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Abstract: This paper shows: Bosons and Fermions maybe the compounds Π of two zero spin particles which are 

spin-conjugates each other in complex region. There are two kinds of spin-conjugates of zero spin particle: real 

spin-conjugate (ૈReal, ૈ) and imaginary spin-conjugate (ૈImaginary, ૈ). Using (ૈReal, ૈ), Bosons and Fermions of 

Antimatter Πோ could be formed, and using (ૈImaginary, ૈ), Bosons and Fermions of Matter Πூ could be formed. 
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1. Introduction 

It is thought that 0, zero spin particle in quantum mechanics does not possess any spin rotational 
ability, and its angular momentum representation is 11 dimension, obviously, this kind of spin 
representation is trivial in Math. 

In STS (spin topological space) [1], however the spin angular momentum representation of zero 
spin particle is no longer trivial, because the first component π1 and the second component π2 of 
zero spin particle (Refer to Eqs. (1) and (2), [2]) can be constructed by infinite dimensional 
non-Hermitian operators. Further we could obtain non-trivial diagonal matrice representations of 
the third component π3 and Casimir Operator π2 of zero spin particle (Refer to Eqs. (3) and (4) of 
Ref. [2]). At the same time, the matrice elements of the third component π3 and Casimir Operator 
π2 of zero spin particles are all in Real number region. In paragraph 2, the basic properties of 0 
zero spin particles in Real region are given. 
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In paragraph 3, For clarity, the detailed formation of zero spin particle in
Complex region is given through a concrete example :

In Complex region, two special zero spin particles ( group a) and group b) )
are introduced, Group a) ∈  and Group b) ∈ Imaginary.  and Imaginary are
called imaginary spin-conjugate each other, which marked by ( Imaginary,  )  (b
, a)  (aImaginary , a)  (b, bImaginary ).

Expression (46)   4
2 ,  3

2 , − 4
2 ,  3

2

2 { 0  i 3 }2I0 and expression (49)

  4
2 , − 3

2 , − 4
2 , − 3

2

2 { 0 − i 3 }2I0 are Casimir Operators of zero spin particle

in Complex region, which result from the raising operator  and the lowering
operator − of group a) (10),(11) and group b) (12),(13) respectively.

Deeper researches [3] further show: Using imaginary spin-conjugate ( Imaginary,  ),
fermion, . I1 (54) with one half spin 

2 of matter could be formed in paragraph
4. And in paragraph 5, similar to paragraph 3 and 4, using real spin-conjugate (
Real,  ), fermion . R1 (66) with one half spin i 

2 of antimatter could be
formed.

2 Basic properties of of 0 Zero Spin Particle in Real Region

In the previous paper [2], we showed the basic properties of zero spin particle
in Spin Topological Space, STS as following:

Raising operator, lowering operator ( diag ≡ diagonal matrix )
0
  diag{, 5, 4, 3, 2, 1, 0, -1, -2, -3, -4, -5, , }1 (1)
−1−  diag{,-4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, , }−1 (2)
1; 0, , −1

2  2; 0, −1
2

 – diag{, 25, 16, 9, 4, 1, 0, 1, 4, 9, 16, 25, , }0 (3)

3; 0, −1 diag{, 5, 4, 3, 2, 1, 0, -1, -2, -3, -4, -5, , }0 (4)

3; 0, −1
2   diag{, 25, 16, 9, 4, 1, 0, 1, 4, 9, 16, 25, , }0 (5)

Casimir Operator
0, −1

2  1; 0, , −1
2  2; 0, −1

2  3; 0, −1
2  02I0 (6)

Angular momentum commutation rules
0
−1− − −1− 0

  23; 0, −1 (7)
3; 0, −10

 − 0
3; 0, −1  0

 (8)

3; 0, −1−1− − −1− 3; 0, −1  −−1− (9)

Note: the math elements of the third component 3; 0, −1 (4) and Casimir Operator
0, −1

2 (6) are all in real number region.

