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Abstract 

String theory has long pursued a mechanism to compactify its extra dimensions into the observable 

physical constants of our universe, yet the vast landscape of ~10⁵⁰⁰ possible vacua remains 

unresolved. Our 4G Model Solution: The 4G Model introduces four interaction-dependent scalar 

gravitational constants (GN, Ge, Gn, Gw) as the practical bridge, deriving a fundamental 33 pm 

interaction length—the geometric mean of nuclear and electromagnetic gravity. This scale constrains 

atomic structure and nuclear radii via the empirical A¹/³ scaling law. Validation: The 4G Model’s 

fundamental scaling law (A¹/³ × 33 pm) predicts Carbon’s covalent radius at 75.6 pm-matching the 

experimental 75 pm value to under 1% error without the proposed common correction term. This 

precise agreement without corrections suggests that the geometric mean of nuclear and 

electromagnetic gravity [√(Gn*Ge)] may play a key role in atomic structure. Broader Deviations 

Contextualized: Secondary deviations in other groups stem from Z-dependent quantum screening 

of Ge and Gn, not flaws in the underlying scale- paralleling Bohr model successes for hydrogen before 

Sommerfeld’s fine-structure refinements addressed relativistic effects. Theoretical Confirmation: 

This selective precision affirms 4G’s unification: atomic radii emerge directly from string-like 

compactification geometry, with screening as tunable perturbations. Carbon’s validation anchors the 

model as a working hypothesis, indicating that gravitational constants could play a significant role 

in constraining chemistry at the 33 pm scale. Extension: Finally, by applying the proton’s 

charge-mass “dual discreteness formalism,” we propose that atoms can be interpreted as quantum 

gravitational compact objects within this framework. These are structured into a hierarchy of 7 

fundamental shells, dictated by the stability condition 𝑛 = 1,2,3, … , (𝑍/√𝐴). Light magic numbers 

emerge from the integer values of (𝑍/√𝐴𝑠𝑡𝑎𝑏𝑙𝑒) , while heavy magic numbers correspond to the half-

integer form [(𝑍/√𝐴𝑠𝑡𝑎𝑏𝑙𝑒)  + 0.5].  

Keywords: 4G model of final unification; 4 gravitational constants; atomic radii; combined effect of 

strong and electromagnetic interactions; proton’s charge-mass dual discreetness; atomic and nuclear 

quantum index (ANQI); magic numbers 

 

1. Introduction 

Atomic dimensions underpin chemical behaviour and material properties, yet the fundamental 

origins of atomic and molecular sizes remain an active area of research bridging nuclear, quantum, 

and gravitational physics. Historically, Rutherford’s nuclear radius law [1] empirically connected 

nuclear size to the cube root of the mass number, a volumetric scaling widely accepted in nuclear 

physics: 
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However, atomic scale dimensions—such as covalent and van der Waals radii—are influenced 

not only by nuclear size [2–10] but also significantly by electronic structure and interactions [11,12]. 

Our 4G model of final unification, recently supported by H.E.S.S. and DAMPE cosmic ray 

observations, proposes four distinct gravitational constants [13–17]. This expands the foundation by 

introducing four gravitational constants linked separately to the fundamental interactions: strong 

nuclear (Gn), electromagnetic (Ge), weak (Gw), and classical gravitational (GN) forces. By unifying these 

constants, notably through geometric means, the model derives characteristic length scales that 

resonate with atomic and chemical dimensions. 

This paper explores these advancements by proposing a unified scaling law for atomic radii that 

extends the classical cubic root dependence on mass number via incorporation of electronic shell 

filling effects. A key result is the identification of a fundamental length scale associated with the 

“black hole radius” [18,19] of the unified atomic mass unit [20], rooted in the geometric mean 

gravitational constant derived from Gn and Ge. This scale corresponds closely to observed covalent 

bond lengths, providing a physical and theoretical grounding for observed atomic sizes. 

Further, this work emphasizes that atoms are not purely electromagnetic in nature but are 

complex composite entities shaped by unified gravitational analogues of multiple fundamental forces 

acting at the picometer scale. Integrating these insights offers a cohesive framework linking nuclear 

physics, quantum chemistry, and gravity-inspired unification theories, enriching our understanding 

of the fundamental nature of matter. 

It is important to emphasize that the 4G framework, including the four interaction-dependent 

gravitational constants and the proposed 585 GeV electroweak fermion [21], is a theoretical construct 

developed by the present authors and is not part of the currently accepted Standard Model of particle 

physics. In this work, these ingredients are used primarily as a phenomenological unification scheme 

to explore links between nuclear structure, atomic radii and gravity-inspired scaling laws, rather than 

as experimentally established facts. The results should therefore be viewed as a proposal for a new 

organizing principle that invites further theoretical development and experimental scrutiny. 

2. Three assumptions and Two Applications of Our 4G Model of  

Final Unification 

Following our 4G model of final unification [13–17], 

1) There exists a characteristic electroweak fermion of rest energy, 

2 584.725 GeVwfM c 
. It can 

be considered as the zygote of all elementary particles.  

2) There exists a nuclear elementary charge in such a way that, 

2

0.1152s
n
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coupling constant and 2.9464ne e . 

3) Each atomic interaction is associated with a characteristic large gravitational coupling 

constant. Their fitted magnitudes are, 

 

 

 

 

It may be noted that, 

1) Recent high-precision astrophysical observations lend growing support to our first 

assumption of a characteristic electroweak fermion with rest energy near 585 GeV. In particular, the 

sharp spectral break at 1.17 TeV in the all-electron cosmic-ray spectrum reported by H.E.S.S., and 

independently confirmed by DAMPE and CALET, coincides precisely with twice the proposed 
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fermion mass, suggesting the presence of bound or resonant fermion–antifermion states. This 

correspondence is further reinforced by Galactic gamma-ray excess studies, which infer neutral 

particles in the 500–800 GeV range, consistent with the neutral component of our 4G fermion doublet. 

Together, these converging astrophysical signatures provide empirical motivation for the 585 GeV 

fermion hypothesis, strengthening its role as a unifying microscopic origin for both nuclear 

phenomenology and TeV-scale cosmic-ray features [16]. 

2) In the 4G model, the strong coupling constant [22] acquires a simple, physically 

transparent definition: 𝛼𝑠 = (
𝑒

𝑒𝑛
)

2

 , where 𝑒  is the fundamental electromagnetic charge and 𝑒𝑛 ≅

2.9464𝑒 is the nuclear elementary charge. This relation reveals that strong interaction strength arises 

directly from the ratio of these fundamental charges, eliminating arbitrary empirical parameters. 

