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Abstract 
The unification of the four fundamental forces represents the ultimate goal 
and a major challenge in modern physics, primarily because previous attempts 
have failed to achieve precise calculations at microscopic scales. In this study, 
we have derived a universal formula capable of accurately calculating the mass 
values of particles in each quantum state, achieving unprecedented precision 
in ultra-microscopic particle computations. Our research findings indicate 
that both the strong and weak interactions are the result of the collective su-
perposition of internal charge interactions. However, the gravitational effects 
between masses remain under exploration. 
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1. Introduction 

The forces of nature are divided into four categories; however, Einstein believed 
that these four forces should all originate from the same fundamental essence. 
Thus, physicists embarked on the path toward the grand unification of the four 
forces. This endeavor has become an ultimate goal in physics, and many physicists 
have devoted themselves to this cause. Initially, Glashow and others proposed the 
electroweak unification theory to unify the weak interaction and the electromag-
netic force [1] [2]. Subsequently, through the efforts of Yukawa Hideki, Chen-
Ning Yang, and others, the research methods for the strong interaction were also 
aligned with those of the electromagnetic force. The unification of the four fun-
damental forces seemed within reach. However, how the strong interactions can 
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be unified with the electromagnetic force, as well as how gravity can be unified 
with electromagnetic interactions, remains unclear. In 1974, Samuel C.C. Ting 
and Burton Richter made the groundbreaking discovery of the J/ψ particle, which 
immediately attracted significant attention as an ideal probe for studying strong 
interactions. Shortly thereafter, numerous researchers devoted themselves to this 
pioneering work [3]-[8]. However, when using the Dirac Equation [9] to calculate 
the mass of a quarkonium, it resulted in large errors, making it impossible to un-
cover the underlying rules of the strong interaction. 

As early as 2012, Chinese scholar Liu Yun proposed that the strong interaction 
between particles is a combined relativistic effect of charge forces. However, no 
one believed this view, so Liu Yun’s paper was never approved for publication by 
any magazine. To find convincing evidence, Liu Yun began organizing our team 
for dedicated research. First, we developed a universal quantum method capable 
of accurately calculating the radius of ultra-microscopic particles and the gravita-
tional coefficients between internal particles. Second, we postulated that particles 
possess spin velocity and derived a formula for the gravitational coefficient be-
tween any particles based on special relativity. This formula depends solely on 
distance and spin rate. Finally, we compared the variation patterns of the gravita-
tional coefficient between quarks with distance and found that the formula for the 
interquark gravitational coefficient perfectly matches our derived formula. Fur-
ther research revealed that both gravitational mass and weak interactions conform 
to the gravitational coefficient formula, proving that all forces can be unified as 
the electromagnetic force. Our approach maintains rigorous mathematical deri-
vation while achieving full consistency with experimental data, thereby establish-
ing a new paradigm for studying ultra-microscopic phenomena. 

2. Materials and Methods 
2.1. How to Calculate the Radius of a Two-Body Particle 

Here, we take the hydrogen atom as an example to derive the particle radius. In 
quantum mechanics, approximation methods are frequently employed to solve 
problems. Based on the degenerate mass of particles, we construct the following 
approximate equation: 

 ( )
2

2 2 2
1 , , , 1 , 1

1 1
e e

e
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Derive the expression for the orbital velocity of the electron from Equation (1): 

 
2

21 1 ,a Lv L n
L n

 
 ≈ ± − ≈
 
 

 (2) 

This corresponds to the velocities at the two extremal points of an elliptical or-
bit. Assuming the closest point is point-A, and the farthest point is point-B. There-
fore, the average radius of the orbit should be: 
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Here, rA is the distance from point A to the focus, and rB is the distance from 
point B to the focus. However, since we need to generalize the equation to two-
body particle systems while maintaining applicability to high-speed spinning par-
ticles, we have made the following modifications: 
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Here, m10 is the rest mass of a particle 1, and m1 is the relativistic mass of the 
lighter particle, a is the coefficient of attraction between two particles, and r1 is the 
orbital radius of particle 1. On the other hand, according to quantum mechanics, 
the following averaging equation is introduced: 
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Here, the symbol <1/r2> represents the average value of 1/r2. Generally, when 
we refer to the spin radius and spin rate of a particle system, we are discussing the 
average orbital radius and orbital velocity of the lighter particle. Therefore, m1 
represents the mass of the lighter particle, while m2 denotes the mass of the heavier 
particle. The mass ratio b cannot exceed 1. In conclusion, our improvement mainly 
lies in adding the relativistic factor to the Equation, which can explain why the 
radius of electrons is so small. 

2.2. The Gravitational Coefficient between Hydrogen and Electrons 

According to Figure 1, the interaction force between moving charges at low ve-
locities is given by: 
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At high velocities, due to the periodic positional alternation of two charges in 
circular motion—where additive and subtractive superposition occur once per 
revolution—the expression for the average magnetic force between them is: 
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Figure 1. The essence of magnetic fields is a relativistic effect. Relative motion causes the 
electric field of a moving charge to strengthen in the perpendicular direction while weak-
ening in the longitudinal direction. The accelerated motion of charge 1 distorts its electric 
field equipotential lines (L), making them non-parallel to its direction of motion, thereby 
inducing an electric force (F) on charge 2. This is precisely why accelerated charges gener-
ate induced electromotive force. 

 
We often encounter situations where particles have different radii, such as pro-

tons and electrons forming hydrogen atoms. If the electron’s radius is very small, 
its spin rate will be very high. First, assuming the electron and proton spin anti-
parallel (with S = 0). Since the electron’s spin period is much shorter than the 
proton’s, when the proton’s valence charge is closest to the electron, the electron’s 
valence charge is also precisely closest to the proton, as shown in Figure 2(A). 
Meanwhile, the situation in Figure 2(B) may also occur. When the configuration 
is as shown in Figure 2(A), we first neglect the influence of other charges and only 
consider the magnitude of electrostatic attraction between the two closest charges, 
giving the following formula: 
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 (8) 

When considering only magnetic forces (excluding electrostatic forces), the re-
sultant magnetic force exerted by charge 3 on charges 4, 5 and 6 is given by (see 
Figure 2(A)): 
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Here, positive charges denoted by “+”, negative charges by “−”; and “+” in results 
indicates repulsion, “−” indicates attraction. Due to the differing spin periods of 
protons and electrons, Charge 3 in Figure 2(A) may exhibit either subtractive su-
perposition (50% probability) or additive superposition (50% probability) with 
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Charge 6. 
 

 
Figure 2. Possible charge distribution patterns during proton-electron coupling at S = 0. 

 
When distance effects are neglected, the average magnetic interaction force be-

tween Charge 3 and Charge 6 is given by: 
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Thus, at long distances (when proton radius effects are negligible), the total 
combined interaction force between protons and electrons is given by: 
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Equation (11) shows that when particles are far apart, their magnetic interac-
tion approaches zero. This explains why electrons exhibit purely charge-based 
forces at long distances, while allowing for annihilation effects at close range. 

As analyzed in Figure 2, particles with negligible radii exhibit near-complete 
cancellation of gravitational influence regardless of spin orientation variations. 
The dominant contribution to gravitational modulation stems exclusively from 
unpaired charges—termed valence charges of protons or electrons. From relativ-
istic principles, we derive the following governing rule: 

 
( ) ( )

( )

1 , 2 ,

1
2 ,

1

e p e p e p e p e p e p e p

e p
e p e p e p e p e p

e p

v v v v

v v
v v

β β β β β β β

β β β β β β

± + −

+ − − +

= ± − =

−
+ = =

+

 (12) 

When evaluating exclusively the valence-originating magnetogravitic coupling 
through ensemble averaging over Figure 2 (Only calculate F3*6). Figure 2(A)-
(H)’s topological configurations, the S = 0 proton-electron system exhibits a mean 
magnetic attraction of: 
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In the formula, FB3*(4+5) represents the resultant magnetic force between charge 
3 and charges (4,5). Since gravitational and repulsive forces nearly cancel out, the 
magnitude F0B is significantly smaller than the valence charge magnetic force and 
can generally be neglected in strong interaction calculations. 