In next two paragraphs, Casimir Operator 2 (6) will be extended to complex
region ( but the third component 3 remain in real region ), in which imaginary
spin-conjugate ( Imaginary,  ) is concerned with, in paragraph 3, and fermion with
one half spin 

2 of matter is constructed in paragraph 4.
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3 Casimir Operator of Zero Spin Particlein with ( Imaginary,  ) in Complex
Region

In order to extend Casimir Operator (6) to complex region, the transformations
of raising operator 0

 (1) and lowering operator −1− (2) of group a) and group
b) are made as (10),(11) and (12),(13)

a) 0
    4

2 ,  3
2

  0
  1

2  4  i 3 I1 (10)

−1−   − 4
2 ,  3

2

−  0
−  1

2  4  i 3 I−1 (11)

b) 0
    4

2 , − 3
2

  0
  1

2  4 − i 3 I1 (12)

−1−   − 4
2 , − 3

2

−  0
−  1

2  4 − i 3 I−1 (13)

Where
I1  diag{, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, , }1 (14)
I−1  diag{, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, , }−1 (15)

A) We deal first with the products of (10) and (11) of group a)

  4
2 ,  3

2

  − 4
2 ,  3

2

−  1
 −1− − 2I1I−1  i 3

2 { 1
 I−1  I1−1− } (16)

 − 4
2 ,  3

2

−   4
2 ,  3

2

  −1− 1
 − 2I−1I1  i 3

2 { I−11
  −1− I1 } (17)

Following results are useful to calculate (16) and (17)
Obtainment 1
1
 −1−

 diag: {, 51, 41, 31, 21, 11, 01, -11, -21, -31, -41, -51, }0
{, -51, -41, -31, -21, -11, 01, 11, 21, 31, 41, 51, }0

 diag: {, 6, 5, 4, 3, 2, 1, 0, -1, -2, -3, -4, }0
{, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, }0

1
 −1−  diag{, -24, -15, -8, -3, 0, 1, 0, -3, -8, -15, -24, }0 (18)
−1− 1

  diag{, -35, -24, -15, -8, -3, 0, 1, 0, -3, -8, -15, }0 (19)
then
1
 −1− − −1− 1



  diag{, 11, 9, 7, 5, 3, 1, -1, -3, -5, -7, -9, }0 (20)

1
 −1−  −1− 1



  diag{, -59, -39, -23, -11, -3, 1, 1, -3, -11, -23, -59, }0 (21)

Obtainment 2
I1I−1  I−1I1  I0 (22)

I0  diag{, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, , }0 (23)
then
I1I−1 − I−1I1  0I0 (24)
I1I−1  I−1I1  2I0 (25)
Obtainment 3
1
 I−1  diag{ , 6, 5, 4, 3, 2, 1, 0, -1, -2, -3, -4, , }0 (26)

I−11
  diag{ , 7, 6, 5, 4, 3, 2, 1, 0, -1, -2, -3, , }0 (27)
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then
1
 I−1 − I−11

  −I0 (28)
1
 I−1  I−11



 diag{ , 13, 11, 9, 7, 5, 3, 1, -1, -3, -5, -7, , }0 (29)

Obtainment 4
I1−1−  diag{, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6, , }0 (30)
−1− I1  diag{, –5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, , }0 (31)
then
I1−1− − −1− I1  I0 (32)
I1−1−  −1− I1

 diag{, -9, -7, -5, -3, -1, 1, 3, 5, 7, 9, 11, , }0 (33)

Or
Obtainment 5
1

 I−1 − I−11
  − I1−1− − −1− I1  −2I0 (34)

1
 I−1 − I−11

   I1−1− − −1− I1  0I0 (35)

Obtainment 6
1

 I−1  I−11
  − I1−1−  −1− I1

 2 diag{, 11, 9, 7, 5, 3, 1, -1, -3, -5, -7, -9, , }0 (36)
2

 I−1  I−12
   I1−1−  −1− I1  4I0 (37)

B) Having gotten the above preliminary results, it is now turn to discuss the
third component and Casimir operator of zero spin particle

B1) (16) minus (17), obtain
  4

2 ,  3
2

  − 4
2 ,  3

2

− −  − 4
2 ,  3

2

−   4
2 ,  3

2



 2 1
2 diag{, 11, 9, 7, 5, 3, 1, -1, -3, -5, -7, -9, }0 (38)

Finally we have the third component
3;  4

2 ,  3
2 , − 4

2 ,  3
2

 1
2 (  4

2 ,  3
2

  − 4
2 ,  3

2

− −  − 4
2 ,  3

2

−   4
2 ,  3

2

 ) (39)

 1
2 diag{, 11, 9, 7, 5, 3, 1, -1, -3, -5, -7, -9, }0 3; 1, −1 (40)