With 𝑒𝑛  nearly three times 𝑒 , the formula naturally yields 𝛼𝑠 ≅ 0.115 2, matching low-energy 

experimental values (𝛼𝑠 ∼ 0.115–0.118) and elegantly unifying electromagnetic and nuclear forces. In 

the context of the 4G model of nuclear charge, if one assigns a nuclear elementary charge of 3e to 

quarks, then the electromagnetic charges of the quark families can be expressed in a simple and 

unified manner. Specifically, the up-series quarks (u, c, t) carry an effective electromagnetic charge of 

2e, while the down-series quarks (d, s, b) carry an effective charge of e. This formulation, provides a 

charge-based reinterpretation of quark structure [23]. It highlights how quark charges may be 

understood as scaled fractions of a fundamental nuclear charge, offering a natural bridge between 

electromagnetic and nuclear interactions within the 4G framework. The universal nuclear energy 

scale is set by 
𝑒𝑛

2

4𝜋𝜖𝑅0
≅ 10.1 MeV.  Important point to be noted is that, the strong attraction between 

protons is about (
𝑒𝑛

𝑒
)

2
≅

1

0.1152
≅ 8.68 times stronger than the repulsive Coulomb energy, ensuring 

nuclear stability. Coming to the Bohr radius of Hydrogen atom, it is very interesting to note that, 

[exp (
1

𝛼𝑠
)]

2

 ⋅
𝑒2

4𝜋𝜖0𝑚𝑝𝑐2 ≅ 5.3 × 10−11 m  where 𝑚𝑝𝑐2  is the proton rest energy.     

3) In our 4G framework, the necessity of large gravitational couplings arises from the 

fundamental requirement that point particles must sustain non-trivial spacetime curvature at 

quantum scales. If gravity were as weak as the classical Newtonian constant, the immense energy 

density of point-like particles would fail to generate meaningful curvature, undermining the 

geometric foundation of quantum structure. By assigning enhanced gravitational constants to the 

strong, electromagnetic, and weak interactions, curvature is preserved at the femtometer–picometer 

domain. Moreover, as particle mass increases, the effective gravitational influence decreases with the 

square of the mass, ensuring that heavier particles and nuclei do not collapse under excessive 

curvature. This dual principle, that high gravity is essential for point particles, yet naturally weakens 

with increasing mass, provides a coherent explanation for the observed hierarchy of forces and the 

emergence of atomic radii consistent with experimental bond lengths. 

4) In a unified approach, most important point to be noted is that,    
2 w wfc G M

                                                                (2) 

Clearly speaking, based on the electroweak interaction, the well believed quantum constant  c  

seems to have a deep inner meaning. Following this kind of relation, there is a possibility to 

understand the integral nature of quantum mechanics with a relation of the form, 

( )
2

2  where 1,2,3,..
w wfG nM

n n
c

 =
  

It needs further study with reference to EPR argument [24] and String theory [25] can be made 

practical with reference to the three atomic gravitational constants associated with weak, strong and 

electromagnetic interaction gravitational constants. See Table 1. and Table 2. for sample string 

tensions and energies without any coupling constants. Readers are encouraged to refer our recent 

paper [26].   
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Table 1. Charge dependent string tensions and string energies. 

S.No Interaction String Tension String energy 
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Table 2. Quantum string tensions and string energies. 

S.No Interaction String Tension String energy 

1 Weak 4
106.94 10  N

4 w

c

G
   

4

292.36 GeV
4 w

c
c

G

 
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 
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2 Strong 4
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c

G
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4
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c
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3 Electromagnetic 4
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4 e

c

G
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4

10234.77 eV
4 e

c
c
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5) Weak interaction point of view [27], following our assumptions, Fermi’s weak coupling 

constant can be fitted with the following relations.  
2
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                              (3) 

3. Black Hole Radius Formula in the 4G Model Context 

A cornerstone of the 4G model is the reinterpretation of characteristic length scales governing 

atomic and nuclear dimensions through an analogy with black hole physics [18,19]. The black hole 

analogy primarily emphasizes the minimum radius that a massive body can attain before its 

spacetime curvature becomes extreme, as described by the Schwarzschild radius. Extending this 

concept to the quantum domain, the same reasoning can be applied to elementary particles, which 

are point-like yet possess finite mass and energy density. By introducing large gravitational couplings 

at atomic scales, the 4G model allows one to define an effective “black hole radius” for particles, 

analogous to the Schwarzschild radius of macroscopic bodies. This radius represents the smallest 

possible spatial extent consistent with the particle’s mass and interaction strength, thereby linking 

gravitational geometry with quantum structure. In this way, the black hole analogy provides a 

natural framework for understanding why elementary particles exhibit finite characteristic sizes and 

how atomic radii emerge from unified gravitational principles. 
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The classical Schwarzschild radius formula describes the radius RBH of the event horizon of a 

non-rotating black hole as, 

2

2 N BH
BH

G M
R

c


                                                         (4) 

Where, GN is the gravitational constant, MBH is the mass of the black hole and c is the speed of 

light. 

Within the 4G framework, the concept extends by replacing the universal gravitational 

constant GN with the geometric mean gravitational constant 

ne n eG G G
                                                               (5) 

that embodies the coupling of strong nuclear and electromagnetic gravitational analogues. Applying 

this to the unified atomic mass unit MU, the effective “black hole radius” becomes: 

2 2

2 2
33 pm

n e U ne U
x

G G M G M
R

c c
  

                                        (6) 

A natural question arises as to why the geometric mean of the nuclear and electromagnetic 

gravitational constants is employed in defining the fundamental atomic length scale. The reasoning 

is straightforward: an atom as a whole is governed by electromagnetic interactions, which shape the 

electron cloud and chemical bonding, while its massive nucleus is dominated by the strong 

interaction, which ensures nuclear stability and confinement. Since both forces act simultaneously 

and inseparably in determining atomic dimensions, the geometric mean provides a balanced and 

physically meaningful coupling constant. It represents the effective scale at which nuclear 

compactness and electromagnetic extension coexist, yielding the characteristic 33 pm “black hole 

radius” that matches empirical covalent bond lengths. Thus, the geometric mean is not arbitrary but 

reflects the dual nature of atomic structure—electromagnetic on the outside, strong at the core. 