Applying the same computational method, the average magnetic attraction be-
tween protons and electrons at S = 1 is given by: 
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The hyperfine splitting energy (ΔE = 5.87 μeV) between the ground-state hy-
drogen’s singlet (S = 0) and triplet (S = 1) configurations—arising from electron-
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proton spin-spin magnetic coupling—manifests observationally as the 1420.4 
MHz (21 cm) spectral line: 

 ( ) 20 1

4 e p e p e pe
B BS S

r r v va
V d F F

d d
β β

= =
∆ = − ≈   (15) 

Evidently, this energy difference is proportional to the product of the electron 
and proton spin magnetic moments. A more precise calculation requires quantum 
mechanical (see Section 2.5). Here, we only estimate the order of magnitude. In 
the equation, d = a0 ≈ 0.53 × 10−11 m (Bohr radius), ae/d = 27.2 eV, ve ≈ 1. The 
magnetic potential energy difference ΔV ≈ 5.87 × 10−6 eV. Proton radius: 0.83 fm; 
Proton spin rate: 0.93c (see Section 2.9). Thus: 
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The above calculations indicate that the radius of an electron is very small and 
its spin rate is very high. In Section 2.7, we will present an alternative method for 
calculating the electron’s radius and magnetic moment. Finally, we give that the 
gravitational coupling coefficient between particles of opposite charge is ex-
pressed as: 
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When two particles possess identical spin radii and rotation rates while carrying 
opposite charges, they form mutually reciprocal particles. Examples include pos-
itronium, protonium, or quarkonium systems. The gravitational coupling coeffi-
cient between their constituent particles is given by: 
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This explains why the energy state is always lower when positive and negative 
magnetic moments have parallel spins (this is also known as pairing energy). 

2.3. How to Accurately Calculate the Mass of Each Quantum State 
of a Particle 

Previously, we did not understand which factors were related to particle mass, 
leading to a series of difficulties. In 2015, our team revisited the statistical laws 
governing particle mass and discovered that the mass of a particle is strictly equal 
to the sum of the total energy and total potential energy of its internal orbiting 
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particles. Based on this discovery, we derived the relativistic form of the Hamilto-
nian and expressed the eigenvalue equation of the particle as [10]: 
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Here, M represents the rest mass of the particle system, H stands for Hamilto-
nian, m is the sum of the energies of all orbital particles within the particle, this 
refers to the relativistic mass. V is the sum of the potential energies between all 
orbital particles, with attractive potential energies counted as negative values and 
repulsive potential energies counted as positive values. When the spin rate of a 
particle is very low, Eq. 19 becomes the Schrodinger equation: 
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Referring to the work achievements of Sommerfield and Dirac, we present the 
following equation [11]. 
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Here, n is the principal quantum number, l is the orbital angular momentum 
quantum number, M is the rest mass of the quark particle, and a is the gravita-
tional coefficient of the n-th principal shell, b = m1/m2 is the dynamic mass ratio 
of the orbital particles. Regardless of the nature of the gravitational force that 
forms bound-state particles, the quantum rules they follow are consistent. There-
fore, this equation is applicable to all two-body particles, including binary star 
systems. Essentially, each particle behaves as a microscopic magnet. The distinct 
coupling configurations and resultant spin combinations manifest as orientation 
variations between these magnetic dipoles, reflecting differential charge motion 
trajectories. According to relativistic principles, such variations induce modifica-
tions in the gravitational coupling coefficients. While the equation form remains 
invariant, the coefficients exhibit subtle quantum-state-dependent variations—
this fundamentally accounts for hydrogen’s hyperfine structure. Crucially, incor-
porating this conceptual advancement into Equation (21) renders them univer-
sally applicable across all quantum states of all particles. 
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In 2023, Liu Zhe proposed an energy splitting equation for quarkonium triplet 
states to enable precise calculation of the mass of each quantum state in quarko-
nium systems: 
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Here σ is the error coefficient, μ1 is the spin magnetic moment of particle 1; μ2 
is the spin magnetic moment of particle 2. Theoretically, the error coefficient is 
related to the coupling method of the particle’s spin magnetic moment. When 
calculating the interaction coefficient, we have already taken the spin coupling 
method into account. Even if there are errors, they can be adjusted by selecting 
different gravitational coefficients. Therefore, we let σμ1μ2 = 1. The computational 
results of this equation demonstrate remarkable accuracy, substantially exceeding 
our previous studies, though minor discrepancies persist for low-n states. A year 
later, Liu Ziyi proposed a groundbreaking insight: the results computed from 
Equation (22) only modified the potential energy, which is not entirely equivalent 
to mass. This was a remarkably bold proposition—though it contradicted estab-
lished textbook theories, the calculated results showed excellent agreement with 
experimental data, especially with improved accuracy for low-n states. According 
to Liu Ziyi’s method, the gravitational coefficient for each quantum state should 
be calculated using the following equation: 
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In the equation anlf represents the gravitational coefficient for the n-th principal 
layer, the l-th sub-layer, and the total spin f. By solving Equation (23), we obtain 
the analytical expression for the square of anlf: 
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 (24) 

To obtain the mass in the f-state, the gravitational coefficient derived from the 
above equation must be substituted into Equation (21). For quarkonium states, 
when b = 1, the following relation holds: 
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 (25) 

According to Equation (25), we can calculate the mass of each quantum state 
in quarkonium systems. For example, substituting a = 7.31, n = 5, and l = 4 into 
Equation (25), we immediately obtain three distinct gravitational coefficients. 
These are then substituted and m10 = 2282 into Equation (25) to derive the triplet 
mass of the quantum state with n = 5 and l = 4: 

545 5452 4

544 5442 2

543 543

7.215874, 3159.72,  5
641 1 7.344173, 3097.58, 0 4

8
7.577588, 2978.17, - 3

nlf

a M f l S
K na a M f l
n K

a M f l S

≈ ≈ = + =   = + − → ≈ ≈ = + =    ≈ ≈ = =

 (26) 

The calculation results show that the mass states 3097 and 2980 surprisingly 
belong to the same triplet group. Before this, there was significant controversy 
regarding the classification hierarchy of the 2980 quantum states. Our calculations 
reveal that accompanying the 3097 state is a 3160 mass datum—representing a 
previously undiscovered quantum state. We maintain that this provides an ideal 
opportunity for experimental verification of our theoretical computations’ accu-
racy. Using the same method, substitute a = 7.291, n = 6, l = 4 and m10 = 2282 into 
Equation (25): 

645 6452 4

644 6442 2

643 643

7.196991, ,  5
641 1 7.325426, , 0 4

8
7.567511, ,

3555.6
3508.9
3415.3 3

nlf

a M f l S
K na a M f l
n K

a M f l S

≈ ≈ = + =   = + − → ≈ ≈ = + =    ≈ ≈ = − =

 (27) 

To ascertain the precise mass of the quark c, we conducted extensive calcula-
tions and comparisons. This comparative verification work, spanning over a dec-
ade, involved extensive computational efforts. Table 1 below presents one repre-
sentative example from our numerous comparative studies [11]. 

 
Table 1. Comparison of simulation results for quarks with different masses. 

 m0 = 2270 m0 = 2282 Experimental data 

a5,4 a5,4 = 7.222 a5,4 = 7.31 - 

3M5,4 2981.6-3097.1-3158.3 2978.2-3097.6-3159.7 2979.7-3096.9-no 

a6,4 a64 = 7.147 a64 = 7.291 - 

3M6,4 3420.6-3511.7-3554.7 3415.3-3508.8-3555.6 3415.1-3510.5-3556.2 

a7,6 a76 = 6.276 a76 = 6.611 - 

3M7,6 4010.2-4023.6-4028.7 4009.0-4021.6-4029.6 4009-4021.5-4030 
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The calculations indicate that only when the mass of the quark c is 2282 can it 
align with the experimental values. Consequently, the mass number, spin number, 
and charge number of the quark c are identical to those of the ordinary Λc particle. 
This discovery reveals that certain high-spin particles exhibit strong interactions 
at close range while behaving like ordinary particles at larger distances. Precisely 
because these ordinary particles carry a unit charge (q = 1), and our equations are 
calculated based on this unit charge, the results achieve unprecedented agreement 
with experimental data. We therefore conclude that quarks are such ordinary par-
ticles whose charges must be integer-valued rather than fractional. Research on 
other quarkonium states corroborates this finding, for instance, studies on the Υ 
particle suggest that the mass of the bottom quark is 5580, with spin and mass 
numbers very close to those of the ordinary Λb particle. Therefore, when Λb trans-
forms into the bottom quark, its mass changes from 5500 to 5580, and its charge 
number increases by 1, analogous to the change in mass when a neutron trans-
forms into a proton. 

