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Abstract 
The quantum probability theory of fuzzy event is suggested by using the idea 
and method of fuzzy mathematics, giving the form of fuzzy event path integral, 
membership degree amplitude, fuzzy field function, Green function, physi-
cal quantity and fuzzy diagram. This theory reforms quantum mechanics, 
making the later become its special case. This theory breaks unitarity, gauge 
invariance, probability conservation and information conservation, making 
these principles become approximate ones under certain conditions. This 
new theory, which needs no renormalization and can naturally give mea-
ningful results which are in accordance with the experiments, is the proper 
theory to describe microscopic high-speed phenomenon, whereas quantum 
mechanics is only a proper theory to describe microscopic low-speed pheno-
menon. This theory is not divergent under the condition of there being no 
renormalization and infinitely many offsetting terms, thereby it can become 
the theoretical framework required for the quantization of gravity. 
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1. Introduction 

Since Hawking offered the problem of black hole information loss [1], scholars 
have tried their best to save the conservation of information [2] [3] [4], because 
the non conservation of information will destroy the unitarity of quantum 
theory and bring a major crisis to quantum theory [5]-[12] in which brilliant 
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achievements have been made. However, here there exists a problem: quantum 
theory is a theory to describe reversible process, whereas black hole radiation is 
irreversible process [13]. How can the former fit describing the latter! The rea-
son why black hole radiation is irreversible is that the heat capacity of black hole 
is negative and there is no stable heat balance between black hole and the outside 
world. There must be temperature difference between the black hole and the 
outside world, and the radiation process must be irreversible. Quantum theory is 
not suitable for describing irreversible processes, and it is incompatible with the 
second law of thermodynamics. Thereby, the reformation of quantum theory or 
a new theory has to be found to depict irreversible black hole radiation. This is 
the work of this paper.  

In my first work [14] on fuzzy quantum probability, it is mentioned that there 
are two directions for developing quantum probability into fuzzy quantum 
probability: one is to introduce fuzziness into the event, whereas the probability 
(wave) is clear or determined, so as to obtain the quantum probability of fuzzy 
event; the other is to introduce fuzziness into the quantum probability, while the 
event is clear, so as to obtain the fuzzy quantum probability of the event. The li-
terature [14] is dedicated to the work in the second direction, i.e. doing the work 
of “the fuzzification of quantum probability” with the method of fuzzy mathe-
matics, whereas the work of the first direction will be done in this paper. This 
work will reform quantum theory and push quantum theory to a new stage.  

In this paper, the form of the path integral of fuzzy event is established in Sec-
tion 2. The quantum field theory of fuzzy event is discussed in Section 3. In Sec-
tion 4, the mathematical form of membership degree amplitude of fuzzy path is 
discussed. Fuzzy diagram is also introduced and discussed in this Section.  

2. The Path Integral of Fuzzy Event 

As we know, quantum probability is calculated by “probability amplitude”, 
whereas probability amplitude is calculated by “path integral”. Thereby, if one 
attempts to create a theory about the quantum probability of fuzzy event, it is 
necessary to introduce fuzziness into path integration. For this, the three differ-
ent probability theories about paths should be first reviewed. 

In Figure 1, the point A is the particle source whereas a detector is placed at 
point B. ( )r t  represents a possible path from A to B. Then, the total probabili-
ty of finding the particle at the point B can be computed from the viewpoints of 
several different probability theories. 

First, from the viewpoint of classical probability theory, if there exists a prob-
ability distribution for the momentum values of the emitted particles, the par-
ticle has a certain probability to move along the path ( )r t  and are observed at  
point B. This probability is denoted as ( )P r t  



. Then, the probability that a  

particle will be observed at point B is 

 
( )

( )
( )

all
from  to 

.
r t
A B

P A B P r t→ =   ∑


                    (1) 
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Figure 1. This figure shows the thought of path summation. For the probability theory of 
fuzzy event, the position (coordinate) of the particle at a certain moment is fuzzy or dif-
ficult to be judged accurately. The so-called “fuzziness of the coordinate” is different from 
the probability uncertainty of the coordinate, the former is the uncertainty of the judg-
ment of the result that has occurred whereas the latter is the uncertainty of the prediction 
of the result that has not occurred. 