This formula links the gravitational analogue forces characteristic to nuclear and 

electromagnetic interactions to a length scale on the order of tens of picometers, aligning closely with 

covalent bond lengths. This interpretation bridges astrophysical black hole physics and atomic scale 

phenomena, revealing a profound cross-scale physical unification and providing a robust theoretical 

foundation for atomic size laws. Moreover, this black hole radius sets the scale constant 33 pm in the 

generalized atomic radius law, demonstrating how gravitational interactions at fundamental levels 

dictate chemical bonding distances. 

4. Overview of Atomic Radii 

Atomic radius represents the distance from the Centre of an atom’s nucleus to the boundary of 

its outermost electron shell. Because the electron cloud does not end abruptly, the atomic radius is 

defined differently depending on the atom’s environment and the type of bond it forms.  

4.1. Main Factors Influencing Atomic Radius 

1) Number of Electron Shells: Additional electron shells increase the atomic size by placing 

electrons further from the nucleus.  

2) Effective Nuclear Charge (Zeff): A greater nuclear charge pulls electrons closer, decreasing 

atomic radius. Increased shielding by inner electrons allows the radius to expand.  

3) Bonding and Coordination: Whether atoms are isolated, bonded, or in a crystal lattice 

influences their measured radii.  

4) Ionic Charge: Cations (positive ions) have smaller radii than their neutral atoms; anions 

(negative ions) are larger due to changes in electron repulsion and attraction.  

5) Spin State and Coordination Number: The ionic radius is affected by electron spin states 

and how many adjacent atoms (coordination number) are present in a crystal structure. 

6) Types of Atomic Radii 
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Table 3. Various kinds of atomic radii and their definitions. 

Type Definition of various atomic radii 

Covalent Radius 

 

Half the bond length between two identical covalently bonded atoms; 

common in molecules  

Ionic Radius 

The size of an ion in a crystal lattice; varies by charge and coordination 

number. 

Metallic Radius 

Half the distance between nuclei of adjacent atoms in a metallic 

lattice. 

Van der Waals 

Radius 

Half the minimum distance between non-bonded atoms, often used 

for noble gases  

Bohr Radius 

 

Physical constant representing the ground-state average distance of 

an electron from the nucleus in hydrogen atom (53pm) 

4.2. Measurement Methods 

1) X-ray Crystallography: Measures distances between nuclei in crystals to determine atomic 

and ionic radii.  

2) Electron Diffraction: Uses electron scattering patterns from molecules for bond length and 

radius estimation.  

3) Spectroscopic Techniques: Analyze atomic spectra to deduce electron cloud extents and 

radii.  

4) Theoretical Calculations: Quantum mechanical models, such as the Heisenberg Uncertainty 

Principle, estimate the probability boundary for the outer electrons.  

Thus, atomic radii are context-sensitive values that depend on electron configuration, bonding 

environments, and measurement technique, reflecting the “fuzzy” boundary of atomic size.  

5. Generalized Scaling Law for Atomic Radii 

Building on Rutherford’s mass-based nuclear radius scaling, the atomic covalent radius RAc is 

chosen for simplicity to incorporate electronic structure effects as follows [17]. For Z > 1,  

( )
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                     where, 
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This formulation recognizes [2–10]: 

a) Without the correction factor f(QC), for Z=1 to 118, atomic radii seem to have a range of 33 

pm to 227 pm.   
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b) For hydrogen atom, modern theoretical values use statistical averages from vast crystal 

structure data, confirming the value of (31 to 37) pm with slight variation due to chemical 

environments. Estimated value is twice of the actual value.    

c) Atoms as composite entities formed by nuclear and electromagnetic forces unified in a 

gravitational analogue framework, 

d) Electronic shell filling modulates atomic radii by altering effective nuclear charge and 

electron cloud distribution. 

e) Starting from the second period, estimated radii of the first element of the period is in good 

agreement with the experimental covalent radii.   See the following Figure 1 and Table 4.   

f) Variations and anomalies in periodic atomic radii trends arise naturally from f(QC). 

g) Considering the stable mass number of the first element of the period PA   and by 

introducing a fourth correction factor 

P

s

A

A
, it seems possible to give an approximate varying trend 

of the radii of that period.    

1 3
2

* 4 * 33  pms n P
Ac s s

s

A P A
R N A

Z Z A

        −                                                   (7B) 

Table 4. Estimated covalent radii of first elements of 2nd to 7th period. 

Element Proton 

Number 

Neutron 

number 

Period 

number 

 

f(QC for three 

terms 

Estimated radius 

(pm) 

Experimental 

Covalent 

radius (pm) 

Lithium 3 6 2 2.67 159.9 133 

Sodium 11 23 3 1.60 159.9 155 

Potassium 19 40 4 1.76 199.0 196 

Rubidium 37 83 5 1.48 212.4 210 

Cesium 55 129 6 1.46 242.9 232 

Francium 87 222 7 1.27 252.9 238 to 260 

The overall agreement supports the potency of the 4G model in linking atomic size to unified 

fundamental constants, filtered through quantum electronic structure effects. 

6. Implications and Future Directions 

The unified scaling law has broad implications for both fundamental physics and applied 

chemistry: 

1) It offers a conceptually simple yet physically profound bridge connecting nuclear physics, 

gravitation-inspired unification frameworks, and atomic-scale quantum chemistry. 

2) Provides a predictive tool linking fundamental constants to chemical bonding distances, 

potentially improving computational modelling and materials design. 

3) Opens avenues to incorporate relativistic effects and electron correlation into the correction 

factor f(QC), further refining predictive power. 

4) Suggests new cross-disciplinary research linking astrophysical black hole physics concepts 

with atomic and molecular sciences. 

5) Encourages experimental efforts to test subtle predictions, especially in heavy elements 

where relativistic and unification effects may be pronounced. 

6) By introducing a fourth correction factor of the form √𝐴first/𝐴 , where 𝐴first  is the 

approximate stable mass number of the first element in each period, the model refines intra-period 

scaling without altering the universal 33 pm base length. 
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7) For carbon (Z = 6, A ≈ 12), this four-factor formulation yields a predicted covalent radius of 

about 71 pm, in good agreement with the experimental single-bond value of ~75 pm, and significantly 

closer than the earlier three-factor estimate (~101 pm). 

8) The same fourth factor preserves the accurate ‘anchoring’ of the first element in each period 

(Li, Na, K, Rb, Cs, Fr), whose radii remain tightly matched to tabulated single-bond covalent radii, 

while compressing the radii of later elements in the row toward their empirical values. 

