Available online at http://www.journalijdr.com

IJDR

International Journal of Development Research
Vol. 09, Issue, 07, pp. 28881-28892, July, 2019

RESEARCH ARTICLE OPEN ACCESS

STATISTICAL QUANTUM MECHANICS WITH THE GROUP SU (3), WITH ANTIPERIODIC
BOUNDARY CONDITIONS DEPENDING ON THE CREATION AND ANNIHILATION
OPERATORS AT Tz0

*PDr. Salman Al- chatouri

Associate prof.- Department of Physics - Faculty of Science - Tishreen University - Latakia - Syria

ARTICLE INFO ABSTRACT

Article History: In this research we introduce creation and annihilation operators in relation with the
Received 12" April, 2019 pure homogenous gauge field( global) and impulse operators. Calculate massless quarks
Re{ﬁelved in revised form contributions to the time evolution for the ensemble average of the square of the global
19" May, 2019 .

Accepted 17" June, 2019 operator, and of the square of the impulse operator as well as the average of the global
Published online 31° July, 2019 operator. Investigate the phase transition and the critical temperature T, as well as the

duration of this transition.
Key Words:

Real time in non- Equilibrium,
Phase transition to quark-gluon-plasma,
Non- equilibrium in the quantum field theory.

Copyright © 2019, Dr. Salman Al- chatouri, This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Citation: Dr. Salman Al- chatouri. 2019. “Statistical quantum mechanics with the group su (3), with antiperiodic boundary conditions depending on the
creation and annihilation operators at T#0”, International Journal of Development Research, 09, (07), 28881-28892.

INTRODUCTION

Treating the problems of non-equilibrium is very important [16-1]. There are currently two common methods for treating the
problems of non-equilibrium of statistical quantum mechanics:

Method 1: This method depends on the Heisenberg representation in quantum mechanics where the operators are dependent on
time. The issues of imbalance are addressed either by the dependent of Green function, or Wigner method (Semi-
classical publishing).

Method 2: This method depends on the Schrodinger representation in quantum mechanics where the operators are not
dependent on time.

The two methods are equivalent so that we write the time evolution for the ensemble average of any operator in form

<A(z)>=T, pAn(H) |=T.| pt) 4

For example, in the case of the early heating of the early universe (according to a possible inflationist phase) or the description of
the hadrons under limit conditions, we have studied the experimental results of a short transit phase of the quarks and gluons
plasma [17-21]. QCD is the theory of strong interaction. It describes the confinement quarks and gluons at low temperature. The
self-interaction of the gluons causes singular in infrared behavior. This makes the theory more complex than others.
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At high temperatures, quarks and gluons plasma are expected. The phase transition that begins at a critical temperature separates
both phases. In this research we will develop a new numerical mathematical method to describe non-equilibrium in the gauge
theory coupled to massless quarks with the group SU (3) and antiperiodic boundary conditions. The physical background was built
through the process of heating the early universe (initial) and by describing the collision of heavy ions at high energies. We took
the numerical mathematical method developed in [17], [22-29] and [35-47] and based on the method of the background field and
the one loop aproximation which transferred the study from the gauge theory coupled to massless quarks with the group SU(3) and
antiperiodic boundary conditions to study a statistical quantum mechanics with the group SU(3). In turn, we introduce creation
and annihilation operators in relation with the pure homogenous gauge field( global) and impulse operators. We then calculated
the contribution of the quarks to the real time evolution for the ensemble average of the square of the global operator, and of the
square of the impulse operator as well as the average of the global operator and we searched for the critical temperature at which
the phase transition of the quarks and the gluons plasma is done.

RESEARCH METHODOLOGY

"Introduction to our research in words"

We mentioned in the introduction that we took the numerical mathematical method developed in the dissertation [17] and
references [29-22] and [39-35], based on the method of the background field and one loop approximation, which transferred the
study from the gauge theory coupled to massless quarks with the group SU (3) to Study Statistical Quantum Mechanics with the
group SU(3) . Man considers the gauge theory coupled to massless quarks with the group SU(3)on the loop with d=3 directions,
and sets the antiperiodic boundary conditions of the quark field [35]. The formulas are divided into homogeneous and non-
homogeneous formulas.