And the square of the third component


3;  4
2 ,  3

2 , − 4
2 ,  3

2

2

 1
4 diag{, 121, 81, 49, 25, 9, 1, 1, 9, 25, 49, 81, , }03; 1, −1

2 (41)

B2) (16) add (17), obtain
  4

2 ,  3
2

  − 4
2 ,  3

2

−   − 4
2 ,  3

2

−   4
2 ,  3

2



 2{ – 1
2 diag{, -59, -39, -23, -11, -3, 1, 1, -3, -11, -23, -59, }0

− 3
4 I0  i 3 I0 } (42)
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Then square sum of the first component and the second component


1;  4

2 ,  3
2 , − 4

2 ,  3
2

2  
2;  4

2 ,  3
2 , − 4

2 ,  3
2

2

 1
2 {  4

2 ,  3
2

  − 4
2 ,  3

2

−   − 4
2 ,  3

2

−   4
2 ,  3

2

 } (43)

 – 1
4 diag{, -118, -78, -46, -22, -6, 2, 2, -6, -22, -46, -78, }0

− 3
4 I0  i 3 I0 (44)

B3) Finally Casimir operator, or the total square of spin angular momentum of
zero spin particle with imaginary number is given as below:

  4
2 ,  3

2 , − 4
2 ,  3

2

2

 
1;  4

2 ,  3
2 , − 4

2 ,  3
2

2  
2;  4

2 ,  3
2 , − 4

2 ,  3
2

2  
3;  4

2 ,  3
2 , − 4

2 ,  3
2

2 (45)

 – 1
4 diag{, -118, -78, -46, -22, -6, 2, 2, -6, -22, -46, -78, }0

 1
4 diag{, 121, 81, 49, 25, 9, 1, 1, 9, 25, 49, 81, , }0

− 3
4 I0  i 3 I0

  3
4 I0 − 3

4 I0  i 3 I0 { 0  i 3 }2I0 (46)

C) For (12) and (13) of group b), it is very similar to previous group a), we
get
3;  4

2 , − 3
2 , − 4

2 , − 3
2

 3; 1, −1 (47)

  4
2 , − 3

2 , − 4
2 , − 3

2

2

 
1;  4

2 , − 3
2 , − 4

2 , − 3
2

2  
2;  4

2 , − 3
2 , − 4

2 , − 3
2

2  
3;  4

2 , − 3
2 , − 4

2 , − 3
2

2 (48)

  3
4 I0 − 3

4 I0 − i 3 I0  { 0 − i 3 }2I0 (49)

D) It can prove:
a1)   4

2 ,  3
2

 ,  − 4
2 ,  3

2

− , 3;  4
2 ,  3

2 , − 4
2 ,  3

2
(50)

b1)   4
2 , − 3

2

 ,  − 4
2 , − 3

2

− , 3;  4
2 , − 3

2 , − 4
2 , − 3

2
(51)

Or
a2)   4

2 ,  3
2 , − 4

2 ,  3
2

  1;  4
2 ,  3

2 , − 4
2 ,  3

2
, 2;  4

2 ,  3
2 , − 4

2 ,  3
2

, 3;  4
2 ,  3

2 , − 4
2 ,  3

2
)
(52)

b2)   4
2 , − 3

2 , − 4
2 , − 3

2

  1;  4
2 , − 3

2 , − 4
2 , − 3

2
, 2;  4

2 , − 3
2 , − 4

2 , − 3
2

, 3;  4
2 , − 3

2 , − 4
2 , − 3

2


(53)
a1), a2) and b1), b2) satisfy angular momentum commutation rules

Pay attention to (6) and (46),(49), the former is in real spin region and the
two latters are in complex spin region.

Group a) ∈  and Group b) ∈ Imaginary.  and Imaginary are called
imaginary spin-conjugate each other ( Imaginary,  )
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4 Using ( Imaginary,  ), to construct fermion with one half spin 
2 of matter

marked by . I1 ( for clear and conveience, use . I ≡ . I1 ), which named
Imaginary Spin-Conjugate-Composite that consist of Imaginary and  as below

 I  1
2 { Imaginary

  } (54)

. I satisfies angular momentum commutation rule

 I   I  i I (55)

Here
    4

2 ,  3
2 ; − 4

2 ,  3
2

(52)

Imaginary
   4

2 , − 3
2 ; − 4

2 , − 3
2

(53)

Then combine (52) with (53), we have raising operators I,, lowering operator
I,− and the third component 3. I and Casimir Operator 2. I of  I (54)

I,  1
2 { 20

  2
2 4 I1 }  0

  I1  1
 (56)

I,−  1
2 { 20

−  2
2 4 I−1 }  0

−  I−1  −1− (57)

3. I  3; 1, −1 ∈ R (58)

2. I  
2 


2  1   3

4 
2 ∈ R (59)

Above four expresses show: Formular (55) is just the representation of fermion
with one half spin 

2 of matter. Diagram 1 demonstrates the whole formation of
(55) due to Imaginary spin-conjugate ( Imaginary,  ).

