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Compounds of Zero Spin Particles, in Complex Spin

Region
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Abstract: This paper shows: Bosons and Fermions maybe the compounds IT 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

Real m) and imaginary spin-conjugate (ﬂ'magmary, m). Using (ﬂReal, ), Bosons and Fermions of

Imaginary

spin-conjugate (Tt

Antimatter TI® could be formed, and using (T , ), Bosons and Fermions of Matter IT' could be formed.
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1. Introduction

It is thought that OA, zero spin particle in quantum mechanics does not possess any spin rotational
ability, and its angular momentum representation is 1x1 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 w; and the second component m, of
zero spin particle (Refer to Egs. (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 3 and Casimir Operator 7 of zero spin particle (Refer to Egs. (3) and (4) of
Ref. [2]). At the same time, the matrice elements of the third component w3 and Casimir Operator
n° of zero spin particles are all in Real number region. In paragraph 2, the basic properties of 0A
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 @) € T and Group b) € T'™d"Y ¢ and 7'M gre
called imaginary spin-conjugate each other, which marked by ( 7tV 11y = (b
, a) — (almaginary , a) — (b, blmaginary )

Expression (46) T%.5 .5 -5 .5 ={ 0+ iv/3 142l and expression (49)

2

2 2 2 2 2
s 5 a4 5 =t{0—1iJ3 }h%ly are Casimir Operators of zero spin particle
2 2 2

2 2
in Complex region, which result from the raising operator " and the lowering
operator T~ of group a) (10),(11) and group b) (12),(13) respectively.

Deeper researches [3] further show: Using imaginary spin-conjugate ( 7t'™a9ina%y g ),

fermion, IT'(1) (54) with one half spin % of matter could be formed in paragraph

4. And in paragraph 5, similar to paragraph 3 and 4, using real spin-conjugate (

7Real 1r), fermion TLR(1) (66) with one half spin iZ of antimatter could be
formed.

2 Basic properties of of 04 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 )

Ty = diag{, 5, 4, 3, 2, 1, 0, -1, -2, -3, -4, -5, }u (1)
T, = diag{,-4, -3, -2, -1, 0, 1, 2, 3, 4, 5 6,, . (2)
Tto,-1 + T30,

— _diag{, 25, 16, 9, 4, 1, 0, 1, 4 9, 16, 25 .}y (3)
Ts0,1= diag{, 5, 4, 3, 2, 1, 0, -1, -2, -3, -4, -5,,}0 4
Ttg;o,,lz + diag{, 25,16, 9, 4, 1, 0, 1, 4, 9, 16, 25, , }0 (5)

Casimir Operator
TG = Mo, + Mig1 + Wiy = Okl (0)

Angular momentum commutation rules

O, — 0Ty = 2T03;0,-1 (7)
T3;0,-1705 — ToTs0,-1 = +T05 )]
TC3.0,-1T0_y — T T3.0,-1 = —T, (9)

Note: the math elements of the third component TT3.0 -1 (4) and Casimir Operator
7§ _; (6) are all in real number region.

In next two paragraphs, Casimir Operator 7t (6) will be extended to complex
region (but the third component T3 remain in real region ), in which imaginary
spin-conjugate ( 7¢'™aMY 7T is concerned with, in paragraph 3, and fermion with

one half spin % of matter is constructed in paragraph 4.
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3 Casimir Operator of Zero Spin Particlein with ( 7t'™9nay 7r) in Complex
Region

In order to extend Casimir Operator (6) to complex region, the transformations
of raising operator 7§ (1) and lowering operator TZ; (2) of group a) and group
b) are made as (10),(11) and (12),(13)

a) Tcg = T[++ﬁ +/3 = Tc_(; + %(‘/Z + Iﬁ)l‘*l (10)
T2 T2
T, = T4 .z = T+ (4 +i/3)l (11)
2 2
2 2 2
T, = T .45 s = T+ (4 -i/3)l, (13)
2 2
Where
ly =diag{, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,, }uq (14)
|y =diag{, 1, 1, 1, 1, 1, 1, 1, I, I, I, 1,, }4 (15)
A) We deal first with the products of (10) and (11) of group a)
Ty s T op = WU = 20l + P2 {51 + a7t ) (16)
2 2 2 2
T g s T s =TT = 2l + P2 (1T + Tl ) (17)
2 2 2 2 2 2

Following results are useful to calculate (16) and (17)