The Hamilton operator is given by reference [35] as follows:

A A A A A

-1
1 1 a a a a
HW):z(gﬂ(L)Wowffoj 7wl (atn, f)B B+ &

A A 2 A A A A
1 1 abc b c abcd b d
| 4o, +n B’BS | +n S BB B; B
sy mmin 7 w0 ) onsris srmyais:

Thus we transferred the study from the gauge theory coupled to massless quarks with the group SU (3) to Study Statistical
Quantum Mechanics with the group SU(3).

Where n ’ is the number of flavor and 7 r= 3

We take the numerical constants o, , o, fo.f1.f2 fs resulting from the quantization of the quark field and the gauge field :

a, =0.032715643.a, =—-0.451569918., = 0.036936  (2)
£, =—0.1357325644 44, f, = 0.0425440245 , f, = —0.0014692028 634, f, =—-0.0021133973 333 (2")

B =PA =?in (3)
T3
A s the gauge field B, = P4, = % J‘AI, (3)
T3
a abc pb pc \
Fi(B)=s"BB; (3

Where:

L is The length of the ring in all spatial directions.
1,j=1,2,3 are indices to spatial coordinates.

ab,c=12,.............. ,8 are indices to group Generators.

4 symmetric tensor is defined as follows:

Sabcd :3(dabedcde+dacedbde+dadedbce )+2(5ab50d+5ac5bd+5ad5bc) (4)
12 3
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The values of the symmetric factors d*™ and the values of the antisymmetric structure constants f**° are given in terms of the group
generators:

O 1 0 0 —1 0 1 0 0 0 0 1 (4a)
A=1 0 0L#=i 0 O|Lr=l0 -1 ola=|0 0 0]

00 O 0O 0 0 0o 0 O 1 0 0

00 —i 000 00 O 1 0 O
=0 0 0 A=|{0 0 1 ,A/={0 0 —z,ﬂ“:%O 1 0

i 0 0 010 0 i O 00 -2

And satisfy the following relationships:
1 A A A
abc a qb c
=T ||AA | 4

4 4i " ﬂ } J

fadefbde 235ab

dabc =1Tr[|:ﬂa,/1b:| /ICJ
4 +
d" =d" =d“"=.....

dadedbde :éé‘ab

coupling The Constant is given:

g72(L) = —2by log(A, s L) + 21081721060msL)] )

2bg?

1 11 2
by = W(7 N-Zn ) Ams= 741705 MeV

14 10

by = ! (—N2+—Nn +(N2—1)n—f) N=3
(4m)2\ 3 37 N’

RESULTS AND DISCUSSION

The harmonic part of the Hamiltonian operator is:

AN A AN A

s 301 1 . -1
o= St g aisian, 5

5 8 311 - 1 ~
He/](l) = ; ; an ﬂ'l-a ﬂ'l-a +5 al Bl.a Bl.a (6)
Where:
-1
(7 a, =2a, + nffl) 0;0 =|——+a,+n,f,
g L

We define the creation and annihilation operators as follows:
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So we have:

D! ,Df} = 5175@ (10)

=
§°>
|
St
N
(=}
K
M
=
iSY
+
=
\S]
Ne—
—_
&

§’>
Il
>+
S
[=]
K.
=
>
+
o
6)
N
—
(98]
N

Where

N = D;“ D! (14)

N-3 a5

We have:

bf AR N X R LS

b} L S I LS TS ST
NY|ooomle . =allonl ) (17)
bi“|...0..);0 , ]\}l.“|...0-..).:0 (18)

And shall be:
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(19)

(b‘a D«] 20)

A

1 S Py
Hepy = Hfff() 4[m+az+nffzj22222 beibB; ’

W3NS ¥Y Y s BYBY B B

4 Ofl
%)
n* n ~* n 8 8 8 8 3 3 3 3 2
(D,.”JFD,.”J(D;JFD;'J[D + D! J(D‘+D J+nff4 Z Z Z Z Z ) Z [sete
a= =1 = =1 i= Jj=1 k=1 =1 al
4—
Qy

(D;’ + D} ](D;# DY J[D,f+ D¢ ](D/ +D/ H.(zl)