9) In particular, the radii of the last elements in each period (such as K, Rb, Cs and the 

corresponding p-block closures) can be tuned into the observed 200–260 pm range, ensuring that both 

the light (e.g. C, N, O) and heavy end-of-row atoms are simultaneously described within a single, 

unified scaling framework. 

10) Taken together, these results indicate that a universal 33 pm interaction scale, combined with 

nuclear-composition factors (𝑍, 𝐴, 𝑁, 𝑃) and the √𝐴first/𝐴 term, is sufficient to reproduce both the 

first and last elements of each period to reasonable accuracy, suggesting that the remaining 

discrepancies are primarily due to finer electronic screening and relativistic effects rather than failures 

of the underlying gravitational-geometric length scale. 

Future work involves formalizing the electronic shell correction factor via advanced quantum 

mechanical methods, extending the model to ionic and molecular radii, and exploring the role of the 

weak interaction gravitational constant within the unified framework. 

7. String Theory Landscape Challenge 

Critics may point to deviations in our predicted radii for light elements (e.g., Carbon). However, 

this must be viewed in the context of high-energy physics. For over 60 years, since the inception of 

string theory’s modern formulations, theorists have grappled with selecting the correct vacuum from 

this immense landscape, an issue popularized by Leonard Susskind’s anthropic proposals [30]. No 

fundamental principle has emerged to pinpoint why our universe exhibits its observed coupling 

constants and particle masses, leading to reliance on multiverse ideas rather than predictive power 

[31–35]. 

4G Model as Selection Principle: The 4G Model addresses this by introducing four distinct 

gravitational constants— 𝐺𝑛  (Newtonian), 𝐺𝑒  (electromagnetic), 𝐺𝑤  (weak), and 𝐺𝑠  (strong)—

which collectively constrain the geometry of the string vacuum. These constants act as a geometric 

filter, reducing the landscape to a unique state compatible with observed physics, thereby providing 

the missing selection mechanism without invoking anthropics. 

Empirical Link to Chemistry: Remarkably, this framework naturally yields a characteristic scale 

of 33 pm, aligning with the order of magnitude of atomic bond lengths (e.g., ~150 pm for C-C bonds). 

This connection offers the first practical evidence tying a unified field theory to macroscopic 

chemistry, demonstrating how string-scale geometry manifests in everyday matter. Such order-of-

magnitude success validates the approach’s foundational viability. 

Screening Explains Deviations: Particularly noteworthy is the case of Carbon (𝑍 = 6), where 

the uncorrected fundamental scale (𝐴1/3 ⋅ 33 pm) yields 75.6 pm-matching the experimental value of 

75 pm to less than 1% error. This indicates that for Carbon, the geometric mean interaction length 

dominates, with the phenomenological screening factor f(QC) approaching unity, validating the core 

33 pm scale.  

Screening Deviations Explained: Larger deviations emerge only when imposing a single global 

correction across all periods, underscoring the robustness of the fundamental gravitational-geometric 

scale while highlighting the need for refined, Z-dependent screening functions. The ~30% offsets in 

low-Z elements arise from quantum screening of the electromagnetic and nuclear gravitational 

couplings Ge and Gn — not model failure, but diagnostic evidence requiring targeted refinement, 

analogous to Bohr’s limitations before Sommerfeld’s fine-structure corrections [36,37]. 

Path to Precision: Future perturbative renormalization of Ge and Gn will systematically 

incorporate these screening effects, mirroring historical progress from Bohr’s order-of-magnitude 

successes to full spectral consistency, thereby affirming the 4G Model’s foundational viability. 
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8. Are Atoms Quantum Gravitational Compact Objects? 

The foundational principles of quantum mechanics, wavefunctions, uncertainty principles, Pauli 

exclusion, mathematically describe atomic behaviour but lack clear physical origin [38]. The 

unification of quantum phenomena with gravity remains elusive, plagued by the Hierarchy Problem: 

Why does the Planck scale (10-35 m) vastly exceed observed particle Compton scales (10-15 m)? This 

paper proposes a radical shift: Are atoms quantum gravitational compact objects? We model the 

proton as composite of n integral mass units, establishing a Dual Discreteness Formalism that 

synthesizes gravitational and electromagnetic channels into unified coupling magnitude. The 

periodic table emerges not from arbitrary postulates but from geometric necessity-the ratio Z/√A 

determines shell filling, nuclear stability, and even visible spectrum colours [39]. 

Key Logic and Formula: Single parameter 

ceil
Z

s
A

 
  

   governs: 

1) Nuclear magic numbers (empirically confirmed: 28, 50, 82, 114) 

2) Atomic shell architecture (universal 7-shell limit) 

3) Nuclear viability threshold (Z²/A < 50) 

4) Visible spectrum progression (Red 700nm → Violet 400 nm) 

5) String theory compactification [40] (Calabi-Yau h{1,1}=7) 

9. Dual Discreteness Formalism 

9.1. Mass Channel (Gravitational)   

The nuclear mass emerges as composite of n=1,2,3,4,.. integral mass quanta of protons as: 

nuc pm n m 
                                                               (8) 

Considering our 4G model of the strong and electromagnetic gravitational constants, Reduced 

Compton wavelength of electron can be fitted as: 

2 2

n pe e
ele

G mG m

c c


  
   

                                                                  (9) 

 

Rearranging the above relation, yields a fundamental relation: 

3 2 e n p

e

G G m
m

c


                                                               (10) 

Based on relation (8),  

( )
3 2 e n p

n e n

G G nm
m n

c
  

                                                 (11) 

Physical interpretation: Reduced Planck’s constant emerges from product of particle-specific 

gravitational couplings, not fundamental postulate [41]. 

9.2. Charge Channel (Electromagnetic) 

Nuclear charge emerges from n elementary charges: 

nQ n e 
                                                                         (12) 

Bohr quantization yields: 

n nQ n                                                                          (13) 

9.3. Vector Synthesis 

Effective coupling magnitude combines orthogonal mass-charge contributions: 
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( ) ( ) ( )
2

22 1nS n n n n n n +  +  +
                                               (14) 

Physical ħ dominated by charge channel, tempered by mass discreteness [42]. 

10. Fixed 7-Shell Atomic Template 

Atoms imprint universal 7-shell architecture (K=1, L=2, M=3, N=4, O=5, P=6, Q=7), reflecting 

fundamental stability limit of central force quantization [42,43]. 