Obtainment 1

LT

=diag: {, 5+1, 4+1, 3+1, 2+1, 1+1, O0+1, -1+1, -2+1, -3+1, -4+1,-5+1, }o
{ -5+1, -4+1, -3+1, -2+1, -1+1, O+1, 1+1, 241, 3+1, 4+1, 5+1, }o

:diag: {’ 69 5’ 4a 3a 29 la Oa '17 '27 '37 _4a }0
(-4, 3, 2,-1,0, 1, 2, 3, 4 5 6 }

Ty T, =diag{, -24, -15, -8, -3, 0, 1, 0, -3, -8 -15, -24, }o (18)
-,y =diag{, -35, -24, -15, -8, -3, Q, I, 0, -3, -8, -15, }o (19)
then
LT, — T4

- & diag{, 11, 9, 7, 5 3,1, -1, 3, 5, 7, 9, Y (20)
THTZ, + T,

= ¢ diag{, -59, -39, 23, -11, -3, 1, 1, -3, -11, -23, -59, }o (1)

Obtainment 2

Il = Dol = o (22)
lo =dag{, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,,}o (23)

then

Il = 114 = Ol (24)

|+1|_1 + |_1|+1 = 2|() (25)

Obtainment 3
Tc:l I—l = dlag{ 9 67 59 49 3’ 29 19 09 '15 '29 '3a '45 5 }0 (26)
|_1T511 = dlag{ s 7’ 67 59 4a 3a ga 19 Oa '17 '29 '37 s }0 (27)
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then
Tl — 1L = =l (28)
Tl + 1T

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

Obtainment 4
Tz, = diag{, 4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6,, }o (30)
ol = diag{,-5, 4, -3, -2, -1, 0, 1, 2, 3, 4, 5,, }o (31)
then
|+1ﬂ::1 — ﬂ::1|+1 = +lg (32)
|+1ﬂ::1 + TC:1|+1

= diag{, -9, -7, -5, -3, -1, 1, 3, 5 7, 9, 11,, }o (33)
Or
Obtainment 5
(il — 1) — (amD, = T5la) = 2l (34)
(il — 1amhy) + (amz, — T4 ly) = 0l (35)

Obtainment 6
(Ttillfl + L]TCL) - (|+1TC:1 + Tc:1|+1)

— 2diag{, 11, 9, 7, 5 3, L, -1, 3, 5, -7, -9, } (36)
(MLl + 1) + (a2 + T4 ly) = 4l (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 +3 e /4 +/3 T -4 +/3 T +/4 +/3
2 2 2 2 2 2 2 2 2 2

= +2 L diag{, 11, 9, 7, 5 3,1, -1, -3, -5 -7, -9, }o (38)

Finally we have the third component

_ 1 + - +
M, owi ofi i o =5 Mg (MW s ~ Mg s T .5 ) (39)
’ 2 2 2 2 2 2 2 2 2 2 2 2

= +diag{, 11, 9, 7, 5, 3,1, -1, -3, -5, -7, -9, }o =T03,41,1 (40)

And the square of the third component

TC2
3. 04 3 A +3
T2 T2 T2 T2

=1-diag{, 121, 81, 49, 25, 9, 1, 1, 9, 25, 49, 81, ,}0=Tt5. 1 (41)
B2) (16) add (17), obtain

+ - +
W vV s vt U g s TUg s
2 2 2 2 2 2 2 2 2

= 2{ - Ldiag{, -59, -39, -23, -I1, -3, 1, 1, -3, -1, -23, -59, }g

—31 + i3 10 } (42)
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Then square sum of the first component and the second component

2
W s 5 _a -5 +TE2 EFC RN S SN

L= = s TS 7 g
1 + +
R {Tc +/4 +J3 R Y e 'S -J4 43 T +J/4 43 } (43)
2 2 2 2 2 2 2 2

= —Ldiag{, -118, -78, -46, -22, -6, 2, 2, -6, -22, -46, -78, }o
~ 210 +iV3 1o (44)

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

2
(L S S S
2 bl

2 2 2

_ g2 2 2

=T i o5 —a o TN g w5 i s TR A s g s (45)
2 2 2 2 2 2 2 ’ 2 2 2 2 > 2 2 2 2

= _%dlag{ﬂ -1187 _787 -469 -22’ -69 2’ 29 _6’ '225 _469 '789 }0

+ %diag{, 121, 81, 49, 25, 9, 1, 1, 9, 25, 49, 81, ,}o
— %|0 + 143 |()

