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Abstract:An attempt has been made to discuss the classical topic of statistical physics so called the microscopic dynamics and derive 
the equilibrium thermodynamics which describes a macroscopic system. Here, we try to explain the microscopic theory is the term of
quantum chromo-dynamics (QCD), and we want to obtain the thermodynamics of strongly interacting matter. Finally, at this point we
notice that two basic features of what we're about to study - the equilibrium condition and the arbitrarily large volume of the systems in
question - may restrict the applicability of the results to nuclear collisions. 
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1. Introduction 

The primary goal of high-energy heavy ion collisions is to
discover the fundamental forces, symmetries and the 
elementary particles in Nature. On the other hand, Particle 
physics is the science of the fundamental structure of matter, 
which leads to the study of the properties of subatomic 
particles and mechanism of their interactions. Its ultimate 
aim is to find a complete description of the elementary 
constituents of matter and of the forces acting between them. 
The final structure of elementary particle is found to consist 
of quarks for which no structure has been observed for them, 
so they are regarded as the point like particles. These results 
have been obtained by scattering experiments at higher and 
higher energies, as required to achieve information on
smaller and smaller objects. Any isolated single free quarks 
have never been observed experimentally, and therefore it is
conjectured that quarks are confined together with other 
quarks to form hadrons. The strong (color) force field 
between the quarks is intermediated by gluons, and inside the 
hadrons quark-antiquark pairs are formed as quantum 
fluctuations. 

The interest in the study of high-energy nuclear matter has 
increased many folds due to the possibility of studying 
unstable states of nuclear matter under extreme condition of
high energy density and high temperature. Physicists are 
very keen to see its outcomes as they expect that it would 
throw its flashes towards the evolution of the universe and 
deconfined state of freely interacting quarks and gluons 
known as quark-gluon plasma (QGP) [1-5], which is
believed to have existed in the form of QGP for few 
microseconds after the Big Bang. It is also interesting to
study about the strong forces present between the quarks and 
gluons in the hadronic matters. It is believed that shortly 
after the creation of the Big Bang all matters were in a state 
called the QGP. Due to rapid expansion of the universe, this 
plasma went through a phase transition to form large number 
of hadrons like pions, protons and neutrons etc. Such a new 
phase of matter might be produced experimentally in heavy 
ion collisions at ultra-relativistic energies. 

2. Mathematical Descriptions 

The Quantum Chromo-Dynamics (QCD) [6-8] theory 
describes the strong interaction between the hadronic matter 
which predicts a novel phase transition from a confined state 
of quark and gluon to deconfined state, where quarks and 
gluons would be free to move and freely interacting in the 
hadronic matter, which would be at higher energy density. 

The main emphasis of the present research work is to
consider the classical topic of statistical physics, which give 
the microscopic dynamics, and also originate the thermo-
dynamical equilibrium which defines a macroscopic system. 
Here in this case the microscopic theory is known as QCD, 
and we want to acquire the thermo-dynamical system of the 
strongly interacting matter. For this task we noted that there 
are two basic features of what we were studied; the 
equilibrium conditions and the arbitrarily large volume of the 
systems that might be restrict the applicability of the results 
to nuclear collisions. 

The QCD theory assumed that the collisions between the 
colored quark and gluons [9] can be treated by the following 
Lagrangian density equation: 

𝓛  𝚿, 𝚿, 𝐀 =  −
𝟏

𝟒
 𝛛𝛍𝐀𝛎

𝐚 − 𝛛𝛎𝐀𝛍
𝐚 − 𝐠𝐟𝐛 𝐜

𝐚 𝐀𝛍
𝐛𝐀𝛎

𝐜  
𝟐

+  𝚿𝐟

𝐚
(𝐢𝛛 − 𝐠𝛌𝐚𝛌𝛂𝛃

𝐚 )𝚿𝐟
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where; and A represent to the quark and gluon fields, with 
equivalent color indices , , ….. and a, b,…… and “f”
indicates the flavor of quarks (i.e. u, d, s…) and the “g”is the 
dimensionless coupling factor of the theory. The first term on
the right hand side (R.H.S.) of Equation (1) explains the 
interaction of gluons; this interaction is possible - in
contrastto the quantum electrodynamics (QED), where the 
photons do not interact directly - because the gluons also 
carrya color charge. The second term of Equation (1) is for 
the interactions of quarks and gluons, and this is basically the 
same structure as its electromagnetic counterpart. The 
specificfeature of QCD is thus the interaction between gauge 
fields, and one may studypure gauge field thermodynamics 
as a meaningful model of statistical QCD. 
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Further from the Lagrangian density equation (1), now we
build a Hamiltonian “H” that needs to calculate the partition 
function in term of canonical approach, which is given such 
as: 

