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A theory of particle physics about quantum number constrained equation 

and particle singularity 

 

Abstract: 
In this paper, two fundamental problems of particle physics are studied 

theoretically. The first one is: to solve the problem of establishing general quantum 
number constrained equation, the symmetry transformation mechanism of charge 
eigenstates for elementary particles is adopted, and the quantum number constrained 
equation is established, which is applicable to physical particles. For hadrons, this 
equation is completely consistent with Gell-Mann-Nishijima formula. For leptons, the 
lepton quantum numbers are exactly the solutions of this equation. The second one is: 
to solve the problem of understanding singularity and calculating singular numbers, a 
hypothesis that a composite particle may has virtual structure is proposed. According 
to this hypothesis, the singular particles must be composite particles, and have virtual 
structures. In a virtual structure, the particles and antiparticles of component particles 
can form particle-antiparticle pairs, which have great influence such as improving mass 
and changing life of composite particles. Therefore, the composite particle with 
particle-antiparticle pairs in its virtual structure is singular particle, and the singular 
number is the number of particle-antiparticle pairs. These two theoretical results are in 
good agreement with the already achieved experimental results of particle physics, can 
explain the related phenomena of physical particles from a deeper physical mechanism, 
and theoretically predict the existence of singular leptons and several new singular 
hadrons. 

Keywords: Particle physics; Symmetric transformation; Quantum number; 
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1 Introduction 

In the in-depth exploration of particle physics, the continuous development of 
particle accelerators, detection means, data processing and computing technology has 
not only brought about the progress of particle physics, but also promoted the 
development of the whole science and technology [1-7]. The establishment of the 
standard model of particle physics is one of the important achievements of physics in 
the 20th century. It can describe the properties of quark, lepton, photon, gluon, 
intermediate boson and Higgs particle, as well as the three basic interactions [8-10]. At 
present, there are many research directions in particle physics, such as hadron physics, 
heavy flavor physics, lepton physics, neutrino physics, accurate test of standard model, 
symmetry and symmetry destruction, standard model expansion, etc. these works have 
even played an important role in the study of the evolution of the universe [11-14]. 

At deeper levels of physical mechanism, are there theoretical problems need to be 
more in-depth thought in particle physics? For instance, Gell-Mann-Nishijima formula 
is a very successful quantum number constrained equation for hadrons, it refers to the 
relationship between hadron charge, isospin third component, baryon number and 



singular number. In order to describe the properties of singular sub, singular number is 
also introduced into the formula [15-18]. Inspired by this formula, some problems need 
to be considered are put forward: What is the deeper physical mechanism on which the 
formula is established? How to establish a general quantum number constrained 
equation, hadrons and leptons both can be described? The baryon numbers of all 
hadrons can be summed, which shows that hadrons belong to one class, while leptons 
are of three classes, why? What is the nature of singular particles? Why are singular 
numbers not conserved? There are singularities in hadrons, can there be singularities in 
leptons? 

After years of study and thinking, I put forward the solutions to the above problems. 
(1) About the problems of quantum number constrained equation, the symmetry 
transformation mechanism focusing on charge eigenstates for physical particles is 
proposed, thus the quantum number constrained equation of physical particles is 
established through method of operator transformation. In the field of hadrons, this 
equation is completely consistent with Gell-Mann-Nishijima formula. In the field of 
leptons, the quantum numbers of lepton are exactly the solution of this equation. And 
based on this equation, the physical phenomena of one kind of baryon number and three 
kinds of lepton number can be reasonably explained. (2) About the problems of 
understanding singular particles and calculating singular numbers, a hypothesis that a 
composite particle may has virtual structure is proposed. According to this hypothesis, 
the singular particles must be composite particles, and have virtual structures. In a 
virtual structure, the particles and antiparticles of component particles can form 
particle-antiparticle pairs, which have great influence such as improving mass and 
changing life of composite particles. Therefore, the composite particle with particle-
antiparticle pairs in its virtual structure is singular particle, and the singular number is 
the number of particle-antiparticle pairs. These two theoretical results are in good 
agreement with the already achieved experimental results of particle physics, can 
explain the existing physical phenomena of particles from a deeper physical mechanism, 
and theoretically predict the existence of singular leptons and several new singular 
hadrons. These theoretical results are summarized below, and put forward some ideas 
for further researches. 
2 Quantum number constrained equation of physical particle 

2.1 Equation derivation based on symmetry mechanism 

In particle physics, each kind of particle has multiple quantum numbers. What are 
the interactions and constraints between these quantum numbers? The effective way is 
to sum quantum numbers by transformation, thus to establish the quantum number 
constrained equation of physical particle. In the following, using up-down operator 
method, choose a basic quantum number as the ground state to make multiple 
transformations, and accordingly introduce other kinds of quantum numbers with 
intrinsic conservation, then obtain the summation effect of quantum numbers with 
associated transformations. 

