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ABSTRACT 

In the present work we have incorporated the effect of the short-range hard-core repulsive interaction among 

hadrons. This was achieved in a phenomenological model the hadrons are regarded as hard core incompressible 

but deformable bags which cannot penetrate each other thus giving rise to excluded volume. This leads to an 

EOS where thermodynamic quantities  like pressure, energy density, number density, entropy density etc are 

modified, the results obtained in this work are thermodynamically consistent. This is taken into account the EOS 

of hadron gas by assigning the baryon (antibaryon) a hard core volume resulting in finite correction. The effect 

of finite baryon sizes becomes important when considering a very hot and dense gas of hadrons. We found that 

the slight modification in the particle density significantly affected energy density, entropy density and pressure, 

in this work we have taken into account contribution from nucleons,anti-nucleons,pions,kaons,anti-

kaons,cascade,anti-cascade,sigma,anti-sigma,lambda and anti-lambda. 
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I.INTRODUCTION: 

In the study of a phase transition from the hot hadronic gas (HG) to the quark gluon plasma (QGP) it is 

necessary to find the equation of state (EOS) of HG and QGP. Numerous attempts in this direction have been 

made [1-6]. In many of these calculations the QGP is described as an ideal gas of point like quarks and gluons. 

To make these calculations more realistic perturbative QCD corrections have also been applied [6-8] . On the 

other hand in many classical models the HG is described, for simplicity, as consisting of free hadron resonances 

except for a short range hard-core repulsion among baryons. This is taken into account in the EOS of HG by 

assigning the baryons (antibaryon) a hard-core volume resulting in a finite-size correction [9-14]. This results  

an excluded volume effect. The effect of finite baryon sizes becomes important when considering a very hot and 

dense gas of hadrons. In almost all the earlier works the quantities for finite-size particles were obtained in 

terms of the point-particle quantities. Thus the thermo-dynamical parameters there i.e.  and  refer to the 

pointlike particles. The thermodynamic quantities were modified by different multiplicative factors to take into 
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account the hard-core repulsion among hadrons. The modifications in the energy density,pressure density,  

number density and the entropy density are given by the following relations: 

 

Where K is the momentum is the energy and  are the distribution functions for particles and 

antiparticles respectively. 

II.HADRON RESONANCE GAS MODEL 

In this work The HRG Model  has been developed to explain the finite correction in the number 

density,pressure, energy density and entropy density, We study the hadron resonance gas model and describe the 

equation of state of QCD and explain the thermodynamic quantities  in terms of hadronic states. According to 

this mechanism, since the QGP contains light quarks (u,d) which are for more abundant than the light antiquarks 

( , ) hence the emission of Kaons q  from the QGP blob will occur at a much faster rate than those of 

antikaons s. The possibility of separating strange quarks from antistrange quarks in the QGP ↔ HRG 

transition will therefore cause a continuous enrichment of strange quarks in the QGP. Consequently the strange 

quarks in the QGP phase will acquire a chemical potential  different from 0. In the above picture it should 

also be realized that a rapid depletion of antistrangeness from the QGP via K emission will also cause a 
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simultaneous rapid depletion of the baryon content of the QGP which will appear in the hadronic sector of the 

mixed phase. As a result  and  for the hadronic as well as QGP phase will continuously change with time 

during the evolution of the system via a mixed phase and consequently the chemical equilibrium conditions viz. 

 = and  =  will not be satisfied during the transition. Hence it is to be emphasized that this would 

be totally inconsistent with the Gibbs equilibrium conditions for a first order phase transition [20]. Therefore the 

proposed hadronization picture will be far from a true first order quark-hadron phase transition process. 

Furthermore,  [16] in their model have though allowed for the strange chemical potential to evolve 

“continuously” with time during the phase transition, the baryon chemical potential is kept fixed, thereby 

resulting in an internal inconsistency in the light of the above discussion. In the above picture the effect of the 

hyperon production on the strangeness balance condition was ignored during the earlier part of the 

hadronization process. However, this does not seem to be physically justifiable since it is not clear why baryon 

rich QGP (i.e. with large baryon number) should not produce large number of strange as well as non-strange 

baryons continuously right from the onset of the hadronization process. In fact if one allows for a continuous 

hadronization of hyperons as well as Kaons, then it may result in a nearly equal hadronization rate for the s and 

 quarks and the QGP might still maintain =0 and a given value of the quark chemical potential  during 

the transition, thus satisfying the Gibbs equilibrium conditions. As discussed earlier it has been found that for 

point like hadrons a strangeness conserving equilibrium first order quark-hadron phase transition can occur with 

= =0.This work is in agreement with chiral phase transition of strongly interacting systems at non zero 

temperature and baryon chemical potential[17]. 

Results:Fig1 shows the variation of energy density with chemical potential and temperature  these plots shows 

the variation of energy density with hard core radius 0.5,0.6 and 0.8 fm.It clearly shows that the energy density 

decreases with increase in the hard core radius from 0.5 fm to 0.8 fm which is physical result. 

  

Fig 1:Varation of Energy density  with chemical potential(Left Panel) and temperature(Right Panel) at different 

hard core radii. 
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Fig 2 shows the variation of nucleon density with chemical potential and temperature by giving hard core radius 

to the hadrons we see the nucleon density decreases ,here we see as we increase hard core radius from 0.5 fm to 

0.8 fm the nucleon density decreases  for hard core 0.5 fm,0.6 fm and 0.8 fm,which is Physical acceptable.  

            

Fig 2: variation of Nucleon density with chemical potential(Left Panel) and  temperature(Right panel) at 

different hard core radii. 

Fig 3 shows the variation  of pressure density with chemical potential and temperature, it clearly indicates that 

on increasing the hard core size of the hadron  the pressure density decreases which is physically acceptable and 

the values of pressure density using HRG is in the acceptable range, hence the results are in good agreement. 

        

Fig 3:Varation of Pressure with chemical potential(Left Panel) and temperature(Right Panel) at different radii. 
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Fig 4 shows that the phase transition and the trace anomaly shows the same decreasing behaviour as we notice 

for the other thermodynamic quantities hence is physically acceptable. 

 

Fig 4:Phase transition curve(Left panel) and Trace anomaly(Right Panel) . 

 

Fig 5 shows variation of entropy density at different hard core radii, which  clearly shows on increasing hard 

core radius entropy density decreases which is physically acceptable.  

 

Fig 5:Varation of entropy density with temperature at different hard core radii 
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III.CONCLUSION: 

We construct a first order quark-hadron phase transition by employing the Gibbs criteria and determine the 

critical values of  and T at different hard core radius, we also have determined number density, energy 

density,pressure and entropy density. We observe at different  hard core radii 0.5 fm,0.6 fm,0.8 fm and we see 

as we go from 0.5 fm to 0.8 fm hard core radii all the thermodynamic quantities decreases, these are physically 

acceptable results and in this work we also found that the strangeness conservation constraints are crucial and 

may actually hinder the possibility of an equilibrium quark-hadron phase transition as expected in ultra-

relativistic heavy-ion collisions or during the early universe. 
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