Summary

 I1  1
2 ( Imaginary

  ) (54)

2  1

2 { 0  0 } (60)

{ 
2 , 2. I1 ∈ R }  1

2 ( { 0, Imaginary2 ∈ C }  { 0, 2 ∈ C } )
(61)

5 Casimir Operator of Zero Spin Particle with ( Real,  ) in Complex
Region and Fermion with one half spin i 

2 of Antimatter

First, raising operator 0
 (1) and lowering operator −1− (2) of group c) and

group d) in Complex Region are given as (62),(63) and (64),(65)

c) 0
    3

2 , 2
2

  0
  1

2  3  i 2 I1 (62)

−1−   − 3
2 , 2

2

−  0
−  1

2  3  i 2 I−1 (63)

d) 0
   − 3

2 , 2
2

  0
  1

2 − 3  i 2 I1 (64)

−1−    3
2 , 2

2

−  0
−  1

2 − 3  i 2 I−1 (65)
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Group c) ∈  and Group d) ∈ Real.  and Real are called real
spin-conjugate each other (Real,  ). Then in the way analogous to Group a) ∈ 
and Group b), the third component and Casimir Operators of zero spin particle with
real spin-conjugate ( Real,  ) in Complex region are given as follows

3;  3
2 , 2

2 ; − 3
2 , 2

2
 3;  3

2 , − 3
2

 3; 0, 0 (66)
  3

2 , 2
2 ; − 3

2 , 2
2

2  { 0  i 3/2 }2I0 (67)

3; − 3
2 , 2

2 ;  3
2 , 2

2
 3; − 3

2 ,  3
2

 3; 0, 0 (68)
 − 3

2 , 2
2 ;  3

2 , 2
2

2  { 0 − i 3/2 }2I0 (69)

Then, using (Real,  ), to construct fermion with one half spin i 
2 of

antimatter marked by . R, which named Real Spin-Conjugate-Composite that
consist of Real and  as below

 R  1
2 {Real

  } (70)

. R (  R ≡  R1 ) satisfies angular momentum commutation rule

 R   R  i R (71)
Here

    3
2 , 2

2 ; − 3
2 , 2

2
(72)

Real
  − 3

2 , 2
2 ;  3

;2 , 2
2

(73)

Then combine (72) with (73), we have raising operators R,, lowering operator
R,− and the third component 3. R and Casimir Operator 2. R of  R (70)

R,  1
2 { 20

  i 2
2 2 I1 }  0

  i 2
2 I1  

0, 2
2

 (74)

R,−  1
2 { 20

−  i 2
2 2 I−1 }  0

−  i 2
2 I−1  

0, 2
2

− (75)

3. R1  3; 0, 0 ∈ R (76)

2. R1  i 
2 i


2  i  − 3

4 
2 ∈ R (77)

Above four expresses show: Formular (70) is just the representation of fermion
with one half spin i 

2 of antimatter. Diagram 2 demonstrates the whole formation
of (66) due to Real spin-conjugate ( Real,  ).

Summary

 R1  1
2 ( Real

  ) (70)

2  1

2 { 0  0 } (78)

{ i 
2 , 2. R1 ∈ R }  1

2 ( { 0, Real2 ∈ C }  { 0, 2 ∈ C } ) (79)
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Two Zero Spin Particles in Complex Region
Compose a Matter Fermion with One Half Spin