As we all know, charge is the most typical quantum number with conservation, 
quantum and eigenstate in particle physics [19-21], so take the charge number q and 

charge operator Q  as the basic quantum number and basis operator. For elementary 



particles, the charge number is 0, 1q    being the eigenvalues of charge operator, so 

the charge operator Q  and eigenstate   must satisfy the following expressions: 

Q q  ,  
2

Q Q      (1) 

In the intrinsic space associated with charges, there are three types of symmetric 

transformations [22]: inversion, co-spin and rotation. So, use inversion operator A  to 

inverse the initial state  , use co-spin operator B  to add co-spin quantum number 

c, and use rotation operator C  to add rotation quantum number r. According to the 

operator theory, these three operators must satisfy the following relationships with 

charge operator Q : 

QA AQ 0  , QB BQ Bc  , QC CQ Cr      (2) 

Make operator transformations: Firstly, initial state is transformed by A   from 

  to A  , accordingly the eigenvalue of charge at new state is changed from q to 

-q, the derivation and description are as follows: 

QA AQ 0   ,  QA = Aq      (3) 

Then, the second state is transformed by B  from A   to BA  , accordingly 

the co-spin quantum number c is added, the derivation and description are as follows: 

QB(A ) BQ(A ) B(A )c    ,  QBA ( )BAc q       (4) 

Finally, the third state is transformed by C   from BA    to CBA   , 

accordingly the rotation quantum number r is added, the derivation and description are 
as follows: 

QC(BA ) CQ(BA ) C(BA )r    , QCBA ( )CBAr c q     (5) 

Sequentially apply the inverse operators 
1

C


, 
1

B


, and 
1

A


to the second term of 

Formula (5), which is reduced to the expression of transformed charge operator acting 
on the original eigenstate: 

D ( )r c q    ,  
1 1 1

D A B C QCBA
  

     (6) 

What are the scopes of the eigenvalue of Formula (6)? These features depend on 

the operator properties, so the characteristics of operator D  should be analyzed. The 



square of operator D  is as follows: 

1 1 1 1 1 1 1 1 1 22

D A B C QCBAA B C QCBA A B C Q CBA
        

      (7) 

According to the expression of charge operator Q  in Formula (1): 
2

Q Q  , so 
2

D  

can be simplified as: 
1 1 12

D A B C QCBA D
  

        (8) 

The operator properties described in Formula (8) determine that the eigenvalue of 
Formula (6) is 0 or 1 , which can be named as intrinsic sum of quantum numbers for 
physical particles, and its value determine the category of particles: 

0, 1r c q          (9) 

Clearly, D  is the transformed result of Q  through interactions of physical operators, 

and Formula (6) describes the intrinsic properties of conservation, quantum and 
eigenstate of charges, so Formula (9) is the constrained equation of the quantum 
numbers q, c and r for physical particles. In Formula (9), adopting freedom mechanism 
of group theory can know that: when the intrinsic sum is 0, the classification number 

of corresponding particles is (2 0 1) 1    , so hadrons justly satisfy this condition; 

when the intrinsic sum is 1  , the absolute value of the intrinsic sum is 1, so the 

classification number of corresponding particles is (2 1 1) 3   , leptons justly satisfy 

this condition. 
2.2 Equation expression by classical quantum numbers 

Using Formula (9) to describe the quantum number constrained equation for 
physical particles, quantum numbers q, c and r are closely related to classical quantum 
numbers. Respectively, q is the classical charge quantum number; Co-spin quantum 
number c describes the comprehensive effect of particle classification and spin state, so 
which is defined as half of the baryon number b and the lepton number l:  

/ 2c b  (for hadrons), / 2c l  (for leptons)    (10) 
Rotation transformation is similar to isospin transformation, can be used to describe the 
exchange effect between singularity and isospin, so rotation quantum number r is 
defined as: 

3/ 2r s i     (11) 

Where s is singular number, 3i  is third isospin component. 