According to Equation (25), we get the following Table 2 [11]. 

 
Table 2. The calculated masses of the J/ψ particle triplet states. 

 n = 5 n = 6 n = 7 n = 8 

l = n − 1 
a ≈ 7.31 

2978-3097-3160 
a ≈ 6.749 

3737-3769-3794 
a ≈ 6.611; 

4009-4022-4030 
a ≈ 6.572; 

4153-4160-4162 

l = n − 2 0 
a ≈ 7.291; 

3415-3509-3556 
a ≈ 7.288; 

3823-3854-3872 
a ≈ 7.312 

4025-4040-4049 

l = n − 3 0 0 
a ≈ 7.621 

3594-3679-3723 
a ≈ 7.747 

3900-3930-3946 

l = n − 4 0 0 0 
a ≈ 8.057 

3686-3770-3811 

The number 0 in the table indicates that this quantum state does not exist.  

 
In Table 2, a is the corresponding gravitational coefficient. The underlined data 

in the table represent the mass numbers that have been experimentally discovered. 
According to the calculations, the experimental value 3885 corresponds to the tri-
plet state with n = 9 and l = 4, therefore, it is not listed in Table 2. 

In previous studies of the J/ψ particle, we always considered the ground state to 
be n = 1, not only were the margins of error considerable, but there was also a 
plethora of experimental data that defied explanation, which the physics commu-
nity termed as exotic energy levels [12] [13]. The research outcomes of our team 
have adeptly resolved these conundrums, with all experimental data aligning im-
peccably with the calculated values. It is evident that the so-called anomalous en-
ergy levels previously discussed in the physics community were merely a result of 
the lack of correct computational methods. 
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2.4. How to Determine Suspended State Particles 

In our calculations, we discovered that some particles lack the n = 1 quantum 
state. Such particle systems have been named “Suspended State Particles” by Liu 
Yun. This is a significant discovery as it provides an explanation for why many 
particles (such as the electron) exhibit only a single quantum state. How do we 
determine whether a quantum state exists for a particle? First, we assume the spin 
rate and radius of the quark and aim to obtain data consistent with experimental 
values. The calculations indicate that the spin rate of quark c is about 0.999436c 
and a spin radius of 3.66 × 10−17 m = 0.0366 fm. Under these conditions, according 
to Equation (18), we omit the less significant terms in the formula and obtain the 
equation for the gravitational coefficient between quark c and anti-quark c (with 
S = 1): 
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 (28) 

Using the same computational method, we determine that the radius of the bot-
tom quark (quark b) is approximately 4.1 × 10−17 m (0.041 fm), with a spin rate of 
about 0.999437c. Only these precise values yield results consistent with experi-
mental data. Consequently, based on Equation (18), the gravitational coefficient 
equation between a quark b and its antiparticle (anti-quark b) is: 

 
( ) ( )

( )
2 2 2 2

12 21 2 2 2 2

1 4 1 46.4815 , 1
2 1 4 1 4
e

b bbb S

a r d r da d b r
r d r d

β +=

+ +
≈ ≈ = +

− −
 (29) 

Table 3 is the result of our calculation of the gravitational coefficient between 
quarks using the above Equation (25) and Equation (29) [11]. 

 
Table 3. The calculated masses of the Υ particle triplet states. 

 n = 6 n = 7 n = 8 n = 9 n = 10 

l = n − 1 0 
a ≈ 7.478 

9379-9429-9460 
a ≈ 6.975 

10023-10042-10054 
a ≈ 6.71; 

10347-10355-10361 
a ≈ 6.42; 

10566-10570-10573 

l = n − 2 0 0 
a ≈ 7.278; 

9860-9892-9913 
a ≈ 7.055; 

10232-10246-10256 
a ≈ 6.95 

10446-10453-10458 

l = n − 3 0 0 0 
a ≈ 7.481 

10060-1087-11103 
a ≈ 7.35 

10335-10348-10356 

l = n − 4 0 0 0 0 
a ≈ 7.608 

10233-10255-10269 

The underlined numbers are the mass states that have been discovered. 
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With the gravitational coefficient Equation (29), we can determine which en-
ergy levels of the Υ particle can exist stably. This method is called the Approxi-
mation Correction Method, which we developed from the work of the Ameri-
can physicist Feynman. This rule applies to all particles, including hydrogen 
atoms. 

First, having confirmed the genuine existence of the n = 7 quantum state, we 
substitute m₀ = 5580 and a = 7.478 into Equation (5), calculating the radius of the 
Υ-particle at principal quantum number n = 7 to be approximately 0.188 fm. Us-
ing Equation (21), we determine the mass of this state to be about 9460. 

Second, we estimate the radius for the n = 6 principal quantum level based on 
quantum mechanical principles. The radius r₆ of the n = 6 level is extrapolated 
from the n = 7 radius r₇ through the relation: r₆ = (36/49)r₇ ≈ 0.145 fm. 

Third, we perform radius correction for the n = 6 state: Input the estimated 
radius into Equation (29) to obtain the strong interaction coefficient a = 8 for the 
n = 6 quantum state. Substitute a = 8 back into Equation (5) to derive a corrected 
radius value. 

Fourth, we adjust the gravitational coefficient for the n = 6 quantum state by: 
Inserting the revised radius into Equation (29). Computing an updated gravita-
tional coefficient. 

Fifth, we implement an iterative correction procedure. Through multiple cycles 
of mutual refinement: If errors progressively amplify → This indicates the Υ-par-
ticle cannot maintain stable configuration at n = 6 level, confirming its non-exist-
ence. If errors consistently diminish and converge to zero → This verifies a stable, 
physically realizable quantum state. 

Our computational results demonstrate that the Υ-particle cannot stably exist 
in the n = 6 quantum state, confirming the non-existence of this state. 

2.5. How to Calculate the Hyperfine Energy Levels of Hydrogen  
Atoms 

For decades, extraordinarily precise measurements of cosmic 21 cm hydrogen 
line frequencies have been achieved, reaching remarkable levels of accuracy. 
However, despite exhaustive computational efforts through various methodol-
ogies, persistent minor discrepancies between theoretical predictions and ex-
perimental values have remained unexplained. In different particle systems, the 
form of spin coupling varies due to differences in particles’ spin magnetic mo-
ments and masses. However, spin does not alter the fundamental quantum 
rules—it only modifies the magnitude of interaction coefficients. Based on this 
theory, we incorporate all particle systems into the quantum mechanical frame-
work governed by Equation (21), including the hyperfine structure splitting 
rules of hydrogen atoms. 