Z T. V = Tr  e−(H ℒ /T  (2) 

Eqn. (2) is to be allowed for all over physical states of the 
system within a volume V. After that, from the partition 
function we can obtain all thermodynamic quantities, such as
the energy density: 

ε T =  limV→∞{−
1

V
(∂lnZ/ ∂(1/T))V } (3)

And the pressure is: P T =  limV→∞{(∂lnZ/ ∂V)𝑇} (4)

In general the perturbative calculationslead to the usual 
divergences of quantum field theory; hence we have to
renormalize toobtain finite results, and it cover the entire 
possible range of behaviour of the system, from confinement 
to asymptotic freedom, i.e., from nuclear or hadronic matter 
to ideal chromo-plasma. But this is not applicable due to
perturbatively, and we must therefore find a new way to
approach the problem, one more generally applicable than 
the perturbative scheme of quantum electrodynamics (QED). 
Therefore, the only such approach available up to now is the 
lattice regularization proposedby Wilson and H. Satz [10, 11
and references therein]. By evaluating the partition function 
on a large but finite lattice,whose points are separated by
multiples of some lattice spacing “a”, we have (1/a) aslargest 
and 1/(Na) as smallest possible momentum; here Na is the 
linear size ofthe lattice. Hence neither ultraviolet nor infrared 
divergences can occur for finiteN and non-zero “a”[11]. We
are left with two questions, however: how do we actually 
carryout the evaluation, and how can we be sure that 
physical quantities calculated are independentof the lattice? 
As the functional form of the partition function on thelattice 
turns out to be quite similar to what one encounters in the 
evaluation ofspin systems, we can use Monte Carlo 
simulation techniques [11, 12] from statistical physicsto 
calculate the thermodynamic quantities of interest. 
Moreover, the renormalization group theory of statistical 
physics tells us how the lattice spacing “a” and thecoupling 
factor “g” of the Lagrangian equation (1) [11] must be
related, if the results are to be independentof the choice of
lattice. So we do indeed have today what seems to be a 
viableprocedure to evaluate the interesting observables of
statistical QCD - and this iscertainly a major reason for the 
great interest which lattice gauge theory has attractedin 
recent years[11 and references therein]. 

3. Results and Discussions 

Based on above mathematical discussions, we find some 
results for finite lattice temperature QCD in comparisons to
QED. And it is depicted in Table I. In this table, we reported 
the basic features of QED and QCD. From this table one can 
concluded that the transition from hadronic matter and/or 
nuclear matter to a chromo-plasma resembles was such as an
insulator-metal transition and in general it is found in the 
solid state physics [11]. Thus the QCD deconfinement 
appears same as the metal-insulator transition N. F. Mott 
[13]. It occurs because of the Debye screenings of a given 
color charge due to the presence of many other suchcharges 
[14]. 

Table 1: The comparison of QCD and QED  
QCD QED

Color charge Electric charge
Hadrons (color neutral) Atoms / positronium

(electrically neutral)
Hadronic matter

(no color conductivity)
Insulator (no electric

conductivity)
Chromo-plasma

(color conductor) Metal (electric conductor)

We also used another consequence of the solid state physics, 
that the conduction electrons in a metal have an “effective”

mass different from the electron mass in vacuum, as a 
collective effect due to the overall field present in the 
system. In the same way, we suppose that the quarks in the 
plasma (current quarks with approximate mass, mq 0) to
have a different mass than those inside hadrons or hadronic 
matter (constituent quarks with a mass 𝑚𝑞

𝑒𝑓𝑓
200-300 MeV). 

The vanishing of the effective quark mass is related to the 
restoration of the chiral symmetry, which the Lagrangian 
equation (1) has but which is broken for the actual state of
the system at low temperatures. We thus want to study 
deconfinement and chiral symmetry restoration, as well as
the relation of the two phenomena. 

