, including 2Hes, 20Caz, $2Pb12¢ and 14Sii4. The roster also
included the magic nucleus ¥Srsy with a neutron number of 50 and the heaviest known stable nuclide,
281, Furthermore, five nuclides with the highest relative abundance aligned with A = S(S+1). These
nuclides were 2C, 2N, Fe, 132Xe, and the magic nucleus *°Zrso. Figure 1(a) presents a bar chart
illustrating the relative abundance of naturally occurring even-Z isotopes.

Preliminary results indicate that approximately one-third of even-Z elements reveal a continuous
shell pattern, as shown in the top row of figure 1(a), with S values ranging from 2 to 15. A preliminary
matching of S shell levels can be made based on the neutron and proton numbers of each nuclide.
Figure 1(b) categorizes the most abundant isotope of each element into respective shell levels,
displayed in vertical columns, while showing the difference between the nucleon number of the
isotope and S(S+1) in horizontal rows. Each magic nucleus corresponds to a specific S shell level
based on the associated magic number. This graph clearly highlights the notable alignment of nucleon
numbers within the heavy nuclear region. Specifically, nuclides such as °Hf, 2®pp, 28U, and 2"°Hs
adhere to the relation (1), corresponding to shell levels 13, 14, 15, and 16. The inclusion of A=270 is
substantiated by data sourced from the NuDat database, where the Delta Alpha Q-value plot indicates
that the proton number 108 and neutron number 162 exhibit characteristics indicative of magic
numbers. Furthermore, the three even shell levels, S8, S10, and S12, do not align with any magic
numbers. A potential explanation for this observation lies in the stability conferred by odd closed
neutron-shell configurations. Specifically, for the proton numbers associated with these three shells,
neutron numbers tend to adhere to a stable ratio range, and when these neutrons self-organize into odd
closed shells, they exhibit greater stability than in even shell configurations. Specific nucleon
arrangement patterns, such as those corresponding to magic numbers, will be discussed in Section 4.

In conclusion, this hierarchical ordering of stable isotopes suggests the presence of a pattern
resembling fully occupied shell levels in nucleon arrangement.

3. Nucleon Count A=S(S+1)-2 in the Inversion of Elemental Atomic Weights

It’s worth noting that among the stable isotopes listed in figure 1(b) that adhere to the relation (1), “4r,
1307, and 38U are linked to a phenomenon known as the inversion of elemental atomic weights. These
isotopes possess more neutrons than the subsequent element in the atomic sequence (corresponding
isotopes [23] being ¥K, '*7I, and **"Np, respectively), resulting in a heavier atomic weight. Moreover,
the isotope 28Nizp notably exhibit fewer neutrons, while ®Ph have more neutrons. Additionally,
among the isotopes of tellurium, 27e is the most stable, whereas the most abundant isotope, 3°7e,
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exhibits both a lower average binding energy and undergoes 2B- decay due to an excessive number of
neutrons. Similarly, within the isotopes of the element iron, *Fe exhibits the highest average binding
energy, while Fe exhibits the highest relative abundance. In contrast, 3*Fe with Neutron Magic
Number 28, has a lower abundance. All these phenomena are closely associated with the relation (1).
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(a) The bar graph illustrates the relative abundance of even-Z isotopes. The natural element sequence reveals 15
consecutive levels. (b) Vertical columns represent the S levels corresponding to even-Z isotopes with the highest
relative abundance, based on the relation A = S(S+1) - 2 and certain nucleon arrangement rules. Horizontal rows
display the relationship between nucleon number and A = S(S+1) for each isotope. The figure indicates that
37.2% of isotopes are relatively concentrated around A = S(S+1) - 2. Data sourced from NIST [23].

Figure 1. Pattern of even-Z isotopes with the highest relative abundance.