As the result, using (s, i3, c, q) as the conventional quantum numbers of physical 
particles, the expression of Formula (9) is: 

3/ 2 0, 1s i c q         (12) 



2.3 Quantum number constrained equation for hadrons or leptons 

When the intrinsic sum is 0, Formula (12) is the quantum number constrained 
equation for hadrons, namely: 

3/ 2 / 2 0s i b q        (13) 

Obviously, this expression is completely consistent with Gell-Mann-Nishijima formula. 
Use the existing data to verify, indicating that Formula (13) is right for hadrons, for 

examples: baryons (p, n), mesons ( 0π ,π ,π   , 0k ,k ,k   ) and hyperons 

( 0 0Λ, Σ ,Σ ,Σ ,Ξ ,Ξ    ), etc. In addition, the classification of hadrons can also be 

explained: in Formula (13), the intrinsic sum is 0, and adopt freedom mechanism of 

group theory, can know that the number of hadron classification is (2 0 1) 1   , which 

indicating: all hadrons belong to the same class, so the conservation of baryon number 
is not classified by category. 

When the intrinsic sum is 1 or -1, Formula (12) is the quantum number constrained 
equation for leptons, namely:  

3/ 2 / 2 1s i l q         (14) 

Where, lepton singular number s is introduced in order to generally descript the 
expression and predict the production of new leptons. From Formula (14), three rules 
of leptons can be revealed: (1) Distinguishing particle and antiparticle by intrinsic sum: 
when intrinsic sum is 1, the leptons are positive particles; when the intrinsic sum is -1, 
the leptons are antiparticles. For a pair of particle and antiparticles, of each other the 
quantum numbers and intrinsic sum are opposite in sign and equal in value. (2) The 
lepton meson with spin 0 does not exist, for that when c = 0 the quantum numbers in 
Formula (14) have no reasonable solutions. (3) Lepton classification: the absolute value 

of the intrinsic sum is 1, so the number of lepton classification is (2 1 1) 3    , 

indicating that: there are 3 classes of leptons, so when the leptons belong to different 
classes, the nonzero Co-spin numbers cannot be summed, and the conservation of 
lepton numbers must be classified by category. At present, there are 3 kinds of leptons, 
the properties and quantum numbers are completely consistent with this theory: 

Quantum 
number 

e ,μ , τ  ev , μv , τv  e ,μ , τ  ev , μv , τv  

q -1 0 +1 0 

c 1/2 1/2 -1/2 -1/2 

i3 -1/2 1/2 1/2 -1/2 

s 0 0 0 0 

Intrinsic 
sum 

+1 +1 -1 -1 

3 Singular number judgment of singular particles 

3.1 Virtual structure hypothesis 



Singular particles must be composite particles, therefore we can study the 
properties of singular particles from the composition and structure of composite 
particles. A particle can decay into more than one particle, the particle is called 
composite particle. Some of the particles produced by decay are also composite 
particles, so they also decay to produce other particles. In this way, through gradual 
decay, the final products will be some relatively stable basic particles, such as electrons, 
neutrons, protons, neutrinos, etc. All the basic particles produced by the gradual decay 
of composite particles are called the component particles of the first composite particle. 
A composite particle is constructed by its component particles by forming 
corresponding structure, this hypothesis structure can be called virtual structure of 
composite particles, which has a great influence on the properties of composite particle. 

C-N pair assumption: as the components of a composite particle, charged 

elementary particle x and its neutral antiparticle 
x

v  may form pair  , xx v  when they 

meet and be reconciled by other component particles in parent particle, so the quantum 
number of the pair is (0, -1, 0, -1) or (0, 1, 0, 1). The pair mainly change the charge 
value and part mass of composite particle. Here use C-N pair as the abbreviation. 

P-A pair assumption: elementary particle x and its antiparticle x , will annihilate 
when they meet alone; however, if as the components of a composite particle, may form 

pair  ,x x  when they meet and be reconciled by other component particles in parent 

particle, so the quantum number of the pair is (0, 0, 0, 0). Here use P-A pair as the 
abbreviation. Physically, P-A pairs are formed due to the strong force between particles 
and antiparticles, so the mass of the composite particle will be very large when there 
are P-A pairs formed in its component particle swarm. 