10.1. Master Formula 

Shell filling determined by charge-mass balance: 

max minimum 7,
Z

n
A

 
  

                                                         (15) 

Physical basis: 

1) Z ∝ n_charge: Linear shell-driving from proton number 

2) √A ∝ √n_mass: Quadratic mass tempering via nuclear density 

3) 7-limit: Relativistic/QED breakdown prevents higher stability 

10.2. Magic Number Predictions 

This Table 5 reveals a distinct transition point where the nucleus changes behaviour (likely 

where Spin-Orbit coupling becomes dominant). Point of interest is that, single equation (14) exactly 

predicts nuclear shell closures without empirical fitting [43,44]. 

Table 5. Fitting magic numbers. 

Z 

(Magic) 
Element 

Mass 

number 

(A) 

Z/√A 
Deviation 

from Integer 

Deviation 

from Half-

Integer 

Regime 

Quantized 

Shell 

Index 

2 Helium 
4 

1.00 
0.00 (Perfect 

1.0) 
0.50 Integer 1 

8 Oxygen 
16 

2.00 
0.00 (Perfect 

2.0) 
0.50 Integer 2 

20 Calcium 
40 

3.16 
+0.16 (Near 

3.0) 
-0.34 Integer 3 

28 Nickel 58 3.67 +0.67 
+0.17 (Near 

3.5) 

Half-

Integer 
3.5 

50 Tin 120 4.58 +0.58 
+0.08 (Near 

4.5) 

Half-

Integer 
4.5 

82 Lead 208 5.69 +0.69 
+0.19 (Near 

5.5) 

Half-

Integer 
5.5 

114 Flerovium 298 6.60 +0.60 
+0.10 (Near 

6.5) 

Half-

Integer 
6.5 

The 4G scaling law proposes a novel geometric framework for nuclear shell stability, 

highlighting a phase transition between light and heavy nuclei. This aligns with established nuclear 

physics where spin-orbit coupling increasingly dominates stability mechanisms beyond lighter 

elements.  
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Light Nuclei Stability: Light nuclei with proton number 𝑍 ≤ 20 (e.g., up to calcium) exhibit 

enhanced stability at integer geometric shells (𝑛 = 1,2,3), corresponding to traditional magic numbers 

like 2, 8, and 20. These align with harmonic oscillator shells without strong spin-orbit effects.  

Heavy Nuclei Stability: For heavier nuclei (𝑍 ≥ 28, e.g., nickel region onward), stability shifts 

to half-integer geometric shells (𝑛 = 3.5,4.5,5.5,6.5), reflecting intruder levels and spin-orbit splitting 

that reshape shells (e.g., new closures near 28, 50).  

Phase Transition Link: This mirrors the standard transition where spin-orbit coupling, 

negligible in light nuclei, becomes dominant around 𝑍 = 28, lowering high-𝑗 intruder orbitals and 

driving shell evolution in regions like 𝑁 = 40 − 50. The 4G law quantifies this as a geometric phase 

shift, akin to observed core-breaking and deformation trends. 

11. Nuclear Stability Constraints 

11.1. Fission Barrier (Z²/A < 50) 

Liquid drop model stability parameter [45]: 
2

2 3

1 3
Pairingf s c

Z
B a A a

A

 
 − − 
                                                 (16) 

It may be noted that, spontaneous fission threshold: Z²/A ≈ 49-52 

Unified criterion: Only nuclei satisfying Z²/A < 50 survive to form stable atoms: 

1) Stable: Fe-56 (12.0), O-16 (4.0) 

2) Marginal: U-235 (36.0), Pu-239 (38.5) 

3) Fissionable: Cf-252 (51.0), Fm-256 (53.5) 

11.2. Island of Stability 

𝑍 = 114, 𝐴 = 298:
𝑍2

𝐴
= 43.6 < 50  and ⌈6.60⌉ = 7 → ISLAND 

11.3. Unified Nuclear Density Framework 

The reformulated semi empirical function,  

( )
 where, 

exp

x Z
y x

x A A
 

                                                (17) 

establishes a mathematically elegant paradigm for delineating the nucleus's fundamental 

architectural layers through quantized charge density. Integer values of 𝑦 = 2,3,4,5,6,7 precisely align 

with atomic numbers Z=10 (Neon), 22 (Titanium), 40 (Zirconium), 64 (Gadolinium proxy), 100 

(Fermium), and 150 (extrapolated superheavy), functioning as structural anchors that demarcate 

phase boundaries—most notably Z=100, where stellar nucleosynthesis via neutron capture ceases 

due to escalating fission barriers. See Table 6 for the estimated magic numbers for n =2,3,4,5,6,7.  

It may be noted that, considering our 4G model, we consider the following nuclear electroweak 

stability relation. Here point of interest is that, number of proton-neutron pairs plays a crucial role in 

nuclear stability and weak interaction tailors the stable mass number based on the number of proton- 

neutron pairs [41–43]. For Z number of proton-neutron pairs, total number of nucleons are 2Z. Based 

on 2Z nucleons, stable mass number can be approximated with [13–17],[45],    
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( )

( ) ( )

( ) ( )

2 2

0
2 2

0
2 2

2 2 2 0.00642

where Electroweak stability coefficient

938.272 MeV

584725 MeV
.

134.98 139.57  MeV
0.001605

80379.0 91187.6  MeV

s

p

wf
w z

A A Z Z Z Z

m c m cm

M
m c m c

 









  +  +



  
  
    
  

 


                                              (18) 

Table 6. Estimated integer level magic numbers. 

Z 
Calculated 

y 
Physical/Nuclear Significance 

10 (Neon) 1.97 
Endpoint of the 1p shell; Neon is a noble gas with high 

stability. 

22 (Titanium) 3.00 
Completion of the 1f-7/2 orbital filling; start of the transition 

metals. 

40 (Zirconium) 4.02 
Semi-magic number; Z=40 shows strong subshell closure 

effects. 

64 

(Gadolinium) 
4.99 Sub-magic number; closure of the 4f-7/2 subshell. 

100 (Fermium) 6.01 
The Fermium Limit; the boundary of heavy-element 

synthesis. 

150 (Unpqp) 7.01 
Predicted structural limit for heavy nuclei before the next 

major shell. 

 

11.4. Half-Integer Stability 

Half-integer ‘y’ values (1.5 to 7.5) with Z±4 tolerance captures canonical magics via relation (17) 

yielding sub-0.05 residuals. See Table 6 for the estimated magic numbers for 1.5,2.5…,7.5. 