4. Arrangement Patterns Corresponding to Magic Number Phenomena

This section introduces a nucleon arrangement model that aligns with the potential indication of
relation (1). Within this model, we have derived specific schemes for the spatial distribution of
nucleons corresponding to magic numbers. Figures 2 and 3 illustrate the nucleon distribution patterns
in a cutaway view, originating from a three-dimensional helical closed-string nucleon cloud structure.
Our analysis draws parallels to the extranuclear electron cloud, conceptualizing individual nucleons as
orbital clouds. This framework provides a foundation for studying how nucleon clouds interact,
particularly the electromagnetic interactions among nucleons.
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(al, a2) Each nucleon consists of three rotationally symmetric units, closely packed to form a hexagonal pattern.
Green circles arranged in a parallelogram indicate full shell occupation, achieving the total nucleon count A =
S(S+1). (c) According to pairing effects [2, 9, 24-27], two anti-parallel protons exhibit a uniform arrangement in
the S2 shell (self-organization), while two anti-parallel neutrons occupy the S1 shell. In this scenario, four
nucleons couple to a state characterized by angular momentum zero, forming *He with spin-zero. (b2) Center
cross-section diagram based on the three-dimensional structure model of “He. (b1) Perspective view of the three-
dimensional model of “He: Two protons (3 and 4) exhibit a uniform distribution in the S2-torus shell, while two
neutrons (1 and 2) exhibit a uniform distribution in the S1-torus shell. The analysis draws parallels to the
extranuclear electron cloud, conceptualizing individual nucleons as orbital clouds.

Figure 2. Principle of arrangement model.

As is well known, the Standard Model of particle physics describes nucleons as composed of three
quarks [28]. SLAC deep inelastic scattering experiments [29, 30] have revealed that the constituents of
a proton exhibit a 1/3 baryon number [31]. Consequently, we postulate that each nucleon comprises
three geometric units that exhibit rotational symmetry. Given the similar behavior and comparable
masses of protons and neutrons, implying analogous structures and shapes, we further assume that the
three geometric units of neutrons and protons have the same circular cross-sections. Subsequently, we
present a nucleon arrangement principle demonstrated in figure 2, where nucleons are densely packed
with nucleon numbers A = S(S+1) when all the shells are filled. According to the phenomenon of
zero-spin and magic numbers, we deduce optimal arrangement schemes for Magic Numbers 2, 8, 14,
20, 28, 50, 82, and 126. Figure 3 illustrates the arrangement schemes for these magic numbers,
highlighting their common structural characteristics.

Neutron Magic Number 2 corresponds to a filled neutron shell in S1, forming a closed shell, as
shown in figure 3(al); Magic Number 8 corresponds to a filled neutron shell in S3, forming a closed
shell, as depicted in figure 3(b); Magic Number 20 involves expanding the shell to S5 based on Magic
Number 8 to form two closed shells, as presented in figure 3(c); Neutron Magic Number 50
corresponds to instances where shells S9 and S7 are filled with neutrons, forming two closed shells, as
shown in figure 3(d). Proton Magic Number 50 corresponds to six odd-numbered shells filled with
neutrons, as presented in figure 3(e). In this case, the neutron number is Magic Number 82. Based on
the nucleon number of 2%®Pp, Proton Magic Number 82 corresponds to seven even-numbered shells
filled with neutrons, as depicted in figure 3(h). In this scheme, the neutron number is Magic Number
126. Significantly, as 126 neutrons and 82 protons reach a filled arrangement, each neutron is adjacent
to at least one proton, resulting in a structure maintaining impeccable sixfold symmetry. Neutron
Magic Number 28 corresponds to instances where even-numbered shells S6, S4, and S2 are filled with
neutrons, as shown in figure 3(g); and Magic Number 14 [32] corresponds to instances where even-
numbered shells S4 and S2 are filled with neutrons, as depicted in figure 3(f). In all instances in figure
3, the arrangement of neutrons distinctly showcases the importance of maximizing closed neutron
shells. Moreover, each neutron being directly adjacent to at least one proton highlights the significance
of proton-neutron coupling.
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Odd closed neutron-shells: S1, S3, S5, §7, §9, S11
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Blues represent neutrons, and reds represent protons. (al) Sectional diagram illustrating an arrangement mode
for “He with Magic Number 2. The cross (x) symbol indicates an inward direction into the paper, and the point
symbol indicates an outward direction. (a2) Center cross-section diagram based on a three-dimensional orbital
cloud model of “He. (a3) Side view of shell distribution. (b) %0 with Magic Number 8. Two adjacent protons
must be aligned antiparallel to each other. (c) “°Ca with Magic Number 20 [32], derived by adding shells from
160. (d) Magic Number N = 50, and N = 30 [33]. (e) Magic Number Z = 50 and N = 82, complete six odd-
numbered closed neutron shells. (f) 28Si with Magic Number 14 [34], two even-numbered closed neutron shells;
220 with Magic Number 14 [34]. (g) ®°Cr with Magic Number N = 28, three even-numbered closed neutron
shells, derived by adding shells from 28Si; #2Si [32, 35] with N = 28, Z = 14. (h) Magic Number Z = 82 and N =
126. Nucleons filled the S2 to S14 shells, and all nucleons participated in N-P pairing [36], considering maximal
symmetry and the neutron skin phenomenon of 2%6Pb.