 
Second, from the viewpoint of the probability theory of fuzzy event, consider-

ing the fuzziness of the position (coordinate) of the particle, the path of the par-
ticle also is unsharp. So, A B→  is a fuzzy event, which can be denoted using a 
fuzzy set R . Every path belongs to this fuzzy set only in a certain degree of 
membership. For instance, the membership degree of the path ( )r t  is expressed  
as ( ) [ ]0,1R r tµ ∈  



. According to the probability formula of fuzzy event [15], 

the probability that a particle will be observed at point B is  

( )( ) ( )
( )

( )
all

from  to 

.R
r t
A B

P R A B r t P r tµ= → = ⋅      ∑ 



 

             (2) 

Third, from the viewpoint of quantum mechanics, considering the volatility of 
the particle, according to the principle of superposition, the probability ampli-
tude for A B→  is  

( )
( )

( )
all

from  to 

.
r t
A B

K A B r tψ→ =   ∑


  

Here ( )r tψ   


 is the probability amplitude for the path ( )r t . According to  

the statistical interpretation of wave function, the total probability should be 
calculated using probability amplitude 

( ) ( ) 2
.P A B K A B→ = →                   (3) 

The logic vein among these three probability theories is shown in Figure 2. 
The designed path summation form about fuzzy event is also exhibited in 

Figure 2. Is this kind of path summation form rational? The consideration can 
be made as follows: 

1) When the interference terms 

( )

( ) ( )( )

( )
( ) ( ) ( ) ( )

all all
from  to from  to 

0,R R
r t r t
A B A B

r t r t

r t r t r t r tλ λ ψ ψ∗ ∗

′

′ ≠

′ ′× →              ∑ ∑  

 

 

     

i.e. wave effect disappears, the form of the quantum probability of fuzzy event 
changes into  

( )( ) ( )
( )

( )
2 2

all
from  to 

.R
r t
A B

P R A B r t r tλ ψ= → = ×      ∑ 
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Figure 2. This figure shows the logical clues to the development of probability theory. It ex-
hibits how fuzziness is introduced into the event. In the probability theory of fuzzy event, the 
property of the probability ( )P r t  

  of basic event has no change. Similarly, in the quantum 

probability theory of fuzzy event, the property of the probability amplitude ( )r tψ   
  of ba-

sic event also has no change. Not only that, but the properties of the operator, eigenstate, eigen-

value etc. also are not changed. In the figure, ( ) [ ]
2

0,1R r tλ   ∈ 

  represents the membership 

degree for the path ( )r t R∈


 , whereas ( )R r tλ   

  is named “membership degree amplitude” 

just like the origin of the name of probability amplitude. In addition, it is worth being 
pointed that in the probability theory of fuzzy event, the conservation of probability does not 
hold. This is because ( ) ( )

( )
( )

( )all all
from  to from  to 

1.R
B r t B r t

A B A B

r t P r t P r tµ
∀ ∈Ω ∀ ∈Ω

  ⋅   <   =     ∑ ∑ ∑ ∑

 

    Where Ω  

represents the whole space. Similarly, it can be imagined that in the quantum probability theory 
of fuzzy event, probability also is not conserved because of the introduction of the membership 
degree (amplitude). 

 
This just accords with the form of the probability of fuzzy event.  
2) When the membership degree amplitude  

( ) ( )1, for arb itrary pathR r tλ →  



 

i.e. fuzziness effect disappears, the form of the quantum probability of fuzzy 
event changes into 

https://doi.org/10.4236/jmp.2020.1112129


W. B. Qiu 
 

 

DOI: 10.4236/jmp.2020.1112129 2057 Journal of Modern Physics 
 

( )( ) ( )
( ) ( )

( ) ( )( )

( )
( ) ( )

2 *

all all all
from  to from  to from  to 

.
r t r t r t
A B A B A B

r t r t

P R A B r t r t r tψ ψ ψ
′

′ ≠

′= → = +          ∑ ∑ ∑
  

 

  

  

This just accords with the form of the quantum probability of the event. 
That is to say, under certain conditions, the quantum probability of fuzzy event 

can respectively transition to the probability of fuzzy event and the quantum 
probability of the event. So, the designed path summation form for fuzzy event 
in Figure 2 is rational. 