When n = 1, l = 0, j = 1/2, s2 = 1/2, it corresponds to the ground state of the 
hydrogen atom. Proton-electron spin coupling—with quantum mechanics pre-
scribing the resultant hyperfine splitting as: 
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To minimize computational errors and achieve higher precision, it becomes 
necessary to account for variations in the gravitational coupling coefficient a, thus 
requiring the reformulation of Equation (30) as follows: 
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The following parameters were adopted for calculations: 
Electron g-factor: ge = 2 × 1.00115965218076; 
Proton g-factor: gp = 5.58569469/1836.15266 ≈ 1/328.7241358335; 
Electron rest mass: me = 510,998.928 eV; 
Proton-to-electron rest mass ratio: b0 ≈1/1836.152669971942; 
Dynamic mass ratio (n = 1): b ≈ 1/1836.1038351084 = 0.0005446315077; 
Gravitational coupling coefficient (Lamb shift corrected): a ≈ 1/137.0379202; 
Relativistic correction factor (n = 1, l = 0): β10 = 1.000026597013; 
Using the Planck constant h = 6.62606957(11) × 103 J·s and the elementary 

charge e = 1.602176565 (35) × 10−19 C, we derive the following conversion rela-
tionship: 

 1 eV = (e/h) Hz ≈ 241,798.9349604731 GHz; 

Substituting these parameters into Equation (31), the calculated gravitational 
coupling coefficients a for respective quantum states are as follows:  

 101

100

137.0379275999540252061231, 0, 1, 1
 

1, 137.037898000399784880, 0 1 04, 16nlf

n l f a
a

n l f a
= = = =

=  = = = =
 (32) 

These represent the gravitational coupling coefficients anlf between protons and 
electrons for the two spin configurations. While the difference is minute, it fun-
damentally revises our previous assumption that the coupling coefficients were 
identical across quantum states. Substituting these two calculated a-values into 
Equation (21), we obtain the mass difference for different f-state hydrogen atoms 
at the n = 1 principal quantum level: 

 6101

100

13.5980845804222370525
5.874325920922 10 eV

13.59809045474
eV
e81579742 V

E
E

E
−≈ − 

∆ ≈≈ 
×

−
 (33) 

Since 1 eV≈ 241,798.934 960 473 1 GHz, the conversion result is: ΔE ≈ 
1.420405751289589716 GHz. 
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The experimentally measured value is 1.4204057517667(10) GHz. This is the 
famous 21-centimeter hydrogen line in cosmic radiation. This study employs Liu 
Ziyi’s method to calculate the 21 cm hydrogen spectral line frequency, yet obtains 
results that show remarkable agreement with experimental values. The previous 
theoretical calculation yielded a precise value of 1.4204034(13) GHz (refer: V.W. 
Hughes. In ATOMIC PHYSICS 10, edi. by H. Narumi and I. Shimamura. Elsevier 
Sci. Pub. 1987). The latest CODATA 2023 revision has once again updated the 
electron-to-proton mass ratio, indicating that our calculations are still not entirely 
precise. Indeed, achieving such precise theoretical calculations necessarily de-
pends on the accuracy of the Lamb shift measurement. Therefore, these calcula-
tions also serve as a means to verify the Lamb shift, while further research on the 
Lamb shift proves highly beneficial and stimulating. 

2.6. How to Incorporate Astrophysics into Quantum Mechanics 

According to the period equation for elliptical orbits: 
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Here, m1 is the mass of the Earth and m2 is the mass of the Sun. The mass of the 
Earth is about 6 × 1024 kg, and the mass of the Sun is about 2 × 1030 kg. The force 
coefficient a between Earth and the Sun is derived from the law of universal grav-
itation, expressed as: 
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 (35) 

The “SI” in the equation indicates that all units are in the International System 
of Units. According to human measurements and estimates, the average speed of 
the Earth’s orbit around the Sun is 29.8 km/s ≈ 10−4c. This value can also be used 
to calculate the gravitational parameter of the Earth-Sun system. Be careful to 
convert to natural units, v1 = 2.98 × 104 m/s ≈ 10−4, c = 1. This is consistent with 
the results calculated using quantum mechanical formulas. 
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 (36) 

Quantization phenomena are the statistical outcomes of a large number of par-
ticles (See Figure 3). 

The smaller the perihelion of an elliptical orbit radius, the larger its aphelion 
becomes, consequently increasing orbital uncertainty. This demonstrates that the 
radius of microscopic particles coincides with planetary radii, strictly obeying 
point-mass mechanics while simultaneously complying with both quantum me-
chanical and relativistic principles. The perfect unification of relativity and quan-
tum theory represents the correct path forward for the next stage of physics de-
velopment. According to Equation (36), the principal quantum levels of the nine 
planets of the Solar System are calculated (see Table 4). 
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Figure 3. An electron rotates around a proton at a frequency of 6.6 × 1015 cycles per second. The figure depicts only 
10 cycles of its trajectory. A. If unaffected by any external influences, an electron captured by a proton would con-
tinue orbiting indefinitely along an elliptical trajectory, analogous to a comet’s path; B. At the orbit’s apogee (farthest 
point), even a slight momentum perturbation could cause the particle to escape, subsequently being captured by 
other particles. The proton then recaptures another electron, ultimately retaining only particles conforming to quan-
tized orbits. This selection process typically completes within 10−9 seconds; C. The remaining electrons move along 
quantized orbits, with permitted particle kinetic energy fluctuating within a certain range, conforming to the uncer-
tainty principle. Consequently, energy levels manifest as bands rather than discrete lines. This also explains why 
comets in the solar system are more prone to disintegration. 

 
Table 4. Principal quantum series n values for the nine planets of the solar system. 

Planet Radius (AU) Planetary mass (kg) Quantum number The n of electron 

Mercury 0.39 3.3 × 1023 n = 8.9 × 1072 n = 2.43 × 1019 

Venus 0.72 4.87 × 1024 n = 1.75 × 1074 n = 3.24 × 1019 

Earth 1 5.97 × 1024 n = 2.52 × 1074 n = 3.84 × 1019 

Mars 1.52 6.42 × 1023 n = 3.6 × 1072 n = 5.07 × 1019 

Star cluster - - - n = 6.68 × 1019 

Jupiter 5.2 1.9 × 1027 n = 1.84 × 1077 n = 8.71 × 1019 

Saturn 9.59 5.68 × 1026 n = 7.44 × 1076 n = 11.8 × 1019 

Uranus 19.22 8.68 × 1025 n = 1.63 × 1076 n = 16.9 × 1019 

Neptune 49.2 1.025 × 1026 n = 2.18 × 1077 n = 21.2 × 1019 

Pluto 30.07 1.27 × 1022 n = 4.1 × 1072 n = 29.1 × 1019 

 
The star cluster mentioned in the table refers to a scattered planetary belt com-

posed of numerous small celestial bodies. From Table 4, the principal quantum 
number n does not follow an obvious pattern. However, if planetary masses are 
hypothetically replaced with identical masses, e.g., imagining free electrons occu-
pying the same orbits as planets, the motion of electrons orbiting the Sun would 
also exhibit quantized orbits. In this scenario, the calculated n-values show a 
nearly geometric progression pattern. This regularity arises because the quantum 
number n is extremely large. This observation suggests that during the early for-
mation of the solar system, an explosive event likely generated numerous dust 

https://doi.org/10.4236/jhepgc.2025.114088


Y. Liu et al. 
 

 

DOI: 10.4236/jhepgc.2025.114088 1444 Journal of High Energy Physics, Gravitation and Cosmology 
 

particles or micro-particles with similar masses. These particles gradually coa-
lesced into planets through quantized orbital aggregation. Calculations indicate 
that most celestial bodies do not possess quantized orbits with n = 1. This is also 
a consequence of particles aggregating to form larger objects. The Earth’s aphelion 
distance is 1.52 × 1011 m, perihelion distance is 1.471 × 1011 m, with an average 
orbital speed of 2.98 × 104 m/s ≈ 10−4c. Calculate the value of the orbital angular 
quantum number l for Earth’s orbit using the equation: 
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We use the Bohr radius substitution method to calculate the results as follows: 
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Here, a₀ is the Bohr radius. The calculations reveal that the values of L and n 
are nearly identical: 

 
2 2 145

148 145 74
74

2.04 10
6.35 10 2.04 10 2.5195 10

2.52 10
n L

L
n

− = ×  ≈ × − × ≈ ×
= × 

 (39) 

Then, a = 2.5 × 1070, v = a/n = 10−4, n ≈ l ≈ 2.52 × 1074, b ≈ 0, substituted into 
Equation (21) to calculate the total rest mass of the Earth and the Sun combined 
into a two-body particle: 
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Here, m10 is the rest mass of the Earth, and m20 denotes the rest mass of the Sun. 
This indicates that after Earth was gravitationally captured by the Sun, it would 
need to release energy equivalent to its own kinetic energy. This rule is identical 
to the principle of energy release when an electron is captured by a proton in a 
hydrogen atom. 