Locator assumption: in the component particles of a composite particle, there 
must be an elementary particle which belongs to the same class with composite particle, 
thus has the same Co-spin quantum number c with composite particle and determines 
the categorical properties of composite particle. Therefore, this component particle is 

called locator in virtual structure of composite particle. Specifically, consider e , ev ,

μv  and τv  as lepton locators, consider p and n as baryon locators, and suppose quark 

pair o=(uu)  as meson locator with quantum number (0, 0, 0, 0). 

Virtual structure assumption: A composite particle is composed of several 
component particles, being similar to that a family is made up by several peoples. In 
the component particles, some form C-N pairs, some form P-A pairs, and one acts as 
the locator. In this way, a composite particle has a virtual structure being consist of C-
N pairs, P-A pairs and a locator, so its properties are closely related to the number of C-
N pairs and P-A pairs, and the nature of the locator. Drawing analogy with human 
family structure, C-N pair is analogue to brother-sister pair, P-A pair is analogue to 
husband-wife pair, and locator is analogue to patriarch. 
3.2 Singular number calculation 



Conserved quantum numbers between composite and component particles: In 
the intrinsic space, inversion transformation, co-spin transformation and rotation 
transformation are symmetric transformations, so these three symmetry transformations 
do not change the conservation of quantum numbers q, c and r. The conservation rule 
of quantum numbers is mainly reflected in the process of decay and construction of 
composite particles. Suppose that the quantum numbers of a composite particle are q, c 
and r, and the sum of term by term quantum numbers of the component particles are 

'q  , '
c   and 'r  . According to the law of conservation, the quantum number of a 

composite particle is equal to the sum of the quantum numbers of the component 
constituent particles, namely: 

'q q , '
c c , '

r r     (15) 

The generating mechanism and calculation method of singular number: 
According to the previous assumptions, P-A pairs may produce a lot of mass, and thus 
make the composite particles have singularity and large mass. Therefore, a theoretical 
explanation is proposed, namely: singularity is produced by P-A pairs, so the 
singular number is the number of P-A pairs. The conservation and variation of 
quantum numbers between component particles and composite particle are expressed 
by Formula (15), so which can be used to calculate the quantum numbers of composite 
particle. In the component particles, there is no singularity, so the rotation quantum 

number 'r  of component particles is only the third component of isospin '

3i , namely 

' '

3r i . For composite particle, if there are P-A pairs in the virtual structure, singular 

number s is generated and contribute to the rotation quantum number r, namely 

3/ 2r s i  . According to the Formula (15), the quantum number change results related 

to the singular number can be obtained: 
'

3 3/ 2s i i  , ps n     (16) 

Where pn  is the total number of P-A pairs in virtual structure. Through Formula (16), 

can calculate the singular number, and can reasonably explain the non-conservation 
phenomenon of singular numbers, namely: the disappearance of the P-A pairs after the 
decay of the singular particle is the disappearance of the singular number. 
3.3 Example verification 

(1) Lepton τ  may has singularity 

For lepton τ : μ ττ μ v v
    , e μμ e v v

    , so the component particles 

are ( e , ev , μv , μv , τv ), and the sum of quantum numbers of component particles is (0, -

1/2, 1/2, -1). There are two possible virtual structures: the first one may be 



μ τμ , τv v
       , of which there is no P-A pair, so the corresponding quantum 

number is (0, -1/2, 1/2, -1); the second one may be  e μ μ τe , ,v v v v         , of 

which there is a P-A pair, so take p 1n   and '

3 1/ 2i    into Formula (16), and refer 

to the quantum number conservation mechanism descripted by Formula (15), the 
quantum number of the composite particles with this second structure is (-1, 0, 1/2, -1). 

Which structure belongs to the current lepton τ  ? The mass of τ   is very large: 

1776.82MeV. The existence of P-A pair can produce large mass, so the second virtual 

structure may belong to τ , providing singular number -1. To prove this assumption, 

further experiments needed. If a new lepton of the same family as τ  is found through 

experiments, the structure of τ  is the first one when the mass of the new lepton is 

greater than 1776.82MeV, or the structure of τ  is the second one when the mass of 

the new lepton is less than 1776.82MeV. 