. I1  1
2   4

2 ,  3
2 ; − 4

2 ,  3
2

Imaginary
1   4

2 ,  3
2 ; − 4

2 ,  3
2
1 

Real Spin Number :
1
2   1

2  0  0 

Casimir Operator : 2 . I1  1, 0 ; −1, 0
2  1

2 
1
2  12

  3
4 

2  0

Matter One Half Spin Particle

in Real Region

. . I1 ,  3
4 

2, 1
2  ——————————————

↑ ↑
| |
| |
| |
| |


1,  3

2 ; −1,  3
2

0 ——————— —————— 0 
1, − 3

2 ; −1, − 3
2

Zero Spin Particle , Zero Spin Particle

in Complex Region , in Complex Region

 4
2 ,  3

2 ; − 4
2 ,  3

2

2  0  i 3 I02 ,  4
2 , − 3

2 ; − 4
2 , − 3

2

2  0 − i 3 I02

Diagram 1
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Two Zero Spin Particles in Complex Region
Compose an Antimatter Fermion with One Half Spin

. R1  1
2    3

2 , 2
2 ; − 3

2 , 2
2
1    3

2 , 2
2 ; − 3

2 , 2
2

Real
1 

Imaginary Spin Number :

i 1
2   1

2  0  0 

Casimir Operator : 2 . R1  
0, 2

2 ; 0, 2
2

2  i 1
2 i

1
2  i2

 − 3
4 

2  0

Zero Spin Particle , Zero Spin Particle

in Complex Region , in Complex Region

  3
2 , 2

2 ; − 3
2 , 2

2

2  0  i 3/2 I02 ,  − 3
2 , 2

2 ;  3
2 , 2

2

2  0 – i 3/2 I02

  3
2 , 2

2 ; − 3
2 , 2

2
0 ————— —————– 0  − 3

2 , 2
2 ;  3

2 , 2
2

| |
| |
| |
| |
↓ ↓

—————————————— i 1
2 , – 3

4 
2, . R1

Antimatter One Half Spin Particle

in Real Region

2 . R1  
0, 2

2 ; 0, 2
2

2  − 3
4 

2

Diagram 2
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Exicited Levels of Spin-Interactions
between Two Zero Spin Rarticles in Complex Region

. I4,  24
4 2, 4

2  , ——————————————————-
↑↑

. I3,  15
4 2, 3

2  , ———————————————– | |
↑↑ | |

. I2,  8
4 

2, 2
2  , ————————————— | | | |

↑↑ | | | |

. I1,  3
4 

2, 1
2  , ——————————– | | | | | |

↑↑ | | | | | |

. In  Matter Spin Particles | | | | | | | |

 j, b ; k, d
I n ———————————|0|————————————  j, b ; k, d

R n

| | | | | | | | Antimatter Spin Particles  . Rn

| | | | | | ↓↓
| | | | | | —————————— i 1

2 , – 3
4 

2, . R1
| | | | ↓↓
| | | | ————————————— i 2

2 , – 8
4 

2, . R2
| | ↓↓
| | ———————————————— i 3

2 , – 15
4 2, . R3

↓↓
——————————————————— i 4

2 , – 24
4 2, . R4

 j, b ; k, d
R n ,  j, b ; k, d

I n ：

Zero Spin Particles in Complex Region

Casimir Operators 2
j, b ; k, d
R n  2

j, b ; k, d
I n   0  i j − kb  d/2  I02

for 2
j, b ; k, d
R n ： j − k  n12–1    3 , 8 , 15 , 24 , . . . 

n  1, 2, 3, 4, . . . b  d   n12–2    2 , 7 , 14 , 23 , . . . 

for 2
j, b ; k, d
I n ： j − k   n12–0    1 , 4 , 9 , 16 , . . . 

n  0, 1, 2, 3, . . . b  d  n12–1    0 , 3 , 8 , 15 , . . . 

Diagram 3
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Diagram 3 consists of Diagram 1 and Diagram 2. Which composes fermions
with one half spin of matter and antimatter. The same programe could explain
" Origion of Particles, Bosons and Fernions, Compounds of Zero Spin Particles, in
Complex Spin Region " [3]

4 Conclusions

Basing on the current point of view of quantum machenics, there is no any
spin-interactions between two zero spin particles.

But " 0 " doesn’t mean " no reality ", if the concept of Spin Topological Space,
STS, is introduced in particle spin angular momentum theory, zero spin particle will
no longer be " The invisible man ", it would give rise to many spin-interaction
phonomenons never expected before.

This paper shows that in complex region of Casimir Operator of zero spin
particle: two zero spin particles which stay in the case of imaginary spin-conjugates
each other, would combine into a matter fermion . I1 with one half spin; and in
the case of real spin-conjugates each other, an antimatter fermion . R1 with one
half spin would be formed.

The details of cases of . In and . Rn, n ≥ 2 in Diagram 3, will be
given in the next paper.
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