=+31g— 1o + i3 1o ={ 0 + iV3 172l (46)
C) For (12) and (13) of group b), it is very similar to previous group a), we
get
M, v -5 o~ -5 = T (47)
> 2 2 2 2
2
Tc+ﬂ -J3 -J4 -J3
22’ 2 2 T2 2
=T wa -5 i -5 7 752 i S i o + n.+f SR I (48)
> T2 T2 T2 0 T2 > T2 3 > T2 2 >
=+31 - 31 —|\/_|0 _{0—|J_ }h2I0 (49)
D) It can prove:
al) ++ 7 w3 s m 7 +J3 5 Tc3_ +J4 +3 -J4 +J3 (50)
2 2 2 2 o2 2 2 22
bl) e x> W s » Ny va -5 —a -3 (51)
2 02 ) o222 2 2
Or
a2) M .g i a3
2 2 2
=(n1+4 +J3 —J4 +J3 7Tc2 +J4 +43 -J4 +4J3 9n3iiii)
2 2 2 2 2 2 2 2 > » T2 T2 02
(52)
H
b2) M.s v i -5
2 2 2 2
= (n1,+4 -J3 —-J4 -3 n2.+ﬂ -3 -4 -3 n3,+ﬂ 3 -4 i)
> 2 2 2 2 2 2 2 4 2 2 2 2 2 2 2 4 2 2 2 2
(53)

al), a2) and bl), 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) € T and Group b) € f'm@nay g and qU'm0NY gre called
imaginary spin-conjugate each other ( 7r'Madinary gt )
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4 Using (Tt'™mginay 1ty to construct fermion with one half spin % of matter

marked by TL'(1) ( for clear and conveience, use I1' = TL'(1) ), which named
Imaginary Spin-Conjugate-Composite that consist of TTM9"Y and 7T as below

— —Imaginary —
n' = 4= + T} (54)
IT' satisfies angular momentum commutation rule
- - —
nm' <t = if! (55)
Here
- -
T =T +J4 +J/3 . -J/4 +J/3 (52)
2 2 2 2
—sImaginary -
= M.y -5 . i - (53)
2 2 2 2 2

Then combine (52) with (53), we have raising operators IT'*, lowering operator
_)
[T~ and the third component IT5.! and Casimir Operator I12.! of IT' (54)

o+ = Lang+ V41, } =15 + 1y = T (56)
- S{2M + V41 ) =T + 1y = T (57)
H3.| = TC3;+1, -1 € R (58)
= (4 + 1) = +38 € R &)

Above four expresses show: Formular (55) is just the representation of fermion
h

with one half spin - of matter. Diagram 1 demonstrates the whole formation of

(55) due to Imaginary spin-conjugate ( 7¢'™a9inary g,

Summary — —sImaginary —
') = (m + T0) (54)
L = Ly on+on } (60)

{ L,12'1) e R} = L({0pmmena)2 e ¢y 4+ {0h,T% e C} )
(61)

5 Casimir Operator of Zero Spin Particle with (7Tt® 1) in Complex
Region and Fermion with one half spin i% of Antimatter

First, raising operator 7t (1) and lowering operator TTZ; (2) of group C) and
group d) in Complex Region are given as (62),(63) and (64),(65)

c) T = Ty 5 = T+ +G3 +iV2) 62)
s
= T + %(4‘\/? +i/2)1 (63)

TE:l = TC_,E
5

(3]
e

d) Ty = Ty 5 = N5+ T3 +iV2)ly (64)

2

T, = M 5 = T+ -3 +iV2) (65)

2

[N

[N]
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Group ¢) € T and Group d) € TR T and TR are called real
spin-conjugate each other (7T?®, 7r). Then in the way analogous to Group a) € T
and Group b), the third component and Casimir Operators of zero spin particle with
real spin-conjugate ( 7TR® T ) in Complex region are given as follows

7[3. W3 7. -3 g3 = TE3 +f 4’ = T03;0,0 (66)
> 2 > 2 2 > 2 ’
Tr 6 5 o =10 i |,/3/ Yh2lo (67)
2 > 2 2 > 2
Ty -5 7.+ 2 = TL'3_ 5 = TC3;0,0 (68)
2 > 2 2 2 ’
{0 -1y32 i 3/ W2l (69)