Some interesting results have been observed already by
various workers [15-20], that in the thermo-dynamical
system of the lattice QCD show an important role with 
dynamical fermions with different types of lattice 
formulations. Therefore, in Figure 1-3 we have shown some 
results on such behaviors. In these figures we find a very 
rapid change in the energy density, ε T , with the average 
thermal loop  L as some ration of confinement and in  ΨΨ 
as a measure of chiral symmetry.The unexpected change of
all above quantities takes place at the same value of the 
temperature, which clarify that the deconfinement and chiral 
symmetry restoration and also occur at the same point. 
However, some other inferenceis to be drawn in the present 
investigation that thereis no clear signal for any 
disappearance of the deconfinement transition with 
decreasingquark mass, as it was suggested by other works 
[21, 22].

Figure 1: The energy density of quark-gluon system, with 
fermions, of the order of (82

3) lattice [ref. 10, 11]. 

The chiral order parameter for the quark-gluon system, with 
fermions (canonical) of the lattice order (63

2) has been 

3 4 5 6

2

4

6

8

10

12
 

 

 
/T

4

6/g2

S B

Paper ID: ART20164072 DOI: 10.21275/ART20164072 378



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391 

Volume 6 Issue 1, January 2017 
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY

depicted in Figure 2. These results were found in good 
agreement with the other workers [10, 11]. 

Figure 2: The chiral order parameter for the quark-gluon 
system, with fermions (canonical) of the lattice order (63

2)
[ref. 10, 11]. 

Further, we have plotted the average thermal “Wilson loop”

<WL> and the chiral order parameter  ΨΨ for the quark-
gluon system, with fermions (micro-canonical) of the lattice 
and have been depicted in Figure 3.  

Figure 3: The average thermal “Wilson loop” <WL> and the 
chiral order parameter  ΨΨ for the quark-gluon system, with 
fermions (micro-canonical) of the lattice [ref. 10, 11]. 
We indeed for all experimental applications, to find some 
exact values of the critical temperatures in physical unit for 
the deconfinement and the chiral symmetry restoration. 
However, the QCD only predicts some ratios of the physical 
observables due to no dimensional parameter. Hence we
have to calculate the critical temperature TC and some other 
measured quantity like as m in the lattice units, after that we
find a numerical prophecy of TC/ m. Here the calculations of
hadron masses with dynamical fermions have been done
properly, so far there is no clear evidencethat the 
deconfinement temperature differs significantly from the 
value TC  200 MeV of the pure gluon system. For the 
existence of a quark-gluon chromo-plasma, this would imply 
an energy densityεPLASMA ≳ 2.5 GeV/fm3. 

4. Conclusions and Final Remark 

On behalf of present research work one can concluded the 
followings: 

We expect that the high energy nuclear collisions will make 
possible an experimental analysis of strongly interacting 
matter. On the one hand, this would allow a test of statistical 
QCD; on the other hand, it provides an empirical simulation 
of the state of matter of the early universe. 

In general, understanding of all said results, it is expected to
have philosophical inferences for the “heavy-ion physics”,
which has been addressing high-temperature QCD with 
collisions of heavy-ions so far. At the high collider energies 
the “small reference systems” may also provide testing 
ground of heavy-ion physics [22]. 

The transition from quark-gluon plasma to hadronic matter is
of the first order, i.e., there should be a coexistence regime, 
in which the entropy density changes at constant temperature 
(TC) from its high plasma value to its low hadronic matter 
value, as a consequence of the expansion of the system. 
Since the average transverse momentum 𝑃𝑇

   of the secondary 
charged particles give an indication of their emission 
temperatureand since the multiplicity measures the entropy, 
this leads to a characteristic relation between 𝑃𝑇

   and the 
average particle multiplicities per central rapidity interval. 
The high multiplicity cosmic ray events may show such 
behaviour.  

On the other hand, the quark plasma in its initial stage is also 
in equilibrium with respect to the production of different 
quark species (chemical equilibrium), then the strange quark 
content isdetermined at that point. It was first conjectured 
that this would lead to enhanced strange particle production, 
and the subsequent considerations [17-20] however, it
indicates that expansion effects must be taken into account. 
Furthermore, these studies, combining simultaneous 
experimental measurements of soft and hard observables 
with systematic comparisons to theory, provide the means to
reveal the nature and properties of the produced QGP matter.
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