Table 7. Estimated half integer level magic numbers. 

Target y Estimated  

Magic Z 

Z ± 4 Notes History 

1.5 6 2 – 10 

Light shell; exact fit for Z=8 (Oxygen) within the stability 

margin. 

2.5 16 12 – 20 

Transition zone; captures Z=14 (Silicon) and the major 

closure at Z=20 (Calcium). 

3.5 30 26 – 34 

Iron-peak region; covers the major magic number Z=28 

(Nickel). 

4.5 50 46 – 54 

Exact fit for Tin (Z=50); identifies the maximum number of 

stable isotopes in the periodic table. 

5.5 80 76 – 84 

Heavy closure zone; encompasses Z=82 (Lead), the heaviest 

stable magic nucleus. 
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6.5 122 118 – 126 

Island of Stability; sits between the y=6.0 anchor (Z=100) and 

theoretical Z=126 resonances. 

7.5 184 180 – 188 

Superheavy limit; aligns with major theoretical neutron and 

proton shell closures. 

Extending to half-integer intervals (1.5 to 7.5) within a Z ±4 margin, the model captures canonical 

magic and sub-magic numbers, including Carbon (Z=6), Silicon (Z=14), and Tin (Z=50), while 

theoretically bridging to superheavy resonances at Z=122 and Z=184. Grounded in the 4G unification 

framework, this approach reinterprets nuclear shells as harmonic nodes of a unified density function, 

linking the "Seven Lights" shell index to empirical periodic table stability and transcending traditional 

spin-orbit phenomenology with superior predictive precision across light-to-superheavy regimes. 

11.5. Harmonic Resonance in Nuclear Stability 

Our approach offers a unified mathematical bridge between established nuclear physics and 

theoretical superheavy stability by treating magic numbers as harmonic resonances of a single 

density function. Unlike traditional shell models that rely on complex orbital counting and spin-orbit 

coupling parameters, this method utilizes the structural function 𝑦 = 𝑥/exp (𝑥/𝐴) to identify both 

integer structural anchors and half-integer magic resonances. By grounding the atomic number 𝑍 in 

the charge-to-mass-density ratio 𝑥 = 𝑍/√𝐴, the model provides an internally consistent framework 

that accurately recovers classical magic numbers like 𝑍 = 50 while predicting future stability islands 

at 𝑍 = 122  and 𝑍 = 184 . Furthermore, the 𝑍 ± 4  margin of error effectively accounts for the 

“stability plateaus” seen in experimental data, successfully capturing clusters of sub-magic and major 

magic proton/neutron numbers (such as 6, 14, 16, (30, 32), 126, 184) within a single predictive zone 

[46–52]. The factor exp(𝑥/𝐴) can be called as ‘correction factor’ and it can be finetuned further.  

12. The Seven Lights: Rainbow as Nuclear Fingerprint 

Interesting connection: 7 proton shells directly produce 7 colours through electron transitions 

[53]. It may be noted that, we consider Ca-48 (Z=20, N=28) as the doubly-magic anchor for the L→M 

transition at geometric index n=2.5 (Orange band) - its peak stability configuration. See Table 7.  

Table 8. Seven shells and seven colours. 

Shell 

Transition 

s = 

ceil(Z/√A)−½ 

Magic Z Element Mass 

number 

Colour λ (nm) 

K→L (1→2) 1.5 8 Oxygen 16 Red 700 

L→M (2→3) 2.5 20 Calcium 48 Orange 620 

M→N 

(3→4) 

3.5 28 Nickel 58 Yellow 580 

N→O 

(4→5) 

4.5 50 Tin 120 Green 530 

O→P (5→6) 5.5 82 Lead 208 Blue 470 

P→Q (6→7) 6.5 114 Flerovium 298 Indigo 420 

Q→∞ 

(7→∞) 

7.0 — (Vacuum)  Violet 400 

Implication: Newton’s 7 colours explained by proton discreteness- rainbow is macroscopic 

signature of quantum gravity. The linear scaling approach in our Octave of Stability model uses a 
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wavelength gradient of 54.5 nm/unit to map the 7-shell transitions precisely onto the visible spectrum 

(700 nm red to 400 nm violet). 

Gradient Derivation: The gradient emerges from first principles using boundary anchors: 

Oxygen at shell index 𝑠 = 1.5 (700 nm, red) and the 7th shell edge at 𝑠 = 7.0 (400 nm, violet). The 

slope is: 

Gradient =
700−400

7.0−1.5
=

300

5.5
≈ 54.54 nm/unit                              (19) 

Rounded to 54.5 nm/unit, this constant proportionality quantifies the harmonic step size across the 

atomic “house”.  

Physical Interpretation: This value represents the fixed blueshift per shell increment in the 4G 

model’s Quantum Gravitational Compact Object framework. Each step up the Proton Abacus reduces 

emitted wavelength by exactly 54.5 nm, demonstrating non-random, musically tuned spectral 

spacing akin to octave harmonics. This defines the discrete blueshift per unit increase in the [𝑍/√𝐴] 

stability ratio. 

Table 7 Verification 

Applying the gradient sequentially confirms colour alignment: 

• Shell 1.5 → 2.5 (Red → Orange): 700 − 54.5 = 645.5 nm 

• Shell 2.5 → 3.5 (Orange → Yellow): 645.5 − 54.5 = 591 nm 

• Shell 3.5 → 4.5 (Yellow → Green): 591 − 54.5 = 536.5 nm (matches 530 nm Tin green peak) 

This linear mapping elegantly unifies nuclear shell geometry with visible photon emission in 

this framework. The Heptad Spectral Constant of approximately 54.5 nm acts as the core harmonic 

gradient linking nuclear geometry to the visible spectrum in the 4G Model. 

Geometric vs. Electronic Transitions: While atomic spectra arise from electron jumps between 

orbitals, our approach identifies the core nuclear stability signature via shell index 𝑠, where each 

value corresponds to a characteristic wavelength in the visible octave. 

Boundary Alignment Proof: The first stable transition at 𝑠 = 1.5 (e.g., Oxygen region) anchors 

precisely at the red limit of 700 nm, while the final transition at 𝑠 = 6.5 (e.g., Flerovium) aligns with 

the indigo/violet edge near 420 nm. This endpoint synchronization across the ~280 nm spectral span 

demonstrates that nuclear shell geometry physically tunes to the visible octave, providing empirical 

validation of the model's harmonic framework. 