Then, using (TR 1T ), to construct fermion with one half spin i% of
antimatter marked by T1R, which named Real Spin-Conjugate-Composite that
consist of TR and T as below

g _ 1 —Real —
IR = -{m  + 7} (70)
ITR ( ORrR = T R(1) ) satisfies angular momentum commutation rule
— — =
TIR x TIR = IR (71)
Here
— —
T ="N.s 2. -5 &= (72)
Real 2 2 2 2
T =g g, .5 0 (73)
2 2 2 7 2 7 2

Then combine (72) with (73), we have raising operators ITR*, lowering operator
[TR~ and the third component I13.R and Casimir Operator I12.R of ITR (70)

MR = L2 + i3 V20§ = g+ il = m (74)
MR- = Lomg +i2V21, }=mp + i1, = LS (75)
H3.R(l) = T03,0,0 € R (76)
2R = iLGL +ih) = -2 e R (77)

Above four expresses show: Formular (70) is just the representation of fermion
with one half spin i% of antimatter. Diagram 2 demonstrates the whole formation

of (66) due to Real spin-conjugate ( TTRed ).

Summary el
IIR1) = %(TE + 1) (70)
L = L{ on+on } (78)

{4 TI2R1) e R} = L({onmr)2 e C}+ {0nM> € C}) (79
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Two Zero Spin Particles in Complex Region
Compose a Matter Fermion with One Half Spin

m | = %(ﬁ"?gi"izys () 4R e e e (1)
Real Spin Number :

1n e 1 0h + 0% )
Casimir Operator N2'(1) = 24 40 = + (4 + D2

Matter One Half Spin Particle

in Real Region

(1) | +2m2, Lh
I I
I I
I I
I |
- -
Mo, o ;e O O T, i, 8

Zero Spin Particle , Zero Spin Particle

in Complex Region , in Complex Region
Tczﬁ 3 .y 43 :(O+i\/§)|0h2 . Tczﬁ 3 . -JF -3 :(O_iﬁ)lohz
2 2 2 2 2 2 2 2 2 2 2 2

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

Real
DR = 2 (Ros o v o () +Tef 6 2 (1))
2 > 2 2 T2 2> 2 2 2
Imaginary Spin Number :
iLh o L 0 + 0% )
Casimir Operator IM2.R(1) = H(Z) Lo = i1+ + in?
> T2 2
= —=n <0
Zero Spin Particle , Zero Spin Particle
in Complex Region , in Complex Region
7‘52+ﬁ ﬂ.—ﬁ £:(0+i1[3/2 )I()h2 ) Tcz_ﬁ £_+ﬁ £2(0_|,/3/2 )Ioh2
2 22 > 2 2 2 22 2 2 2
7_f+ﬁ VI . -3 7 0h 0h T_[),ﬁ VI .+ 3
2 2 2 2 2 2 2 2

i1, 352, | TR

Antimatter One Half Spin Particle

in Real Region

2 % T

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

IL'(4), +2-h?, 40,

1

'@3), +1 82, 21, | |

T

'), +5m2, 20, N

(T

5 1

(I

- . .
IL'(n) ] Matter Spin Particles Il | Il |

(1), +3 a2,

> —
T bk a(n) |07] T ook a(n)

| | | | | | | ] Antimatter Spin Particles || TI R(n)

el

o U

U
| | i

W

ho—3n, TR

|-

h, —Sn2, TIRQ)

NlN

-

ol
=+
;

—1s 2, TRE)

ol
Ny
3

— 2 p2, TiR@4)

— —
nEb;k,d(n) ) chl,b;k,d(n) :

Zero Spin Particles in Complex Region
Casimir Operators T2 R,y (M) =T% |y, a(n) = (0 £i( — k(b + d)/2) loh?

for T2 Ry q(n) : j—k = Jin+D2—1 = £(J3,J/8,J15,J24,...)
n=1234... b+d=+/n+1)2>=2 = +(J2,J7,J14,J23,...)
for 2| .y a(n) : j—k = £/J(n+1)2=0 = = (J/1,
n=00123... b+rd= Jiot)=1 = +(J0,

Diagram 3

J4,J9,J16,...)
J3,J8,4V15,...)
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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 ﬁ.'(l) with one half spin; and in
the case of real spin-conjugates each other, an antimatter fermion ﬁ.R(l) with one
half spin would be formed.

The details of cases of I1'(n) and TLR(N), n > 2 in Diagram 3, will be
given in the next paper.
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