(2) Mesons π  and k   have the same components, but the mass are very 

different, why? 

For mesons π  and k  : μπ μ v
    , μk μ v

    , showing that the 

component particles of π  and k  are the same ( e , ev , μv , μv , o ), and the sum of 

quantum numbers of component particles is (0, -1, 0, -1). There are two possible virtual 

structures: the first one generate π , namely μμ , o πv
      , of which there is no 

P-A pair, so the corresponding quantum number is (0, -1, 0, -1), which is just the 

quantum number of π  . The second one generate k  , namely 

 e μ μe , , o kv v v
       , of which there is 1 P-A pair, so take p 1n   and '

3 1i    

into Formula (16) and (15), the quantum number of the composite particle with the 
second structure is (-1, -1/2, 0,-1). The quantum number is just equal to that of k , 

proving that this structure is the composition mode of k . The masses of π  and k  

are respectively 139.57MeV and 493.677MeV, and the latter is greater than the former, 

implying that there is a P-A pair in k , no P-A pair in π . Under the condition of the 

same component particles, the difference of mass and third isospin component between 

k  and π , prove that it is reasonable to explain the singular number by the concept 



of P-A pairs. 
(3) Hyperons Λ , Ξ  and Ω  have different singular numbers 

For hyperonΛ  : Λ p π   , so the component particles are (p, e  ,
ev  , μv  , μv  ), 

and the sum of quantum numbers of component particles is (0, -1/2, 1/2, 0). The virtual 

structure is  e μp e , , Λv v v
     , of which there is a P-A pair, so take p 1n   

and '

3 1/ 2i    into Formula (16) and (15), the quantum number of this structure is (-

1, 0, 1/2, 0), which is just equal to that of Λ  , proving that this structure is the 
composition mode of Λ , singular number is -1. 

For hyperon Ξ : Ξ Λ π p π π        , so the component particles are (p, 

2 e ,2 ev ,2 μv ,2 μv ), and the sum of quantum numbers of component particles is (0, -3/2, 

1/2, -1). The virtual structure is  e μ μp 2 e , 2 , Ξv v v
      , of which there are 2 P-

A pairs, so take p 2n    and '

3 3 / 2i     into Formula (16) and (15), the quantum 

number of this structure is (-2, -1/2, 1/2, -1), which is just equal to that of Ξ , proving 
that this structure is the composition mode of Ξ , singular number is -2. 

For hyperon Ω  : Ω Λ k p π k         , ep n e v
    and 

eπ e v
   , so the component particles are (n, 2e ,2 ev , e , ev , μv , μv ), and the sum of 

quantum numbers of component particles is (0, -3/2, 1/2, -1). The virtual structure is 

     e e e μ μn e , e ,e , , Ωv v v v v
          , of which there are 3 P-A pairs, so take 

p 3n    and '

3 3 / 2i     into Formula (16) and (15), the quantum number of this 

structure is (-3, 0, 1/2, -1), which is just equal to that of Ω , proving that this structure 
is the composition mode of Ω , singular number is -3. 

(4) The selection rule of singular number change 

About hyperon 0Ξ  , why is 0 0Ξ Λ π    always the observed decay, but not 

0 0Ξ n π   ? This question can be answered by analyzing the virtual structure 

synthesized by component particles. If 0 0Ξ Λ π  , the component particles are (p, 2

e  , e  , ev  , μv  , μv  ), so virtual structure is     0

e μ μp e , e ,e , Ξv v v
         , of 

which there are 2 P-A pairs, thus the singular number is -2. If 0 0Ξ n π   , the 

component particles are (p, 2 e  , e  , ev  ), so virtual structure is 



  0

ep e , e ,e Σv
       , of which there are 1 P-A pair, thus the singular number is 

-1, and the quantum number is (-1, 0, 1/2, 0), which is not equal to that of 0Ξ , indicating 

that decay 0 0Ξ n π   can’t occur from 0Ξ . 