Figure 3. Schematic of arrangement corresponding to magic numbers.

The above-mentioned arrangement model incorporates several essential rules and principles. It is
crucial to identify commonalities among all nuclides while ensuring that any rules align with the
inherent properties of atomic nuclei and nucleons. Below is a further discussion on the arrangement
model:

1. Pairing Resulting in Zero Spin [37]: Pairing effects in even-even nuclei result in a total angular
momentum of zero. Typically, protons (or neutrons) pair up in twos, exhibiting rotational symmetry
and antiparallel arrangement, as depicted in figure 2(b2). This rule adheres to the Pauli exclusion
principle.

2. Maximizing Neutron-proton Coupling: Neutron-proton interactions are crucial for binding the
nucleus maximally, and nucleon arrangements need to maximize N-P coupling [38]. As shown in
figure 3, N-P pairing occurs between adjacent neutrons and protons. This relates to the charge
independence of nuclear forces, which do not distinguish between protons and neutrons. Guided by
pairing correlations and the Pauli exclusion principle, experimental data of average binding energies
suggest that both parallel and antiparallel proton-neutron combinations contribute to the binding



ICPSET-2024 IOP Publishing
Journal of Physics: Conference Series 2843 (2024) 012002 doi:10.1088/1742-6596/2843/1/012002

energy. This contribution is evident in the binding energy data for {H1(1112 keV), 1H2(2827 keV), and
2Hey (2573 keV) states, for instance. Data sourced from NuDat. Also refer to [27].

3. Filling each shell sequentially: This aligns with the nucleon number pattern, directing cohesion
within the nucleus toward the central high-density region.

4. Symmetry: The stability of atomic nuclei is positively correlated with the symmetry of nucleon
arrangements.

5. Neutrons segregating or surrounding protons.

6. Formation of closed neutron shells: This is a factor in the magic number phenomenon.
Experimental evidence suggests a quasi-bound resonance-like feature between neutrons [39].

7. Proton Pairing: Even in a two-dimensional arrangement, protons are difficult to separate
individually by a limited number of neutrons. This suggests that a tightly bound nucleus should have
adjacent protons. As depicted in figure 3, two adjacent protons must be oriented in opposite directions,
aligned antiparallel to each other, and there are no more than 11 consecutive adjacent protons. This
gives rise to a novel concept, suggesting that electromagnetic attraction might occur between protons
with a parallel arrangement, contributing to the counteraction of strong Coulomb repulsion.

8. Simple Patterns [40-46]: Many nuclei exhibit remarkably simple regularities [40]. The
configuration pattern depicted in figure 3 follows clear rules of simplicity. For instance, the number of
nucleons that a single shell can accommodate increases by increments of +2. The S1 shell
accommodates two nucleons, the S2 shell accommodates four, and so forth.

The two-dimensional nucleon arrangement model presented in this section aligns with various
manifestations of nucleons. However, the physical world operates in three-dimensional space. In the
subsequent section, we will introduce a fundamental overview of the three-dimensional model
framework for nuclear structure, essential for capturing a wider range of nuclear properties.

5. A Preliminary Overview to the Fundamental Three-Dimensional Structural Model

In experimental observations, nuclei near closed shells exhibit a spherical shape, indicating a state of
spherical equilibrium. Afomic nuclei exhibit a well-defined size and edge, while protons, as revealed
by electron-proton scattering, lack a well-defined edge. Circular and elliptical motions are two-
dimensional and insufficient to describe the three-dimensional nature of atoms, such as the external
single electron of hydrogen atoms and the three quarks within a single proton. This prompted us to
explore diverse motion patterns capable of forming a spherical shape. Among various three-
dimensional configurations, our attention was captivated by a three-lobed structure resembling a
DNA-like double helix connected at both ends, bent into a ring-shaped standing wave. This structure,
extendable from a torus to a sphere, possesses an intrinsic rotational period of two loops, equivalent to
720 degrees. Comparing this structural unit with the characteristics of neutrons and protons, we
gradually made several discoveries, including the correlation of combined results from multiple units
with isotopic compositions and magic numbers.