According to the above thought and the explanation about Figure 2 (in 
the quantum probability theory of fuzzy event, the property of the probabili-
ty amplitude ( )r tψ   



 of basic event has no change), one can write out the path 
integral form of fuzzy event  

( ) ( )( ) ( ) ( ){ }1 1 2 2
all paths

, , exp ,RK r t r t C r t iS r tλ→ = ⋅      ∑ 

   

        (4) 

or 

( ) ( )( ) ( ) ( ){ } ( )1 1 2 2, , exp .RK r t r t r t iS r t D r tλ→ = ⋅          ∫ 

    


      (5) 

Equation (5) also can be introduced in another way. Usually, it is thought that 
the position (coordinate) ( )r t  of the particle is clear and certain at one mo-
ment. However, according to the idea of fuzzy theory [16], it can be argued that 
those seemingly clear and certain quantities are actually not at all clear and cer-
tain, and they have fuzziness or they are difficult to be evaluated accurately and 
should be depicted using fuzzy numbers. Here, it is thought that the position of 
the particle at one moment is fuzzy or difficult to be evaluated accurately, and it 
should be depicted by fuzzy number r  (fuzzy coordinate). Thus, the range 
(boundary) of the coordinate value of the particle is also fuzzy. According to the 
integral theory of fuzzy mathematics [17], an integral of non-fuzzy function over 
fuzzy interval ( ),a b  can be defined 

( ) ( )( ) ( ){ } ( )

( ){ }1 2 1,

1 2 1,

1 1 2 2

1
3

10

, , exp

lim exp .b b N b

a a N a

b

a
Nx x x

N N jx x xN j

K r t r t iS r t D r t

C iS r t d x
ε

−

−

−

→∞ =→

→ =       

=   

∫

∏∫ ∫ ∫





  

  

   







 

  (6) 

This fuzzy integral can be computed in an alternate form 

( ) ( )( ) ( ) ( ){ }

( ) ( ){ } ( )

1
3

1 1 2 2 0 1
10

, , lim , , , exp

exp .

N

N N N jRN j

R

K r t r t r r r C iS r t d x

r t iS r t D r t
ε

λ

λ

−∞

−∞→∞ =→

→ =   

=           

∏∫

∫





     

 

  



(7) 

Thus, (5) is obtained ((7) is just (5)). (7) can be regarded as the result of the 
non-fuzzification of (6). 

Is the above design from (6) to (7) rational? An explanation can be made as 
follows: 

From (6) and (7), it can be obtained respectively that 

( ) ( )( ) ( ){ }1 2 1,

1 2 1,

122 3
1 1 2 2

10

the interference ter

, , lim ex

s,m

p db b N b

a a N a

Nx x x
N N jx x xN j

K r t r t C iS r t x
ε

−

−

−

→∞ =→

→ =   

+

∏∫ ∫ ∫
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( ) ( )( ) ( ) ( ){ }
122 3

1 1 2 2 0 1
10

the interference term

, , lim , , , exp d

.s

N

N N N jRN j
K r t r t r r r C iS r t x

ε

λ
−∞

−∞→∞ =→

→ =   

+

∏∫ 

     

 

 
When the interference terms tend to zero (i.e. wave effect disappears), the above 
two equations change respectively into 

( ) ( )( ) ( ){ }1 2 1,

1 2 1,

122 3
1 1 2 2

10

, , lim exp d ,b b N b

a a N a

Nx x x
N N jx x xN j

K r t r t C iS r t x
ε

−

−

−

→∞ =→

→ =    ∏∫ ∫ ∫
  

  

  



   (8) 

( ) ( )( ) ( ) ( ){ }
122 2 3

1 1 2 2 0 1
10

, , lim , , , exp d .
N

N N N jRN j
K r t r t r r r C iS r t x

ε

λ
−

∞
−∞→∞ =→

→ = ×    ∏∫ 

     

  (9) 

According to the integral theory of fuzzy mathematics [17], (9) is just the alter-
native form of (8). This shows the rationality of (6) and (7).  

3. Quantum Field Theory of Fuzzy Event 

For the non-relativistic particle system (microscopic low-speed phenomenon) 
whose particle-number is certain, probability conservation is satisfied. So, there  
is no fuzziness, ( ) 1R r tλ =  

 . Thus, (5) becomes usual Feynman path integral. 