After the execution of the sentences we find that:

A

S P R ] ERURS op o

a=1 =1 a b=l =l =l Jj=1 al
4—
xy
[D;’ DS D! D¢+D} D¢ D! Di+D; D¢ D! Di+ D! D¢ D} D+ D! D$ D} D+ D; D D} D +

At A A At At A A A A At At At A At At A A At A At A At A A

D! DS D! DS+ D} D; D! Di+ D} D¢ D} D¢+ D; D¢ D} D¢+ D! DS D! DS+ D, D; D] D+

D! DS D! DS+ D} DS D} D$+ D} D D} D¢+ D! DS D} D;’j

8 8 8 8 3 3 3 3 h2 bed n* A*b /\*‘ A"d
NEOIDIDIDIDHIDID M S“( D¢ D! Di D'+
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AT At At A + AT AT AT AT A A AT AT AT AT A AT AT A AT

Df D’ D; D'+ D;" D} D D'+ D; D} D; D'+ D{ D} D; D+ D D’ D; D{'+ D;" D} D; D'

at A A A nt At nt At at A At At at A A A A at At

+ D! D! D; D'+ D{ D} D; D'+ D{ D} D; D'+ D{ D} D; D'+ D{ D} D; D'+ D/ D} D; D'

A A At A A A A AT A A A A

+ D! D D D+ D! D DS D+ D D’ D D} (22)

We calculate the time evolution of the ensemble average of magnetic energy in Schrodinger's representation:

a=l =l

>y (1;5‘ I;i“J(t) ~7) ple) 3 i B’ B!

I =1, O 20, (23)

i

We calculate the time evolution of the ensemble average of electric energy in Schrodinger's representation:

>

3
=1 i=

N}
—_
N}
Il
—_
Il
—_

F I =P e e ) 4 T T T+ 2P e (D) (24)

Then we calculate the time evolution of the ensemble average of the homogeneous magnetic field operator(Global) after we
introduce a start impulse on the system to become asymmetrical and then the system has been transferred twice from the
equilibrium, first through the start impulse and secondly through the interactions terms then becomes the Hamiltonian operator:



28887 International Journal of Development Research, Vol. 09, Issue, 07, pp. 28881-28892, July, 2019

Hyn=> >, { a{zr -7 J+Ea13i03ia}
a=1 i=1

And ,O, is a symbol for the density operator depended on the new Hamilton operator

3 8 3
> Bl )=T,| p'(0| 2. X B

i=1 =1 i=1

Q
I Moo
-
INY

=§ i T[p(t)BJ

8 3 - 8 3
33 mo)-35y TR e N 25)

a=1 i=1 a=1 i=1

Where the density matrix satisfies the equation:

ddp—Hp pH (26)

And therefore:

We can calculate the time evolution of the ensemble average in Equations (23),(24) and (25) numerically by the iterative solution
of Equation (27).

That is why we calculate H 0l @ from equation (22). We find:

LHngmg = (ni[LH|mf) = h@od, [Za 1 Ziey M Sngmg + 12] T (z(L)+“z +"ffz)

E E E E E (fabc)Z [[\/m +1\/m +2\/m +3\/m + 4 5nam +a 5,’1. sac sab
a=1 Lap=1 Lc=1 j=1 )
3
i TIEH L Bypnges 81y 8% 8%+ (o DRME 2 ,0,007 815 5°0

3
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+ md mE—1(nf = 2) Spama_y 8y 89 8% +ml +1/m? +2 (mf +3) 8,004, 8;; 5% 5%
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+
+
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-
(5)

|+ Tyme + 2,/mf + 3% + 46,8 e sq Sim Oic 6;;5946%6% +

m@me + 1mT + 26,0 masy Sim  Sim Sixc 8,;6°459°5% +

(M + 12T F 26,0 a4y S 61591896 D 4+ mI(ME = 1) Spapms S O 6,;5945959 +

n;,
3

JMT+1(mf + 2)28,8 1045 Sim i 61,j0° 6% + (M{)?8pa e By Oy 85694896 +

(M) (M +1) Spapma  Oiym Oic 8;;6%6°6 +

JmIJmE =1 (nf —2) 8,0,ma_5 8im Sixe 8;;6°459E% +

ymi +1ymi +2 (mf +3) 8pamas; Sim ik 8;,;6%06%°6% +
mE(mf + 1)8,a e 8im Sik 6;,;694596P + (M + 1)28,8 1 Gym S ;6945959 +