2.7. The Magnetic Moment and Radius of an Electron 

We have long been perplexed by the formation mechanism of electron magnetic 
moment. For a moving charge observed perpendicular to its direction of motion, 
applying the relativistic factor to the electric field and current is equivalent to ap-
plying the relativistic factor directly to the charge itself. In multi-charge systems, all 
orbital charges generate magnetic moments, and the total orbital magnetic moment 
is the superposition of these individual orbital magnetic moments. Therefore, when 
observed from the particle’s center-of-mass reference frame, the total orbital mag-
netic moment for a rotating two-body particle system can be expressed as: 
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When two magnetic moments approach each other, mutual interference oc-
curs, causing both the particle radii and their magnetic moments to increase, 
though with differing magnitudes. Precise calculation of these variations remains 
challenging due to dependencies on multiple factors, including the velocity and 
directional dynamics of internal charges. Here, we present an approximate com-
putational framework to address this phenomenon. In the magnetic field formed 
by protons, the radius of the circular motion of each positive charge of neutrons 
will decrease, while that of each negative charge will increase. Other than that, the 
speed of the charge’s movement will not change. This leads to an increase in the 
magnetic moment value formed by each negative charge and a decrease in the 
magnetic moment value formed by each positive charge (see Figure 4). 

 

 
Figure 4. The charge distribution when protons and neutrons combine to form composite particles. The structural derivation of the 
proton in the figure is detailed in Subsection 2.9. A. The charge distribution inside the deuterium nucleus. B. The possible charge 
distribution after a certain period of time. 
 

In a deuterium nucleus, the magnetic moment of the proton exerts an electro-
magnetic force on the π meson within the neutron, causing it to move away from 
the neutron. This is equivalent to the π meson experiencing a reduced central 
gravitational force. Considering the relativistic effect, as shown in Figure 4(A), 
the average force on the valence charge within the neutron is expressed as: 
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 (42) 

We provide an estimation method here. According to Equation (14), we esti-
mated the result as: 
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 (43) 
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Here, r' is the changed neutron radius, dn = 1.2fm is the neutron diameter, as 
shown in Figure 4(A). The increase in the neutron radius results in a change in 
the neutron magnetic moment of approximately: 

 ( ) 1 0 2
2

0.0087 1.913 0.0166
2 1

n n n n N N

n

e b be
v r r

v
µ µ µ

+′∆ = − ≈ × ≈ −
−

 (44) 

In Equation (44), we only considered the change of the magnetic moment of 
motion of the charge 4 within the neutron. When considering the cumulative var-
iations from all internal charged constituents, the net predicted variation in the 
neutron’s magnetic moment amounts to approximately −0.035μN. Similarly, within 
the neutron’s magnetic field, the proton’s magnetic moment also undergoes mod-
ification. While current theoretical frameworks cannot precisely calculate this per-
turbation, empirical estimates suggest a shift of about +0.012μₙ. The total mag-
netic moment of the deuteron spin is: 

 
( )

( )
1 0 2

1 2

0.035 0.012
0.857

1, 0, 1, 0, 2.7928 , 1.91

2

3

1D p n N N
D N

p N n N

s

p

s

b m

n m e e

e be
b m

µ µ µ µ µ
µ µ

µ µ µ µ


≈ + − − + 

≈
= = = = ≈

+

≈ 

+



 (45) 

The orbital magnetic moment projection along the spin axis is quantized as ms. 
Some scholars believe that the anomalous magnetic moment of the deuteron is 
due to part of the deuteron being in the 3D state [14] [15]. However, our explana-
tion is more credible because the same method can account for the other particles 
magnetic moment. Moreover, all composite particles exhibit a universal magnetic 
moment behavior: the net magnetic moment never exactly equals the strict vector 
sum of constituent particles’ intrinsic moments, but rather demonstrates subtle 
deviations. For instance, in the npn particle system (tritium nucleus, 3H), the ob-
served variation measures approximately +0.18616 μN. 
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  (46) 

For the pnp particle system (3He nucleus), the magnetic moment variation 
measures approximately −0.21575 nuclear magnetons (μₙ). The magnetic mo-
ment of the helium-3 nucleus is given by: 

 
( )

( )
1 0 2

2.12775
1, 0, 1.913 , 0.21475

2 1pnp n p p n
pnp N

n n

s

s N N

p

b m

n

e

m

be
b m

µ µ µ µ µ
µ µ

µ µ µ µ


≈ + + − + ∆ 

≈ −
= = ≈ − ∆ 

+

+

≈ −



  (47) 

Professor Samuel C.C. Ting conducted experiments exploring the electron’s 
structure, revealing no structural features at 10−18 m. In 1987, Hans Georg Dehmelt 
and colleagues used electromagnetic trapping experiments to determine that the 
electron’s radius is less than 10−22 m (Refer to Dehmelt’s 1989 Nobel Prize lecture). 
For decades, people could not understand why the electron’s radius was so small, 
and many assumed that it was a point particle, which led to an inability to explain 
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how the electron’s spin and magnetic moment were produced. 
Based on our derived radius and magnetic moment formulas, the internal 

charged constituents of an electron can only be very light charged particles, with 
muons (μ) being the sole candidates satisfying these constraints. Further theoret-
ical investigation reveals that when a muon (mass ≈ 106 MeV) combines with a Z 
boson (mass ≈ 91 GeV) under radius collapse to 2.53 × 10−21 m in the n = 413 
excited state, the resulting composite system precisely reproduces the electron’s 
measured mass and magnetic moment. To identify which particles, when com-
bined with the Z boson, yield a radius and magnetic moment consistent with ex-
perimental values, we present the calculated results for various candidate particles 
in Table 5. 

 
Table 5. Possible radius values when particles of different masses are coupled with the Z0 boson to produce electrons. 

Original mass(eV) Orbital speed(c) 
Theoretical 
radius(m) 

Possible 
hierarchy 

Resultant 
mass(eV) 

Magnetic 
moment(μB) 

Relativistic gain 
rate 

3.6M + 91G 0.(19N)75 8.56 × 10−23 n = 14 0.511M 1.00116 4.47 × 109 

68.5M + 91G 0.(17N)096 8.2 × 10−22 n = 134 0.511M 1.00116 2.35 × 108 

96M + 91G 0.16N822 2.3 × 10−21 n = 375 0.511M 1.00116 1.68 × 108 

106M + 91G 0.(16N)785 2.53 × 10−21 n = 413 0.511M 1.00116 1.52 × 108 

139M + 91G 0.(16N)628 3.3 × 10−21 n = 544 0.511M 1.00116 1.16 × 108 

494M + 91G 0.(15N)53 1.1 × 10−20 n = 1,933 0.511M 1.00116 3.26 × 107 

1,320M + 91G 0.(14N)664 3.1 × 10−20 n = 5,166 0.511M 1.00116 1.22 × 107 

 
The underlined words are basically consistent with the experiment. 1G = 1000 

M. 
Assuming the electron is synthesized from μ- and the Z0 boson, the electron 

radius is: 
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  (48) 

The magnetic moment of the electron is: 
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  (49) 

The quantum mechanical representation formula of the electronic magnetic 
moment is: 

 1 , 2 1.00115962 1.00115962
2 s e s B Bs g sgµ µ µ= = × → = − ≈ −   (50) 

The 2010 Committee on Data for Science and Technology (CDST) provided 
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that: 
The average mass of the muon as 105.6583715(35); The magnetic moment of 

the muon as μμ = 8.89059697(22)μN ≈ 0.004842371μB; The magnetic moment of 
the electron as μe = 1.00115965218618076(27)μB. 

We propose that while a free electron exhibits a characteristic radius of 10−21 m, 
its spatial extension undergoes significant contraction when subjected to strong 
negative magnetic confinement. This phenomenon arises from the circular motion 
of the electron’s negative charge within the opposing magnetic field, resulting in 
measurable radius reduction—consistent with Dehmelt’s experimental observa-
tions where confined electrons demonstrated radii below 10−22 m [16] [17]. 