But, for field theory (microscopic high-speed phenomenon), it is difficult to 
accurately determine the particle-number of every momentum value because of 
the generation and annihilation of the virtual particle pairs in vacuum. Accord-
ing to the fuzzy quantity theory of fuzzy mathematics [16], this kind of quantity, 
which is difficult to be assessed accurately, should be regarded as fuzzy variable 
represented by the membership function. That’s to say, the microscopic vacuum 
state of field theory is unsharp (uncertain). It is also known that the determined 
microscopic state corresponds to the determined field function. Thus, the fuzzi-
ness of the microscopic state of vacuum directly leads to the fuzziness of the field 
function of vacuum (this can be called “fuzzy vacuum” or “fuzziness of va-
cuum”). Whereas the fuzziness of field function again leads to the fuzziness of 
the path integral of field theory. So, if (5) is used to describe field system, one  

can have ( )
2

0 1xλ ϕ≤ ≤    (here real scalar field ( )xϕ  is taken as an exam-

ple). 
Here it should be pointed out that if (6) and (7) are used to describe the field 

theory, (6) is based on the fuzziness of the field function and fuzzy field function 
should be written as  

( )
( )

( ) 3
3

1 , e d .
2

ik xx q k t kϕ
∞ ⋅

−∞π
= ∫







   

Where ( ),q k t


  indicates the fuzziness of microscopic state of the field. Whereas 
in (7), since (7) is the result of the non-fuzzification of (6), the field function
( )xϕ also should be regarded as the result of the non-fuzzification of ( )xϕ  

with the form
 

( ) ( )( ) ( ) ( )3 31 2 , e d .ik xx k q k t kϕ λ
∞ ⋅

−∞
π= ∫





 

            (10)
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Where ( ),q k t


 
is a possible value of ( ),q k t



 , whose membership degree is 
maximum. ( )kλ



 is the relative membership degree amplitude of ( ),q k t


, and  

( ) ( ) 2
k kµ λ=
 

 represents the relative membership degree for ( ),q k t


. For the  

non-vacuum field (the field of excited state), there is no fuzziness, ( ) 1kµ =


; 
whereas for vacuum field (the field of ground state), there is fuzziness,  

( )0 1kµ≤ ≤


. Here it is might as well supposed temporarily that 

( ) ( )2 2 2 2 .
nn

kk kλ ω= Λ + + Λ

 

                  (11) 

This is a form satisfying the requirement of theoretical relativistic invariance. 
( )RΛ Λ∈  and ( )n n N∈  are two undetermined parameters (constants). Of 

course, besides of (11), ( )kλ


 or ( ) ( ) 2
=k kµ λ

 

 
also can take other forms (see 

Figure 4). 
The introduce of ( )R xλ ϕ  

 into path integral of field theory will lead to the  

change of the forms of Green function and physical quantity. It is easy to prove 
that the expressions of the n-point Green function and physical quantity, which 
are corresponding to the fuzzy path integral, respectively are 

( ) ( ) ( ) ( ) ( ){ }
[ ]

( ) ( )

1 1 1

1 0

ˆ ˆ, , 0 0

,

n n nR R

n
Fn

n J

G x x T x x x x

W J
i

J x J x

λ ϕ ϕ λ ϕ ϕ

δ
δ δ

−

=

 =     

=

 

 



     (12) 

( ) ( ) ( )1 exp .R
iO D O x x S x

Z
ϕ ϕ λ ϕ ϕ =             ∫ 



      (13) 

Where [ ]FW J  is the generating functional based on the fuzzy path integral, 

( )O xϕ    is the physical quantity under study, and Z
 
is the fuzzy path integral 

about ( )xϕ  and its form is like (5). 

It is worth being pointed out that in the quantum probability theory of fuzzy 
event, since probability conservation is broke, unitarity does not hold (because un-
itarity means probability conservation). Because unitarity also implies gauge inva-
riance and information conservation, the breaking of unitarity will mean the 
breaking of gauge invariance and information (entropy) conservation. The 
unconservation of information (entropy) further means irreversibility. The break-
ing degree of unitarity can be depicted by the rate of the change of information (en-
tropy): the change rate being large (corresponding to irreversible process) means 
large breaking degree, the change rate being small implies less breaking degree, and 
the change rate tending to zero (corresponding to reversible process) means that 
unitarity is not broken. Traditional quantum field theory, which argues unitarity, is 
applicable to the reversible process; whereas quantum field theory of fuzzy event in 
this paper, which negates unitarity, is suitable for the irreversible process. 