About hyperon Ξ  , why is Ξ Λ π     always the observed decay, but not 

Ξ n π    ? This question can be answered by analyzing the virtual structure 

synthesized by component particles. If Ξ Λ π   , the component particles are  (p, 

2 e  ,2
ev  ,2 μv  ,2 μv  ), so virtual structure is  e μ μp 2 e , 2 , Ξv v v

       , of which 

there are 2 P-A pairs, thus the singular number is -2. If Ξ n π   , the component 

particles are (p, 2 e ,2 ev , μv , μv ), so virtual structure is  e μ μp 2 e , , Σv v v
      , 

of which there is 1 P-A pair, thus the singular number is -1, and the quantum number is 

(-1, -1, 1/2, -1), indicating that decay Ξ n π    can’t occur from Ξ . 

3.4 New particle prediction 

(1) A new hyperon X with (-1, -1, 1/2, -1) and X Λ π   may exist 

Suppose a particle X is found in experiments, and its decay is: X Λ π  , how 

many possible kinds are there for this particle? For that Λ p π  , μπ μ v
    or 

eπ e v
   , so the virtual structure of the particle X will be different depending on 

the structure of π  . The first possibility: accept μπ μ v
     for all, the virtual 

structure may be  e μ μp 2 e , 2 , Xv v v
     , and the quantum number is (-2, -1/2, 

1/2, -1), so under this condition particle X just is hyperon Ξ . The second possibility: 

accept μπ μ v
     in Λ p π   , and accept eπ e v

     in X Λ π   , so 

the component particles are  (p, 2 e  ,2 ev  , μv  , μv  ), and the virtual structure may be 

 e μ μp 2 e , , Xv v v
      . For this structure, the sum of quantum numbers of 

component particles is (0, -3/2, 1/2, -1), and there is 1 P-A pair, so take p 1n   and 

'

3 3 / 2i    into Formula (16) and (15), the quantum number of this structure is (-1, -1, 



1/2, -1). The quantum numbers is equal to that of Σ , however the decay of Σ  is 

Σ n π   , which is not as the decay of X. It shows that there exists a new kind of 

particle X, its quantum number is (-1, -1, 1/2, -1), and its decay is X Λ π   , 

expecting experiments to verify the prediction of this new particle. Note: Compared 
with Σ , the mass of X is less than that of Σ . 

(2) A new hyperon Y with (-4, 1/2, 1/2, -1) and Y Λ k  may exist 

Suppose new particle Y is found in experiments, and its decay is: Y Λ k  , how 

many possible kinds are there for this particle? For that Λ p π  , μπ μ v
    or 

eπ e v
   , so the virtual structure of particle Y may be different depending on the 

virtual structure of π . The first possibility: accept eπ e v
   , it has been proved 

that the particle Y is hyperon Ω . The second possibility: accept μπ μ v
   , the 

virtual structure is      e e e μ μn e , e ,e , 2 , Yv v v v v
         . For this structure, 

the sum of quantum numbers of component particles is (0, -3/2, 1/2, -1), and there are 

4 P-A pairs, so take p 4n   and '

3 3 / 2i    into Formula (16) and (15), the quantum 

number of this structure is (-4, 1/2, 1/2, -1). In this quantum number, the signs of the 
third component of isospin and the charge are not same, which is unreasonable in 
nonsingular particles; however, if the singular number is equivalent to the third 
component of isospin, this quantum number is reasonable. At present, the quantum 

number is (-4, 1/2, 1/2, -1), and the decay is Y Λ π  , particle Y consistent with 

this data has not been found. It is hoped that someone can verify this new particle 
prediction through experiments. Note: Compared with Ω  , the mass of Y may be 
greater than that of Ω . 
4 Summary 

The quantum number constrained equation of physical particles is established 
theoretically, and an effective explanation is given for the generation of singularities 
and the calculation of singular numbers. The theoretical results in this paper are 
applicable to physical particles, and the predictions of lepton singularity and new 
singular hadrons are also valuable. In order to further verify this theory and promote 
particle physics, I found that the following questions need to be considered deeply: The 
quantum number constrained equation can be used to describe hadrons and leptons, is 
there a limit to the scope of application? As a hypothesis, the particle-antiparticle pair 
can introduce singularity, how to explain it from the physical mechanism? Vector field 
particles, such as photons, gluons, and weakly interacting bosons, how to express the 



quantum number constrained equations? It is hoped that physics peers positively think 
about the above problems in theory, and verify the ideas proposed in this paper from 
experiments, so as to promote the perfect development of particle physics. 
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