2.8. The Strong Interaction between a Proton and a Neutron 

Because such reactions have been observed experimentally [18]: 

 
0:

:
A p n p
B p n

γ π π

π π π

+ + +

+ + + +

+ → + → +

+ → + +
  (51) 

The reaction process described by Equation (51A) is as follows: When a photon 
collides with a proton, π and π particles are produced. Subsequently, the π particle 
combines with the proton to form a neutron. Next, the positively charged π strips 
the negatively charged π from the neutron, synthesizing a neutral π particle. The 
neutron, now stripped of mesons, reverts to a proton. Similarly, Equation (51B) 
illustrates that when a π collides with a proton, it generates π and π particles. The 
π particle then combines with the proton to form a neutron. Our research has 
demonstrated that as a particle’s quantum state approaches annihilation, only a 
single state exists at the sublevel where l = n − 1, then, Equation (21) simplifies to: 
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b m m
M v b B

b b mB v Bv
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  (52) 

The following table shows the quantum parameters for the formation of neu-
trons by various mesons and protons to compare which scenario is most likely. 
Table 6 shows the results calculated using Equation (52). 

 
Table 6. Compare the possible structures of neutrons. 

particle mass (MeV) Mass ratio 
Orbital speed 

(c) 
Ground state 
radius (fm) 

Radius 
(fm) 

Resultant 
mass (MeV) 

Magnetic 
moment (μN) 

Quantum 
level 

π139.6 + p938.3 0.3603 0.921 0.442 0.884 939.57 −1.913 n = 2 

K493.7 + p938.3 0.778 0.866 0.131 0.912 939.57 −1.061 n = 7 

ρ775 + p938.3 0.945 0.862 0.077 0.848 939.68 +1.661 n = 11 

 
Table 6 presents the resulting radii and orbital velocities when composite par-

ticles formed from different initial particles reach a mass equivalent to that of a 
neutron. Here p938.3 represents a proton with a mass of 938.3. The experimen-
tally measured neutron radius ranges from 0.8 to 0.9 fm. We incorporated this 
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factor when determining the value of n. The underlined data are in agreement 
with the experiment. From Table 6, we can get the following results: A neutron is 
synthesized from a π-meson and a proton, the radius of a neutron is calculated to 
be 0.884 fm, with a spin rate of vn = 0.921c, mass ratio b = 0.36, existing in the 
quantum state of n = 2, so ms = 1. We present the equation for calculating the 
magnetic moment of the neutron: 

( )
( )
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(53) 

All magnetic moments discussed herein are defined by their spin-axis projec-
tions. The orbital magnetic moment projection along the spin axis is quantized as 
ms. Since a neutron transforms into a proton by losing a π meson, it is said that a 
π meson is exchanged when a neutron and a proton transition between each other. 
This aligns closely with Hideki Yukawa’s theory. 

When a proton and a neutron form a deuteron, the binding energy is approxi-
mately 2.224 MeV. Therefore, the calculated orbital velocity of the proton is about 
0.0489c. According to Equation (36), the gravitational coefficient between the 
proton and the neutron is: a = (1 + b)nv1 ≈ 1/10.22. In Section 2.9, we provide a 
detailed method for calculating this gravitational coefficient and demonstrate that 
the gravitational force between protons and neutrons still arises from the rota-
tional motion of charges (See Equation (56)). From this, it can be seen that the 
exchange of gluons between protons and neutrons is not the essence of the strong 
interaction. Rather, the rotation of particles and their charge distribution consti-
tute the fundamental cause underlying the formation of the strong interaction. 

2.9. Explore the Structure of Protons 

The calculation of three-body particle systems is complex, but still strictly abide 
by the quantum rules. For instance, when an atomic nucleus captures two elec-
trons, forming a helium-like ion, the binding energy of the second captured elec-
tron involves three-body computations. Our proposed formula for this is: 
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(54) 

The data in parentheses are experimental values, σ is the potential energy ad-
justment term of the repulsive force between electrons. Further research demon-
strates that atomic nuclei capturing additional electrons follow the same rule. For 
example, when a carbon nucleus (+6 charge) captures its 3rd electron, the binding 
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energy is E₃ = 64.5 eV. For the 4th, 5th, and 6th electrons, the binding energies are: 
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 (55) 

Composite particles often exhibit hybridization and superposition between 
quantized vibrational and rotational energy levels. However, the rotational en-
ergy spectrum vanishes when the central particle’s charge distribution is spher-
ically symmetric or when the particle radius becomes sufficiently small. In any 
case, when internal particles possess sufficiently small radii, they can be treated 
as point-like particles. This approximation allows the proton to be modeled as 
a two-body system, albeit introducing significant theoretical errors. Neverthe-
less, this approach serves as an effective method for inferring proton structure. 
Experimental studies have determined the proton radius to be approximately 
0.83 fm or 0.87 fm [19], while the proton-neutron binding energy yields the 
strong interaction coefficient a = 1/10.22. Referring to Figure 4(A), we derive 
the following equation by neglecting less significant terms and introducing an 
error coefficient σ: 
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(56) 

Based on the experimental observation of a resonance quantum state with mass 
number 1019.5 and total spin S = 1, which is hypothesized to be protonium (a 
bound state of a proton and an antiproton), we proceed to estimate the internal 
spin velocity of the constituent particles. Following the methodology applied to 
the deuteron system, we adapt Equation (17) to this scenario: 
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  (57) 

According to Equation (21), when the mass of protonium is 1019.5, the orbital 
velocity of the proton is 0.84c. Assuming it is in the n = 12 state, the orbital radius 
is 0.819 fm, which implies that even if the proton has no spin, the generated strong 
interaction is sufficient to cause annihilation. Assuming it is in the n = 13 state, 
the orbital radius is 0.887 fm. Substituting n = 13 into Equation (57), we obtain: 
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  (58) 

Experimental detection has revealed the existence of a protonium state with a 
mass of 1864 and a total spin S = 0. The possible rotational modes of the particle 
are as shown in Figure 5. Based on this, we obtain Equation (57): 

 2
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  (59) 

Accounting for error factors, we conclude that the proton’s spin rate is approx-
imately 0.91 - 0.99, and its radius is about 0.83 - 0.86 fm. With knowledge of the 
proton’s spin rate and radius, the structure of the proton can be roughly estimated 
by Equation (14) and Equation (52). Table 7 shows several possible results we 
calculated. 

 

 
Figure 5. The state of protonium when the total spin is S = 0. A. Proton and antiproton with antiparallel spins. B. Proton and 
antiproton with coaxial counter-rotating spins. 
 

When assuming the proton is composed of a ρ (775) meson and a Σ (1193) 
baryon, the proton must occupy the n = 15 quantum state, otherwise, its orbital 
radius would deviate from the experimental range of 8.1 - 8.7 fm. The resulting 
magnetic moment of the proton is: 
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  (60) 

Of course, this is only a reasonable conjecture. If experimental measurements 
reveal that the magnetic moment of the Σ (1193) particle is approximately 
−6.06μN, it would provide clear confirmation that the proton indeed has such a 
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structure. However, until experimental confirmation is obtained, we present 
this primarily as a reference for readers. The internal structure of particles man-
ifests through their magnetic moments. Precise measurement of particle mag-
netic moments will therefore serve as an effective method for studying particle 
internal structures. 

 
Table 7. Spin rates and radius values for certain mesons and baryons when their combined mass is close to that of a proton. 

Original 
Mass (MeV) 

Dynamic mass 
ratio 

Orbital speed 
(c) 

Relativistic 
increment 

Theoretical 
radius (fm) 

Possible 
hierarchy 

Resultant 
mass 

(MeV) 

Central 
magnetic 

moment (μN) 

139 + 1116 0.587 0.9848 5.792 0.81 n = 5 938.1 −14.2 

139 + 1193 0.6446 0.9902 7.16 0.853 n = 7 937.8 −21.9 

494 + 1116 0.7958 0.9266 2.659 0.815 n = 9 938.5 −5.66 

494 + 1193 0.8071 0.943 3.005 0.862 n = 11 938.3 −7.7 

494 + 1232 0.8125 0.9494 3.184 0.81 n = 11 939.2 −7.7 

494 + 1315 0.826 0.961 3.616 0.85 n = 14 938.3 −10.7 

775 + 1193 0.912 0.9237 2.62 0.831 n = 15 938.3 −6.06 

775 + 1232 0.9109 0.9304 2.728 0.844 n = 16 938.1 −6.70 

775 + 1315 0.9085 0.942 2.98 0.859 n = 17 938.3 −7.33 

The underlined data represents the more probable scenario. 