The relations among these several conceptions are shown in Figure 3. 
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Figure 3. The breaking degree of unitarity can be depicted by such several approaches: 1) 
the rate of change of information (entropy), d d 0I t → , unitarity comes into true. 2) the 

breaking degree of gauge invariance, ( ) 0k kµ µνΠ →  (here ( )kµνΠ  is taken as an ex-

ample), unitarity comes into true. 3) the breaking degree of probability conservation, 
1 0sumP − → , unitarity comes into true. It can been seen that the so-called “unitarity”, 

“gauge invariance”, “probability conservation”, “information conservation” and “reversi-
ble process” are all not strict principles but approximate ones under certain conditions. It 
will be seen in the next section that for black hole, these approximate principles no longer 
hold! 

4. The Mathematical Form of Membership Degree  
Amplitude and Fuzzy Diagram 

In the path integral of fuzzy event, what is the mathematical form of the mem-
bership degree amplitude ( )R xλ ϕ  

? This is a process of exploration. 

For instance, for the scattering problem of the electron-photon interaction 
system, it can be ordered that  

( ) ( ) ( )

( ) ( ) ( ) ( )

1

4 2
1

, ,

1exp .
2

R

A

x x A x

iF d x m x x A x A x

µ

µ µ

λ ψ ψ

δ ψ ψ δµ

  
  = +    
∫





       (14) 

Where 
4

1 2 3 4d x dx dx dx dx= , 4x it=  is virtual time. 1F  is a constant satisfying  

( ) ( ) ( )
1

2
0 , , 1.R x x A xµλ ψ ψ ≤ ≤ 

 

( )*

p im
m p

ν νγ
δ

=
= ∑ . 2

Aδµ  satisfies 

( ) ( )4 2 *2 0 .Ai kµν µνδ δµ− = Π →π  

Since gauge invariance is broken in quantum field theory of fuzzy event, the 
square term of gauge field is introduced into (14). This square term breaks unitar-
ity and probability conservation. The breaking degree is decided by the integral of 
this square term. When the integral is relatively large, the breaking degree of un-
itarity also is relatively large; when the integral is relatively small, the breaking 
degree of unitarity also is relatively small. When the integral tends to zero, the 
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square term of the gauge field can be ignored, and gauge invariance, unitarity, 
probability conservation and information conservation come into true. 

By using (10) and (14), a S matrix element without divergence, from which 
the theoretical results can be computed in accordance with the experimental da-
ta, can be obtained from (12). The propagators in the S matrix element have the 
following forms: 

( ) ( )
( )

( )4 2 2  for elec
ˆ

r n, t o
2

F
i ip mS p p

p m i
µ

ε
−

+π
= ×

−
 

( ) ( )
( )

( )4 2  for pho o.
2

t nF
iD k k

k i
µν

µν

δ
δ µ

ε
−

= ×
π −

 

Here ( )pµ  and ( )kµ  are the membership degree factors of the propagators. 
Several Feynman diagrams are drawn in Figure 4 to show the membership de-
grees of the vacuum propagators. 

These diagrams in Figure 4 are actually called “fuzzy graphs” [18] in fuzzy 
mathematics. It can been seen from these fuzzy graphs that in vacuum, the higher 
the order of the excitation is, the lower its degree of membership is. That is to say, 
the farther away from the influence of non-vacuum particles the vacuum is, the 
smaller the membership degree of its propagator is. In this way, it can be imagined 
that for a vacuum without the influence of non-vacuum particles, the membership 
degree of its propagator should tend to zero. Thus, for the vacuum without the in-
fluence of non-vacuum particles, n  should be a very large value in (11). The va-
cuum energy (density) calculated with (10) and (11) will be a very small value, 
which can help to explain the problem of small cosmological constant. 

Since there is no divergence in the quantum field theory of fuzzy events, the 
renormalization is not need (Some people think that the renormalization theory 
cannot be regarded as a completely correct theory even though it’s supported by 
experiments. We should also seek a deeper understanding to explain the intrin-
sic nature of the agreement between the experimental results and the calculated 
results [19]. The quantum theory of fuzzy events may be an attempt at this un-
derstanding). Though generally renormalization is not need, the renormalization 
of the coupling constant can be carried out for some specific purposes, for in-
stance, researching “asymptotic freedom”. 