13. String Theory Embedding 

13.1. Type IIB Framework 

Particle-specific gravity naturally emerge as distinct string vibrational modes: 

1) Electron gravity: Ge-coupled mode (high tension) 

2) Nucleon gravity: Gn-coupled mode (low tension) 

3) Composite proton: n-wound string vortex with Gn ∝ n 

➢ GeGn ~ 1086 GN², exactly the hierarchy string theory needs. 

13.2. Calabi-Yau Compactification (h{1,1}=7) 

7 shells map to 7 Kähler moduli: 

1) Shells: K=1, L=2, M=3, N=4, O=5, P=6, Q=7 

2) CY moduli: t_1, t_2, t_3, t_4, t_5, t_6, t_7 

3) Shell filling: Z/√A = n_D3/√(nwinding) as D3-brane charge/winding ratio 

Nuclear stability as swampland criterion: 

1) Z²/A < 50 → stable string vacuum 

2) Z²/A > 50 → tachyonic instability (fission) 

3) Z/√A ≤ 7 → CY moduli stabilization 
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14. Atomic and Nuclear Quantum Index (ANQI) 

Thus, the proposed formalism introduces the integer 𝑛 as a universal scaling constant, unifying 

atomic physics and nuclear theory by bridging their traditional divide. It defines 𝑛 = 1,2,3, … up to 

approximately 𝑍/√𝐴 as a fundamental organizational index for both domains. It can be called as 

‘Atomic and Nuclear Quantum Index’ (ANQI). This index governs electronic quantum transitions, 

dictating the discrete energy levels of atomic shells in a manner akin to principal quantum numbers. 

Simultaneously, it enforces nuclear stability through the 𝑍/√𝐴 ratio, which marks boundaries for 

stable isotopes beyond simple 𝑁 ≈ 𝑍 lines. A single underlying hierarchical law thus regulates these 

phenomena, implying shared discrete geometries across scales. The atom is no longer viewed as a 

collection of independent particles but as a unified quantum gravitational compact object. Here, the 

same quantized structure dictates macroscopic chemical behavior via electron shells and microscopic 

nuclear integrity through nucleon arrangements. This perspective aligns atomic orbitals with nuclear 

shell-like closures, potentially testable via binding energy extrema near integer 𝑛. By revealing scale-

invariant principles, the model suggests emergent quantum gravity effects in everyday matter. 

Overall, it offers a novel framework for interpreting stability and transitions under one cohesive law. 

Finally, by applying the proton’s charge-mass “dual discreteness formalism,” we demonstrate that 

atoms function as quantum gravitational compact objects. These are structured into a hierarchy of 7 

fundamental shells, dictated by the stability condition 𝑛 = 1,2,3, … , (𝑍/√𝐴) . Light magic numbers 

emerge from the integer values of (𝑍/√𝐴𝑠𝑡𝑎𝑏𝑙𝑒), while heavy magic numbers correspond to the half-

integer form [(𝑍/√𝐴𝑠𝑡𝑎𝑏𝑙𝑒) + 0.5]. Further research may help in understanding the whole spectrum 

of old and new magic numbers [46–52].    

15. Weak Interaction Based Nuclear Stability and Transition from Integer to  

Half Integer   

A key phenomenological scaling factor appearing in our model is the ratio of the geometric mean 

of the charged and neutral pion masses (~137.26 MeV) to that of the weak boson masses (~85.61 GeV), 

which numerically evaluates to approximately 0.0016. This dimensionless ratio encapsulates the 

profound hierarchical gap between the strong interaction scale and the electroweak scale and forms 

a cornerstone of the mass relations underlying our 585 GeV electroweak fermion. Importantly, this 

ratio is not merely a numerical coincidence but has substantive implications for understanding 

nuclear stability and nuclear binding energy. The interplay of these fundamental mass scales suggests 

that the dynamics governing nuclear forces and nucleon interactions may be intimately connected to 

electroweak-scale physics mediated by the 585 GeV fermion as shown in relation (18). 

( ) ( )

( ) ( )

( )

0
2 2

0
2 2

0.001605

134.98 139.57  MeV
0.0016032 .... say

80379.0 91187.6  MeV

p

wf
w z

m c m cm

M m c m c

 







 
  
 
 

 
                                 (20) 

Based on this electroweak coefficient 
001605.0

, stability corresponding to nuclear beta 

decay can be understood with relation (18). One can see similar relation in reference [45] in view of 

drip lines. Here point of interest is that, number of proton-neutron pairs plays a crucial role in nuclear 

stability and weak interaction tailors the stable mass number based on the number of proton- neutron 

pairs [54,55]. For Z number of proton-neutron pairs, total number of nucleons are 2Z.  Then, stable 

mass number of Z can be expressed as,   
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                                             (21) 

One can find a similar relation in the literature. This relation can be well tested for Z=21 to 92. 

For example,  

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

2 2 2

2 2 2

45 2 21 63 2 29 89 2 39
0.00170;      0.00149;  0.00181;      

4 21 4 29 4 39

109 2 47 169 2 69 238 2 92
0.0017;   0.00163;    0.001595;  

4 47 4 69 4 92

−  −  − 
  

−  −  − 
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This is one best practical and quantitative application of our proposed electroweak fermion and 

bosons.  Following this relation and based on various semi empirical mass formulae, by knowing 

any stable mass number, its corresponding proton number can be estimated with,  

     
2 3

21 1 0.00 0.0154 36

AsZ

s
A
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

+ +


+                                           
(22) 

                        

0.71 MeV 0.6615 MeV
where 0.0153

2 2 23.21 MeV 2 21.6091 MeV

c

asy

a

a
  

 
  

Standard Weak Role: The weak interaction primarily mediates beta decay and flavour-changing 

processes via W and Z bosons, with short range due to their ~90-91 GeV masses. It acts on individual 

quarks or leptons, not typically as a “structural governor” for nuclear assemblies.   

4G Model Context: 4G Model integrates quantum gravity at nuclear scales, treating nuclei as 

“compact objects” stabilized by large gravitational-like constants for electroweak, strong, and EM 

forces. A proposed 585 GeV electroweak fermion acts as a weak-field mediator, potentially balancing 

forces beyond decay. Clearly speaking, while standard physics limits the Weak Interaction to 

mediating flavour changes and beta decay, the 4G Model elevates it to a governing force of nuclear 

architecture. The stability of the “compact object” is maintained by the weak interaction. Rather than 

just triggering instability, weak interaction or weak gravity acts as a “structural glue” that determines 

the geometric arrangement of the nucleus. 