3. Results and Conclusions 
3.1. The Strong Interaction between a Quark and an Antiquark 

The partial data of the J/ψ particle discovered in the experiment are as follows: 
2980; 3097; 3415; 3510; 3556; 3594; 3686; 3770; 3823; 3872; 3885; 3900; 3930; 4009; 
4022; 4030; 4040; 4160; 4260; 4360; 4415; 4421; 4456; 4664. Some data of Υ particle 
that have been experimentally discovered are as follows: 9460; 9859; 9893; 9912; 
10,023; 10,233; 10,255; 10,269; 10,355; 10,573; 10,650 (PDG2023) [20]-[22].  

First of all, with the mass of the particle, we can calculate the gravitational 
coefficient inside the particle. Second, based on the theory of relativity, we have 
established an equation for calculating the gravitational coefficient between 
quarks. Based on the experimental data, we calculated the gravitational coeffi-
cients for each quantum state by Equation (21) and placed them in the “Exp. a” 
column of Table 8. The gravitational coefficients calculated using Equation (14) 
are listed in the “Th a” column of Table 8 [11]. If Liu Yun’s hypothesis is correct, 
the gravitational coefficients derived from Equations (21) and (14) will be iden-
tical.  

From Table 8, it can be observed that the strong interaction between quarks is 
the total superposition of the relativistic effects of the internal charges of the 
quarks. 
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Table 8. Comparison of the coupling coefficient of quark potential strength interaction calculated theoretically with the experimen-
tally measured values.   

J/ψ particle Υ particle 

Quantum level r (fm) Exp. a Th. a M (MeV) Quantum level r (fm) Exp. a Th. a M (MeV) 

n = 4 0 0 0 0 n = 6 0 0 0 0 

n = 5 0.1796 7.310 7.329 3097 n = 7 0.183 7.478 7.476 9460 

n = 6 0.347 6.749 6.677 3770 n = 8 0.279 6.975 6.916 10,023 

n = 7 0.519 6.611 6.559 4030 n = 9 0.374 6.710 6.718 10,355 

n = 8 0.701 6.572 6.518 4160 n = 10 0.497 6.420 6.613 10,573 

n = 9 0.934 6.460 6.495 4260 n = 11 0.592 6.575 6.574 10,650 

3.2. The Essence of Weak Interaction 

The weak interaction was initially proposed to explain beta decay, the process of 
conversion between protons and neutrons. Experimental observations indicate 
that the weak interaction is always accompanied by the emission or absorption of 
neutrinos and invariably results in parity violation. 

Between atoms, the mutual interpenetration of orbitals can form covalent 
bonds, leading to increased stability in multi-particle systems. Research indicates 
that similar orbital overlap phenomena also exist among microscopic particles. 
Experiments have detected the “proximity freedom” effect within the strong in-
teraction. As illustrated in Figure 6, this effect only occurs when particle radii 
interpenetrate, demonstrating that radius overlap between microscopic particles 
happens frequently. 

When the orbits intersect, the internal charge motion of the particles becomes  
 

 
Figure 6. Simplified diagram of the internal charge distribution when the radii of particles 
with opposite charges interpenetrate and overlap each other. A. The internal charge distri-
bution of particles when the central mass is large. B. Internal charge distribution when 
approximated as a two-body particle system. 
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more complex. Figure 6 shows a simplified charge distribution diagram. Assum-
ing the particle radii are not identical and they rotate at extremely high speeds, the 
gravitational coefficient formula between the particles, as illustrated in Figure 
6(B), is: 

 
( )

2
1 2

1 222

1 ,
1

r ra
d

β +

−+ ∆
≈ ∆ =

− ∆
  (61) 

This indicates that a peak in the gravitational coefficient occurs when d ≈Δr. 
When Δr = 0, the two particles behave as particle-antiparticle pairs, and at d = 0, 
the gravitational coefficient reaches its maximum, leading to complete annihila-
tion—a result fully consistent with experimental observations. Only such a struc-
ture can explain why the neutrino’s magnetic moment is so exceedingly small [23]. 

The essence of weak interaction lies in either the reaction process, where π me-
sons and three types of charged leptons produce neutrinos, or the decay process, 
where neutrinos disintegrate into charged leptons. 

The neutron contains one more π meson than the proton. When a free positron 
approaches a neutron, there is a certain probability that it will intersect and com-
bine with a π meson inside the neutron, forming a very light neutral particle—the 
electron neutrino. Some studies suggest that neutrinos lack parity. Therefore, to 
ensure parity conservation in this reaction, participating gluons (including pho-
tons) must be included in the process. The final outcome is equivalent to the neu-
trino possessing well-defined parity. The reaction equation is as follows: 

 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

: , 1,3,

: , 1,3,

: , 1,3,

: , 1,3,

e

e

A e v k Q k

B e v k Q k

C v k Q k

D v k Q k
µ

τ

π γ

π γ

µ π γ

τ π γ

− +

+ −

− +

− +

+ + − = + + − + =

− + − = − + − + =

+ + − = + + − + =

+ + − = + + − + =









  (62) 

In the equation, we postulate that the electron neutrino has positive parity, γ 
represents a possible type of gluon (such as a photon) that may be generated, and 
k denotes the number of generated particles. Q stands for the heat produced in 
the reaction: Q > 0 for reactions where rest mass decreases, Q < 0 for reactions 
where rest mass increases. The signs (±) in parentheses indicate the parity of the 
particles. Taking the electron neutrino as an example, since both parity and energy 
are conserved in the reaction equations, we use the “=” sign to denote the balance. 
By summing (A + B + C) and simplifying, we obtain the following equation: 

 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

:

:

:

: , 1,3,

e

e

A e v k Q

B v k Q A B C

C k e e Q

D e v v k Q k

µ

µ

π γ

µ π γ

γ

µ γ

+ −

− +

+ −

− −

− + − = − + − +
+ + − = + + − + + + →


− = − + + + 
+ = + + − + + + − + = 

  (63) 

The same particles on both sides of the equal sign indicate that they are con-
sumed immediately after being produced. When particles combine, their mass de-
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creases as their radius shrinks. Thus, when a muon combines with a π meson and 
the mass reduces to 0.17 MeV (the experimentally observed mass of the muon 
neutrino), the radius should be approximately 2 × 10−18 m—consistent with the 
conventionally accepted range of the weak interaction. Summing the following 
equations yields: 

 

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

, 1,3...

( ) , 1,3...

, 1,3...

: , 1,3,
e

e

n p ve e

k e e Q k

k n p Q k

e v k Q k

A n p v e k Q k
Q m m m m mγ

γ

γ π

π γ

γ

− +

+ −

− +

+ −

− = + + − + =
− + + = + + − + = →


− + − = − + − + = 
+ = + + − + + + − + =

= − − − −

   (64) 

This is a composite reaction formed by the superposition of multiple processes. 
When the negative pion (π−) inside the neutron has a certain probability of ap-
proaching the proton in an elliptical orbit, it converts its potential energy into a 
photon pair. One of these photons then decays into an electron-positron pair. 
Subsequently, the positron interacts with the π− meson, producing a neutrino, 
while the neutron—now having lost the π− meson—transforms into a proton. 
Since the annihilation of half-spin particles and antiparticles produces an odd 
number of photons, when moving the half-spin particle in the above equation to 
the other side of the equality sign, it must be replaced by its corresponding anti-
particle while simultaneously adding a photon, thus, parity conservation is main-
tained [18]. 

 

( ) ( ) ( ) ( ) , 1,3...

( ) ( ) ( ) ( ) , 1,3...

( ) ( ) ( ) ( ) ( ) , 0, 2, 4...
e

e

n e p ve

k n p Q k

e v k Q k

n e p v k Q k
Q m m m m mγ

γ π

π γ

γ

+ −

− +

+ +

− + + = + + − + = →
− + − = − + − + = 

+ + − = + + − + + + =
= + − − −

  (65) 

Theoretically, precise measurement of the Q-value could determine which spe-
cific particles participated in the reaction process. The same method can be ap-
plied to the following reaction equations: 
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



  (66) 

Experimental observations show that a hydrogen nucleus (a single proton) is 
highly stable, whereas deuterium nuclei (containing a neutron) frequently un-
dergo β− decay. However, the photons produced in this process do not necessarily 
leave the atomic system. Some photons may be absorbed by the atom, subse-
quently altering the angular quantum number of a particular orbital—a phenom-
enon well-documented in numerous physical experiments and extensively veri-
fied. Since only a portion of the photons are absorbed by the atomic system, the 
resulting electrons exhibit a continuous energy spectrum ranging from zero to 
maximum kinetic energy. This observation confirms that parity remains con-
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served in weak interactions, although the atomic system itself may sometimes dis-
play apparent parity non-conservation. Madame Chien-Shiung Wu’s experiment 
with cobalt-60 nuclei emitting electrons precisely demonstrated this reaction. 