It should be pointed out that under the condition of 1 6 10mΛ =   and 
4

2 1 10 m−Λ < × , the above fuzzy diagrams give  

( ) ( ) ( ) ( )42 * * * 20 0 0a 2 0.ndA v Ak k k k i kµ µν µν µ µν µ µδµ π δ δµ ≈ Π −Π ≈ → Π ≈ − ≈   

Thus, gauge invariance, unitarity and the conservation of probability and infor-
mation come into true in an approximate sense (it is mentioned above that these 
principles are only approximate ones). 

Similarly, for the quark-gluon system, it can be ordered that  

( ) ( ) ( ) ( ) ( )

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

2

4 2 2
2

, , , ,

1exp .
2

R

c c
B

x x B x x x

iF d x m x x B x B x x x

ρ
µ

ρ ρ
ψ µ µ η

λ ψ ψ η η

δ ψ ψ δµ δµ η η

  
  = ⋅ + ⋅ + ⋅    
∫





(15) 
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Figure 4. This figure shows the rules and laws of writing the (relative) membership degree factors of various propagators. The 

membership degree is assigned the value 1 for the non-vacuum propagator, ( )22 2
2 22 p k Λ ± + Λ   for the vacuum electron 

propagator of the first-level excitation and ( ) 22 2 2
1 1k Λ + Λ   for the vacuum photon propagator of the first-level excitation (i.e. in 

(11), 2n = ). Here, the so-called “first-level excitation” is pointing the vacuum propagator excited directly by the non-vacuum 
propagator. In addition, in the above digrams there are also second-level excitation, third-level excitation, fourth-level excitation, 
and so on. The “second-level excitation” is pointing the vacuum propagator excited directly by the vacuum propagator of the 
first-level excitation, and the “third-level excitation” is pointing the vacuum propagator excited directly by the vacuum propagator 
of the second-level excitation, and so on. In the above diagrams, the membership degrees of several vacuum propagators of the 
first-level excitation are respectively assigned the values as follows: 

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

( ) ( ) ( )

22 2 2
1 1 1 1

22 2 2
2 1 2 1

22 2
1 3 6 2 1 2

22 2
2 7 2 2 2

,

,

2 ,

2 .

k k

k k

p p p p k

p p p k

µ

µ

µ µ µ

µ µ

 = Λ + Λ 

 = Λ + Λ 
 = = = Λ − + Λ 

 = = Λ + + Λ 

 Where 1 6 ~ 10mΛ = , 4
2 1 10 m−Λ < × , m  is the mass of electron. For the va-

cuum propagator of the second-level excitation, the assignment of the membership degree should consider the influence of the 
fuzziness of the vacuum propagator of the first-level excitation. For instance, in the above diagrams,  

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

222 2 2 2 2
3 2 1 2 1 3 1

2 22 22 2 2 2 2 2 2 2 2 2
4 2 1 2 1 4 1 2 2 2 1 4 1

2 ,

2 or 2 .

k p k k

k p k k p k k

µ

µ

   = Λ − + Λ Λ + Λ  

      = Λ − + Λ Λ + Λ Λ + + Λ Λ + Λ      

 For the vacuum propagator of the 

third-level excitation, the assignment of the membership degree should consider the influence of the fuzziness of the vacuum 
propagator of the second-level excitation. For instance, in the above diagrams, 

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

22 22 2 2 2 2 2 2
4 2 1 2 1 3 1 2 4 3 2

22 22 2 2 2 2 2 2
5 2 1 2 1 3 1 2 5 3 2

22 22 2 2 2 2 2 2
8 2 1 2 1 4 1 2 8 4 2

22 2 2 2 2
9 2 1 2 1 4 1

2 2 ,

2 2 ,

2 2 ,

2

p p k k p k

p p k k p k

p p k k p k

p p k k

µ

µ

µ

µ

    = Λ − + Λ Λ + Λ Λ + + Λ    

    = Λ − + Λ Λ + Λ Λ − + Λ    

    = Λ − + Λ Λ + Λ Λ + + Λ    

   = Λ − + Λ Λ + Λ   ( )( )2 22 2
2 9 4 22 .p k Λ − + Λ 

 For the vacuum propagators of the higher-level exci-

tation, and so on. 
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Where ( )xη  represents ghost field. But, in the case of lattice gauge field, there 
is no ghost field. According to the above thought, under the condition of large 
momentum exchange, the perturbation S matrix element without divergence can 
be obtained whose theoretical results accord with the experimental data when 