We transformed the double helix with a wave number of 1.5 into a toroidal structure with standing
wave characteristics, as depicted in figure 4. Figure 4(al) illustrates a three-dimensional representation
of a model unit created by bending the double helix with a wave number of 1.5 into a smoothly
connected torus-helix structure. The top view in figure 4(a2) highlights its tri-symmetric feature.
Figure 4(bl) demonstrates the uniform distribution of two model units on a torus, with the central
regions of these units in close proximity. Furthermore, figure 4(b2) presents a cross-sectional structure
at the region of highest density in the central area. This structure corresponds entirely to the two-
dimensional model detailed in the preceding section, offering the complete three-dimensional shape of
the two-dimensional model. Figure 4(c) presents a perspective view of the four nucleon clouds within
‘He.
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(al) Schematic representation of a toroidal structure formed by bending a double helix with a wave number of

1.5. (a2) Top view of the three-dimensional model. (b1) Two helix units evenly distributed on a torus. (b2)

Cross-sectional structure at the core of highest density in the central area. (c) Perspective view: 4 nucleon clouds

within “He.

Figure 4. A fundamental contour for nucleon.

We refer to the model depicted in figure 4(al) as a “torus helix unit,” characterized by its
fundamental attributes of exhibiting triple rotational symmetry and a smooth curvature along a torus.
When multiple torus helix units closely intertwine as shown in figure 4(c), all unit centroids overlap,
and they organize into concentric shells while maintaining individual spatial independence. An idea
emerging from this model is the overlap and arrangement of all nucleons within the nucleus into
concentric shells, making it visually impossible to distinguish individual nucleons in the appearance of
the atomic nucleus.

For this distinctive and unconventional form, we aim to strengthen the alignment between our
model and experimental findings or physical phenomena. For instance, a study exploring toroidal
configurations experimentally observed numerous excited states of '*C decaying primarily into three
alpha particles. Notably, the triangular clustering of these alpha particles exhibits significant overlap
with a torus [47-48]. Below, we present preliminary insights into the potential utility of this model in
elucidating certain nuclear characteristics.

A

mY-0
Electron  4fy3x2-y?)  mw<o [PIPEELY Down |

(a) The 4f.y(3x2-y?) orbital, see Ref. [49].
(b) Two torus-helix units.
(c) The 6f.xz? orbital, see Ref. [49].
(d) Multiple torus helix units. Here, a novel
concept suggests that electromagnetic attraction
might occur between protons with a parallel
arrangement, contributing to the counteraction of
the strong Coulomb repulsion. Similarly, there is
also electromagnetic attraction when the direction
Electron 6fxz2 16 nucleons (0, 4 torus-shells) of opposite charges is antiparallel.

() (d)

NG

Figure 5. Comparing the shape of the torus helix model to the probability density iso-surfaces of
hydrogen atomic electron orbitals.

1. Describing the Shapes of Nucleons: Our analysis draws parallels to the extranuclear electron
cloud, conceptualizing individual nucleons as orbital clouds. As probability distributions derived from
wave functions form the foundation of our understanding, comparing the imagery of the torus helix
model to probability density distribution images of extranuclear electrons obtained by solving the
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Schrodinger equation, as shown in figure 5, it is evident that the torus helix model fundamentally
aligns with the principles of the Schrodinger equation. The left and right images in figure 5 both define
various quantum states, including radial quantum numbers, angular momentum quantum numbers, and
magnetic quantum numbers, and can be transformed into a toroidal shape. The transition between the
torus helix and the sphere helix is shown in figure 5. Both the torus helix units and the sphere helix
units exhibit the characteristics of standing waves.

2. Microscopic Theories: Figures 4, 5(b), 5(d), and 6 illustrate the vortex model, which builds upon
microscopic theories studied by scientists such as Maxwell and Kelvin [10-16]. Maxwell spent a
considerable amount of time studying molecular vortex theory [10, 11], and Kelvin proposed that
atoms (then considered as fundamental particles) could be described as knotted vortex rings [12, 13].