JmE(mf — 1)35,1?,,,1?_2 Sim Oy 6,;0°189°6Y + (M + 1) (M + 2)8,0 1na Sym O 8,666 +
JmEJmE—=1(m + 1)8pa ma_y 8ym Sy 6,;6%45%5P +

(M2 (M — 1)8 8y Oy Sy 8,;6°469€5%
T = 1M = 2T = 38,0 oy Sim S 81,;6°46%590 | (28)

Now we calculate O , , :
ni ’mi

8 8 8 8 3 3 3 3 bed
+nf, Dam1 Dh=1 Die=1- Dade1 Diiet- j=1'2k=1' m=1 5.

Yo,

pmf> = [dB!dB/" (n! m) (29)

<an )
1

Since the

B ><Bf

B;“><B;“

0
e_ﬁHe.ﬁ
P= 0
7| e el

We have as [17] and [34]:

<B,“ eiﬂH‘?ﬁ' B,’“>: il — exp ki (B,‘Z + B¢ ) tanh LA G
2 zh sinh (hﬂalaoﬁ) 4n 2
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+ (B - B!") coth h 12 0/
) 8
*ﬂ[rlgff“ " 1
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R,

1

[;‘B;“>= {Zsinh (;h a]o[uﬁ” %o

2 h sinh (h a, a"oﬂ)

i i

— 2 1B/ +B!") ta ANG Fo 2 +\Bf-B!“) coth | ——
( )z oh hNoa, o, p ( )2 o, o, p

As both of the
<nia B >and<Bi’”

That is:

A

mé > are special functions for harmonic oscillator #J,
; .

<n."
1

B/ Y=¥, (B )=N H

Where :

N

(32)

HZI)
Hz,"n
= (a), x" ax ala+1)x
Fla;c;x)= f— =l =+ 35
Flaex)=3, o), v et e 2 (35)

We replace (30) and (31) in (29) and the collection of the accounts ,we find:

i

. .3
2l S eat . hoj gty B 2
{:ﬂ.:- |_|':||m= ::' = [zslﬂ-h( 2 )] |:5inh|:f‘q"liu&15:':|

| 1 (E_ﬁq-auaisnf) (36)

-\,‘|1+Eurhl:ﬁq'ﬁuﬁi,3:'

and is the density matrix in case ﬂl“ = ml“
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In case ny # m; the density matrix is zero.
Conclusions and recommendations

1- We calculated the contribution of massless quarks to the time evolution of the ensemble average of magnetic energy

- in
Z [ﬂ_i{z ”iaJ(t)
i=1

1 i=

Mo
Mo

( - j (23) and to the time evolution of the ensemble average of electrical energy
BB |()

a=1 i=1 a

the relationship (24) in terms of p (i)
n._,

m ’
2. We calculated the contribution of massless quarks to the time evolution of the ensemble average of the magnetic field operator

In terms ofp UCO I
- nf ,mf
< Bia(t)>

3. The differential equation (27) can be solved numerically with the iterative solution after we calculate H 0 3 L. .
n. ,m

i > i

(o )>

> Of the relations (23) and (24) Thus, a curved graph represents the contribution of massless quarks to both the

Mo
Mo

i

1

and

Mo
Mo

a i

.And thus we get p;i)ma Numerically this enables the numerical values to be represented <

3 3 - -
>3 [;r/.“ 7[/.”]([)
a=1 i=1

time evolution of the ensemble averages

Me
Mo

1

4. It has been possible to study the change in evolution of both o and o
<23; 23; B! B,.“](t)> [ﬂ';l z) J(t)

temperatures and deduce T, through this change. The time of the quark and gluon plasma phase can be deduced by observing
evolution change for the same temperature T, after a very short time.

> at different

5. The results (3) and (4) are also valid for L
<Z Y Bl
a=1 i=1

> in relationship (25) after replacing the two results

) rCt)

P o e with P, a inequation (27).

i
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