( )7
3

8
4

9
5

for the membership degree factor of the vacuum propagator of gluon

for the membership degree factor of the vacuum propagator of ghost 
particle

for the membership d

10 ,

10 ,

10 . egr

e

e

e

m

m

m

−

−

−

 
 
 

Λ ≤

Λ ≤

Λ ≤ ( )ee factor of the vacuum propagator of quark









 

What is more, gauge invariance, unitarity, probability conservation and infor-
mation conservation are all satisfied because 

2 0Bδµ ≈  and 
( ) ( ) ( ) ( ) ( ) ( )

( )

* * *

4 2

0 0

2 0.

aa aa aa

abc a bc B

k k k k

i k f f

λ λλλ λλ λλ

λ λλπ δ δµ

′ ′ ′

′ ′ ′

′ ′

 Π − Π ≈ → Π  

≈ − ≈  

However, under the condition of extremely strong gluon field, the integral of the 
square term of gluon field cannot be ignored, and the breaking of unitarity also 
has to be considered.

 
Since the quantum field theory of fuzzy event need no renormalization and 

infinitely many offsetting terms and can naturally give meaningful results with-
out divergence, it is the theoretical framework required for the quantization of 
gravity. For the system of gravity and scalar field, it is ordered that 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

3

4 2
3

2 2

, , ,

exp 1 2

1 .
2

R

h

c
c

h x x x x

F i d x h x h x

x x x x

µν α
β

µν
µν

θ φ

λ θ θ φ

δµ

δµ θ θ δµ φ φ

  
 

=  


+ + 

∫



              (16) 

Where ( )xθ  is the ghost field, ( )h ggµν µν µνη κ= −  is the gravitational field. 
2
hδµ  is a very small value (this is similar to 2

Aδµ  and 2
Bδµ  above). For weak 

gravity system, the gravitational square term in (16) is very small and thereby 
can be ignored, unitarity is tenable. But, for the black hole or the universe of very 
early stage, due to extremely strong gravity, the gravitational square term in (16) 
can no longer be ignored. So, the breaking of unitarity also can no longer be ig-
nored, and information is no longer conserved. 

5. Conclusions  

In this paper the second kind of fuzzy quantum probability theory (quantum 
probability of fuzzy event) is proposed. This theory can be regarded as the re-
formation and redevelopment of usual quantum theory, making fuzzy events al-
so be able to be described. Under certain conditions, the quantum probability 
theory of fuzzy event will transition to usual quantum theory. Thereby, tradi-
tional quantum theory is only the special case of the quantum probability theory 
of fuzzy event. Due to the introduction of fuzziness, this new theory breaks un-
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itarity, gauge invariance, probability conservation and information conservation, 
making these principles become approximate ones under certain conditions. This 
new theory is a theory which can describe irreversible process, whereas quantum 
mechanics is only a theory to describe reversible process. This new theory, which 
needs no renormalization and can naturally give meaningful results in accordance 
with the experiments, is the proper theory to describe microscopic high-speed 
phenomenon, whereas quantum mechanics is only a proper theory to describe 
microscopic low-speed phenomenon. 

The novelty of the work of this paper lies in: 1) bringing forward the conept 
and idea of “fuzzy vacuum” or “fuzziness of vacuum”; 2) putting forward that 
under the condition of extremely strong gauge field or gravitational field, usual 
quantum theory and unitarity will fail. 

At present, seemly there are six directions for the quantum theory of fuzzy 
event to play roles:  

1) Being helpful to meaningfully quantize gravity. 
2) Being helpful to construct the unified theory of four basic forces. 
3) Being helpful to solve the puzzle of cosmological constants. 
4) Being helpful to research quantitatively the origin of the Big Bang. 
5) Being helpful to understand the problem of black hole information loss. 
6) Possibly providing a new idea and solution to the “abnormal” decay proba-

bility of B mesons in LHCb. 
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