3. Neutron Skin and Neutron Halo: The outermost shell of the nuclear model is evidently Sl,
followed by S2. When the outermost shells are all occupied by neutrons, a neutron skin or neutron
halo forms. The model image in figure 5(d) illustrates four torus helix units within the S2 shell. During
a decay in heavy nuclei, four nucleons are emitted. According to the arrangement model, it can be
inferred that all four nucleons in the outermost S2 shell are more likely to collectively depart from the
parent nucleus.

4. Triple Rotational Symmetry: As depicted in figure 4(a2), this triply symmetric shape resembles a
Mobius strip, featuring three 180-degree torsions, resulting in a spin period of 720 degrees.

5. Precession: The torus helix units are formed by dual helices surrounding a central point, similar
to a spinning top. Neutrons are electrically neutral particles with a non-zero intrinsic spin, which
makes them sensitive to magnetic fields. When a neutron is placed in a magnetic field, its spin
precession occurs around the direction of the field, leading to a phase shift that can be experimentally
observed [50, 51].

6. Short-Range Nature of Nuclear Forces: As seen in figure 5(d), the denser central region
corresponds to enhanced nuclear forces, unequivocally demonstrating the short-range nature of nuclear
forces.
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(a) A thrice-twisted double-helix-closed-String and expanded to reveal a thrice-twisted double helix. Bottom pic
is taken from [16]. (b) Increasing the diameter of the helix transforms the toroidal shape into a spherical form
while preserving the double helix feature within. (c) Schematic representation of the transition from a multi-shell
torus helix to a multi-shell sphere helix.

Figure 6. Transition between torus helix and sphere helix.

7. Collective Resonances: As depicted in figure 5(d), all nucleons closely couple in the central
region, a structural configuration in accordance with the characteristics of nucleonic collective
resonance.

8. Transformation into Sphere Helix: The torus helix can be transformed into a sphere helix, as
illustrated in figure 6. Figure 6(b) presents a three-dimensional model, demonstrating that the double
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helical property is retained within a spherical configuration. Figure 6(c) depicts the transition from a
multi-shell toroidal structure to a multi-shell spherical structure.

9. Helix Structure and Symmetry: The helix structure can be either right-handed or left-handed, and
this property remains invariant regardless of the reference frame. Flipping the torus helix by 180
degrees keeps its shape unchanged.

10. Electromagnetic Interactions: Nucleons carry positive or negative charges, thus exhibiting
attractive or repulsive interactions. The vortex helix nucleon model must possess string-brane
properties due to its pattern of interaction and close packing. String theory [17-22] may further
validate this model. A schematic representation of the hypothesized nucleon-nucleon interaction
mechanism is shown in figure 8.

11. Electromagnetic Resonance Phenomena [52, 53]: Figure 9 shows the electromagnetic
oscillation phenomena observed in the BESIII experiment [53]. The nearly orthogonal oscillations are
attributed to the influence of resonant structures. We hypothesize, with cautious optimism, that the
vortex helix nucleon model exhibits potential validity for electromagnetic resonance.

6. Correspondence with Magnetic Moments and Spin

Our model necessitates an accurate depiction of the nucleon arrangement patterns for all nuclides in
their ground states. Upon examining the nucleon arrangement schemes for a broader range of nuclides
based on specific neutron and proton numbers, it is observed that individual unpaired neutrons or
protons, in certain instances, can only be arranged in the lowest S1 shell, while deviations in neutron
or proton numbers result in them being arranged only in the highest shell. This pattern aligns with
achieving the highest symmetry state when adhering to general rules. This observation is consistent
with the magnetic moments and spins of the corresponding nuclides, as detailed in figure 7. The
distribution of levels is similar to that of mainstream nuclear shell models. Concrete conclusions
require further comprehensive and in-depth investigations. Based on experimental effects such as
magnetic moments, spins, parity, and nuclear halos (skins), further comparisons can be made with
various nuclear structure models. Our model agrees with the principles of the Gamow shell model [54],
which efficiently describes weakly bound nuclear systems by considering both internucleon
correlations and continuum coupling.
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Figure 7. Nucleon arrangements and nuclear characteristics for selected nuclei.
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The vortex helix nucleon model exhibits string-like and brane-like properties, where nucleons, carrying positive
or negative charges, interact through attraction or repulsion. The illustrations provided here represent abstract
eigenstates and must theoretically consider quantum effects (quantum states). In our universe, electrons
predominantly spin to the left [S7]. Feynman noted, “In fact, it was checked right here at Caltech by Boehm and
Wapstra, that the electrons spin mostly to the left. (There were some other experiments that gave the opposite
answer, but they were wrong.)” For instance, electrons released by the decay of ®°Co exhibit left-handed spin
[58]. It can be inferred further that nucleons in matter are right-handed, while those in antimatter are left-handed
[57]. Furthermore, this can be linked to Rutherford's neutron hypothesis [42], where Rutherford posited, “We
also have strong reason for believing that the nuclei of atoms contain electrons as well as positively charged
bodies; the electron forms a very close and powerful combination with the positively charged units.”
Additionally, Wheeler suggested that perhaps the universe in its totality is made only of electrons, positrons, and
photons [59]. All charged particles participate in a collective resonance that confines them within the “nuclear
potential well”. In other words, electrons behave as quarks and engage in strong interactions, being closely
coupled within neutrons, thereby resolving the Klein paradox [60]. This speculation raises the possibility that
quarks, which may carry fractional charges, could represent different “resonant states [61]” (fundamental particle
resonances) in different environments. Two teams have observed that electrons can behave as if they had
fractional charges (such as -2/3) and do so without being nudged by an external magnetic field [62, 63].