Furthermore, the parity ambiguity of K mesons arises precisely due to reactions 
of the following type: 

 ( ) ( ) ( ) ( )0 14%π π π+ −− → − + ⊥   (67) 

Experimental observations reveal that such reactions consistently occur with a 
probability of 14%, and the two resulting π mesons must have mutually perpen-
dicular spin orientations. This configuration ensures parity conservation in the 
equation, which is why we add a perpendicularity symbol (⊥) to one π meson in 
the formula. 

The very existence of these reactions led to the recognition that π mesons must 
possess negative parity. Given this understanding, the following reaction should 
come as no surprise: 
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+
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− − +

− ⊥ + − → ⊥ ⊥ + −

− −

− → ⊥ + −
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→ ⊥

+

+ −




  (68) 

Later, it was discovered that these so-called τ and θ particles were in fact the 
same K meson. The inability to reconcile their parity conservation led to what 
became known as the τ − θ puzzle. When the decay produced three mesons, the 
mutual perpendicularity relationship became less obvious, which initially caused 
confusion. Crucially, these reactions did not involve neutrino exchange and were 
therefore not weak interaction processes—they were purely strong interaction re-
actions. As such, parity conservation was absolutely required in these decays. 

3.3. Explorations on the Unification of Gravitational and  
Electromagnetic Forces 

Based on our previous arguments, both the strong and weak interactions can be 
unified within the framework of electromagnetic interaction. However, can grav-
itational force between masses also be unified into electromagnetic interaction? 

Initially, our research group approached this question with a relatively simplis-
tic assumption: we hypothesized that gravitational force between masses might 
also arise from a superposition of electromagnetic effects. We have gathered some 
evidence supporting this idea. For instance, although certain particles do not pos-
sess a net magnetic moment, they carry oscillating magnetic moments—analo-
gous to alternating currents. When such particles accumulate in large numbers, 
their collective interaction manifests externally, with the probability of attractive 
forces (gravitation) consistently exceeding that of repulsive forces (as illustrated 
in Figure 7). 

To demonstrate that gravitational mass originates from electromagnetic inter-
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actions between charges, we present the formation mechanism of gravitational 
attraction in electron-positron bound states (positronium). 

As shown in Figure 7(A), when neglecting the influence of internal particle 
spins and considering only electron spin effects, the instantaneous resultant of 
electric and magnetic forces between charge pairs 1 + 2 and 3 + 4 can be expressed 
as (where S = 1 denotes spin state, with the negative sign indicating the attractive 
term): 

 ( ) ( ) ( )1 3 0 1 4 2 2 2 3 2 2 2 4 21 2 * 3 4 , 1 2
e

v e v e eS
a

F q q q q q q q q
d

β β β β+ −+ + = = − − +   (69) 

Applying the same methodology, the instantaneous resultant force between 
charge pairs 3 + 4 and 5 + 6 in Figure 7(A) is given by (S = 1): 

 ( ) ( ) ( )5 3 0 5 4 2 6 3 2 2 6 4 05 6 * 3 4 , 1 2
e

e e vS
a

F q q q q q q q q
d

β β β β++ + = = − − +   (70) 

In Figure 7(B), the instantaneous resultant force between charge pairs 1 + 2 
and 3 + 4 is given by (S = 0): 

 ( ) ( ) ( )1 3 0 1 4 2 2 2 3 2 2 2 4 01 2 * 3 4 , 0 2
e

e v e vS
a

F q q q q q q q q
d

β β β β− −+ + = = − − +   (71) 

In Figure 7(B), the instantaneous resultant force between charge pairs 3 + 4 
and 5 + 6 is given by (S = 0): 

 

 
Figure 7. Charge distribution in positronium systems. A. Three positronium with aligned spin orientations. B. Three positronium 
with anti-aligned spin orientations. 
 

 ( ) ( ) ( )5 3 2 5 4 2 6 3 2 6 4 05 6 * 3 4 , 0 2
e

e v vS
a

F q q q q q q q q
d

β β β β+ + = = − − +   (72) 

Considering that the electron spin rate is significantly greater than the orbital 
rate, averaging over the four equations yields a net gravitational attraction. This 
demonstrates that when numerous particles without magnetic moments aggre-

https://doi.org/10.4236/jhepgc.2025.114088


Y. Liu et al. 
 

 

DOI: 10.4236/jhepgc.2025.114088 1458 Journal of High Energy Physics, Gravitation and Cosmology 
 

gate, the probability of gravitational attraction occurring in any given direction is 
higher than that of repulsion. Furthermore, when accounting for the internal charge 
motion within particles, and Particle deformation due to the principle of mini-
mum energy state, it becomes evident that magnetic gravitational attraction arises 
between particles regardless of whether they possess intrinsic magnetic moments. 
Although this magnetic gravitational force becomes exceedingly weak at long dis-
tances, the collective effect of numerous aggregated particles can cumulatively 
generate sufficient gravitational pull through superposition. This fundamentally 
explains the origin of mass-induced gravity. 

Moreover, if we statistically analyze the force-versus-distance curves of numer-
ous microscopic particles, the averaged trend closely resembles the interaction 
force profile between molecules (as shown in Figure 8). 

 

 
Figure 8. The unity of the four basic interactions. A. The relationship between the interaction coefficient of quarks and distance. B. 
The relationship between intermolecular forces and distance. This is very similar to the average force line between quarks. 
 

The third evidence we propose is that the gravitational coefficient may not be a 
constant, but rather a variable parameter. According to the gravitational coeffi-
cient equation, the gravitational coefficients between different particles vary. If 
materials of different compositions are selected for measuring the universal grav-
itational constant, the results will inevitably differ. This aligns with experimental 
observations: no two measurements of the gravitational constant have ever been 
identical, always showing minor discrepancies. Recent experimental reassess-
ments of the gravitational constant by multiple physics research teams have re-
vealed significant discrepancies. For instance, in 2018, the Chinese team led by 
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Professor Luo Jun at Huazhong University of Science and Technology measured 
the gravitational constant between tungsten-gold alloy spheres, obtaining a value 
greater than 6.6742 × 10−11 (SI units) [17] [24], while the average value measured 
using ordinary spheres was 6.672 × 10−11 (SI units), demonstrating remarkable 
deviations. 

However, after reviewing relevant literature in this field, we have come to rec-
ognize that gravitational attraction may involve a more complex mechanism. Ein-
stein once pointed out that gravity does not truly exist as a force; rather, it arises 
because mass curves the surrounding spacetime, causing objects to follow curved 
paths instead of straight lines, thus creating the appearance of attraction. In his 
general theory of relativity, Einstein proposed the Einstein Equivalence Principle 
(EEP). To fully explain the origin of gravitational attraction, it is necessary to clar-
ify how mass causes the curvature of spacetime while remaining consistent with 
the EEP. 

Around 1960, Leonard Schiff conjectured that this kind of connection was a 
necessary feature of any self-consistent theory of gravity [25]. More precisely, Schiff’s 
conjecture states that any complete, self-consistent theory of gravity that embodies 
WEP necessarily embodies EEP. In other words, the validity of WEP alone guaran-
tees the validity of local Lorentz and position invariance, and thereby of EEP. 

Given the limited knowledge base of our research group and our incomplete 
understanding of theoretical physics—particularly in the area of general relativ-
ity—we currently lack the capacity to fully resolve this challenging problem. Nev-
ertheless, this question has captured our strong interest. Regardless, the ideas we 
propose may be regarded as one possible perspective, offering an alternative ap-
proach for further exploration. Achieving a true unification of the four fundamental 
forces will require collaborative efforts from a broader community of physicists. 
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