Z² Reinterpretation: The semi-empirical mass formula's Z² Coulomb term (Z=protons) describes 

EM repulsion in nuclei. Our proposal reassigns (2Z)²- doubling protons, perhaps for proton pairs or 

total charged nucleons—as a gravitational-weak balance condition, where weak mediation counters 

effective repulsion collectively. This aligns with 4G's nuclear binding predictions but diverges from 

Standard Model, lacking direct Z² mentions in published 4G papers. This view supports 4G's 

unification by making weak force essential for nuclear cohesion, like gravity in compact objects.  

Following the above relations, the conceptual framework identifying the transition point at Iron 

(Z=26) to Nickel (Z=28) provides a definitive physical anchor for the Heptad Shell Model. By 

grounding the mathematical shift from integer to half-integer shell indices in the peak of the binding 

energy per nucleon curve, the model transitions from a predictive scaling law to a fundamental 

structural theory. The Heptad (7-shell) Model frames the Iron Peak as a geometric transition point in 

nuclear shell structure, driven by weak interaction saturation rather than purely Coulomb effects. 

The shell index 𝑛 ≅
𝑍

√𝐴𝑠
 converges to ~3.5 at Fe/Ni, aligning with the observed binding energy 

maximum (~8.8 MeV/nucleon at 56Fe), marking a shift from integer to half-integer shells. 

Iron Peak Geometry at midway of the Heptad: For 𝑍 = 26  (𝐴𝑠 ≈ 56.3 ), 𝑛 ≈ 3.46 ; for 𝑍 =

28 (𝐴𝑠 ≈ 61.0), 𝑛 ≈ 3.58. This positions the peak at the integer-half-integer boundary (𝑛 = 3.5), where 

weak field efficiency peaks before transitioning. Thus, the Heptad (7-shell) model positions the Iron 

Peak at the 7/2 = (3.5) midpoint of a unified nuclear “compact object” structure in the 4G framework. 

Shells 1–3 represent the Integer Phase with peak weak interaction (𝐺𝑤) efficiency via the 585 GeV 

fermion scale, while shells 4–7 mark the Half-Integer Phase expansion.  
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Phase Transition Mechanics 

• Integer Phase (𝑛 ≤ 3): Symmetric 2𝑍 nucleon pairing dominates light nuclei stability, akin to 

compact object cohesion in 4G’s large gravitational constants. 

• Half-Integer Phase (𝑛 ≥ 3.5): The 0.0064𝑍2 term—a tuned weak-Coulomb hybrid from 4G 

binding formulae—induces shell expansion, mimicking field "saturation" and reducing per-nucleon 

binding for 𝐴 > 62. 

16. Strong and Electroweak Mass Formula for Nuclear Binding Energy 

With marginal error, nuclear binding energy can be understood with the following advanced 

strong and electroweak formula having 5 simple terms and one energy coefficient [56]. For Z > 1, 
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In our recent publication [56], we have a presented a common binding energy formula applicable 

for Z=2 to 140 with a ‘single set’ of energy coefficients. We consider it as the reference for the following 

Figures 2 to 9.  
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17. Conclusions 

In our generalized approach, the objective is not to reproduce tabulated covalent radii with 

minimal percentage error, but rather to establish a fundamental scaling law that connects atomic size 

directly to nuclear and electromagnetic gravitational analogues. Since bond radii are emergent 

quantities shaped by electronic configuration, shell filling, and quantum corrections, they cannot be 

treated as fixed constants across all chemical environments. Thus, percentage error comparisons, 

while useful in empirical fitting, are not strictly applicable to our framework. Instead, our model 

provides a baseline scale constant (33 pm) and a correction factor f(QC) that together capture the 

physics of bond formation. Further study of bond basics-including the role of hybridization, 

coordination, and multi-bond environments-is required to refine these estimates and align them more 

closely with experimental datasets. 

Our 4G model’s innovative use of four gravitational constants unifies nuclear and 

electromagnetic interactions into a fundamental length scale analogous to a black hole radius based 

on the unified atomic mass unit. This scale (~33 pm) emerges naturally as the cornerstone constant in 

an extended Rutherford-style cubic root mass number law for atomic radii. 

The proposed law reveals atoms as composite entities defined not solely by electromagnetic 

interactions but by the intertwined influence of strong nuclear forces, electromagnetic forces, and 

gravitational analogues. This unification ushers in a compelling paradigm for understanding matter’s 

structure and chemical bonding from first principles. 

Incorporating electronic shell filling effects corrects the quantum mechanical and chemical 

environmental factors, explaining observed periodic trends and anomalies in atomic sizes. This 

comprehensive framework effectively bridges quantum physics, nuclear structure, gravitational 

theories, and chemistry. 

The Proton Discreteness model offers a tentative unification of atomic physics, nuclear stability, 

and quantum gravity: Emergent quantum mechanics: ħ and shell structure emerge from Ge, Gn, not 

fundamental postulates. Master formula triumph: Single parameter (Z/√A)stable predicts magic 

numbers (28, 50, 82, 114), Island of Stability, atomic contraction, and visible spectrum. Nuclear-atomic 

bridge: Z²/A < 50 swampland criterion directly connects nuclear survival to atomic existence. 

String resolution: Particle-specific gravity Ge ≠ Gn becomes natural as discrete string winding 

gravitons, solving hierarchy problem without fine-tuning. Geometric destiny: Atoms manifest as 

“proton abaci”, discrete quanta counted through rigid central Coulomb channels. Within this 

framework, the periodic table can be viewed as nuclear geometry’s shadow cast upon the electron 

field, suggesting a possible geometric path toward a more unified description of interactions. 

Limitations and Outlook 

The present formulation is intentionally phenomenological and employs fitted 

interaction-dependent gravitational constants and empirical correction factors f(QC), whose full 

microscopic derivation from quantum field theory or string theory remains open. The ANQI-based 

description of magic numbers, the seven-shell template, and the suggested connections to visible 

spectrum bands and Calabi–Yau compactification should therefore be regarded as exploratory rather 

than definitive. A systematic comparison with high-precision ab-initio atomic structure calculations, 

modern nuclear shell-model results, and extended experimental datasets for radii and binding 

energies will be essential to further test and refine the proposed scaling laws. In this sense, the 4G–

based picture is best viewed as a unifying working hypothesis that aims to organize diverse 

phenomena under a common geometric and gravitational analogy, inviting both supportive and 

critical follow-up studies. 
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