Figure 8. Hypothetical model for nucleon-nucleon interaction mechanism.
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The BESIII experiment demonstrates that the effective form factor of neutrons exhibits periodic behavior, akin
to observations of the proton’s form factor. It is conjectured that the nearly orthogonal oscillations may result
from the influence of resonance structures [53]. Neutrons exhibit electric neutrality but internally contain both
positive and negative charges, while protons carry a charge of le+. Therefore, we infer that the model proposed
in this paper can be correlated with the electromagnetic oscillations of neutrons and protons.

Figure 9. Nucleon form factor |G| following the dipole law [53].
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7. Summary and Discussion

Our model proposes a three-dimensional configuration for atomic nuclei and nucleons, revealing a
dense interaction pattern resembling two-dimensional arrangements at the core section. The nucleon
arrangement aligns with experimental phenomena such as magic numbers, isotopic compositions,
collective resonances, magnetic moments, and halo structures. We further postulate that quantum
mechanical and relativistic effects are confined within the nucleon and electron clouds. The interaction
mechanisms between nucleon clouds are analogous to those between electron clouds. Inside the atom,
protons couple with extranuclear electrons and govern the fundamental patterns of their motion, while
free electrons escape the constraints of the atomic nucleus.

Delving deeper into this model reveals inherent complexities. Here, we summarize pertinent
discussions:

1. The shell model incorporates single-particle motion, where each nucleon possesses independent
spatial motion. The radial distribution of energy level density in nuclear shell structures is intricately
linked to the spatial distribution of nucleons. The arrangement of nucleons in spatial structures may
align with the micro-origin of energy level distributions described by quantum mechanical probability
densities [8]. The interaction mechanisms among nucleons remain uniform, whether in the ground
state of light nuclei or the ground state of heavy nuclei. Our proposed three-dimensional model
suggests a plausible scenario: in the high-density region of the core, local nucleon clouds exhibit
collective close coupling, while the nucleon density decreases in the outer regions, as illustrated in
figure 3(a3).

2. Our model suggests the necessity of subshells [3] in nucleon arrangements. 2*U contains clusters
corresponding to 82N + 50P, facilitating the production of a Ba nuclide. After absorbing a neutron,
25U undergoes asymmetric fission, producing a Ba. The double-humped fission yield curve for 23U is
almost exactly delimited. The asymmetry term is truly asymmetric [3]. The majority of fission events
result in a division where one fragment has not fewer than 82 neutrons, and the other not fewer than 50
[1]. Considering that the nucleon arrangements of heavy nuclei contain clusters corresponding to
magic numbers, we can attempt to correlate fission asymmetry with magic number phenomena.

3. Our research asserts that interaction mechanisms among nucleons must be consistent, whether in
light or heavy nuclei. The fundamental laws governing nucleon arrangements are universally
applicable. A study suggests that *2Si is nearly spherical shape [35]. Our research unifies nucleon
arrangement rules for both 28Si and “2Si.

4. Our model must account for deformation and shape coexistence within the nucleus. It is
preliminarily believed that due to different positions or combinations, the interaction of nucleon
strings in the central region of the model may cause different deformations.
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