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Abstract 

In this paper, we study the Polytropic Gas Dark Energy model and New Agegraphic Dark 

Energy model in the flat Friedmann Robertson Walker (FRW) Universe and establish a 

correspondence between them for the scalar fields. This correspondence allows 

reconstructing the potential of the Polytropic Gas scalar fields and dynamics of the scalar 

fields according to the evolutions of the New Agegraphic Dark Energy, which describes the 

accelerated expansion of the Universe. 
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1.   Introduction 

A number of cosmological experiments and observational data confirm that our Universe 

is expanding with acceleration, and new energy with negative pressure, called dark energy 

(DE) is responsible for this expansion [1-9]. The nature of the DE is still unknown though 

a number of candidates have been proposed by the researchers in this field. About 70 % of 

the present energy of the Universe is considered DE. The cosmological constant is the 

earliest and simplest candidate for dark energy. But the cosmological constant has two 

difficulties, namely “fine-tuning” and “cosmic coincidence” problems [10,11]. For that 

reason, many alternative dark energy models such as the quintessence [12,13], phantom 

[14-16], K-essence [17-19], tachyon [20-22], dilaton [23-25], etc. have been proposed by 

the researchers. But all of these models are not highly acceptable. Some dark energy 

models are based on fundamental principles and laws. The Agegraphic models are such 

kind of dark energy models. The Agegraphic dark energy model is based on the 

Karolyhazy relation [26] 

      

 

  
 

    (1) 

Where   is a dimensionless constant and       
 

  
  with       and    being the 

reduced Planck time, length and mass, respectively. There are two types of Agegraphic 
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models: Original Agegraphic Dark Energy (OADE) and New Agegraphic Dark Energy 

(NADE) models. The OADE model is proposed by R. G. Cai to explain the accelerated 

expansion of the Universe based on the uncertainty relation of quantum mechanics and the 

gravitational effect in general relativity. But the OADE model has some difficulties. 

Because it cannot justify the matter-dominated era [27]. This motivated H. Wei and R. G. 

Cai [28] to propose the NADE model, where the time scale is chosen to be the conformal 

time instead of the age of the Universe.  

 In this paper, we will focus on the New Agegraphic Dark Energy model and 

Polytropic Dark Energy models in the flat FRW Universe. Since the present Universe is 

homogeneous and isotropic as per the cosmological principle and the Friedmann 

Robertson Walker (FRW) metric satisfies the cosmological principle, so our Universe is 

FRW Universe. Also, many cosmologists indicate that the present Universe will expand 

forever, but the rate of expansion gradually tends to zero after an infinite amount of time. 

This is the condition for a zero curvature Universe or flat Universe. Moreover, Ahmed and 

Alamri found that the flat FRW Universe is stable [29]. Therefore, our model is 

considered for the flat FRW Universe. This paper is organized as follows. In section 2, we 

study the Polytropic Gas Dark Energy model. In section 3, we investigate the NADE in 

the flat FRW Universe. In section 4, we establish a correspondence between the NADE 

and the Polytropic Gas model of DE and reconstruct the potential and the dynamics for 

the scalar field of the Polytropic model, which describe an accelerated expansion 

Universe. Finally, in section 5, conclusions are given.     

 

2. Polytropic Gas Dark Energy Model 

 

The equation of state (EOS) of the Polytropic Gas [30,31] is given by  

      
  

 

  (2) 

Where          and   are the pressure, energy density, Polytropic constant, and 

Polytropic index, respectively. 

The conservation equation for the dark energy in the FRW Universe is given by 

 ̇    (     )    (3) 

Where   the Hubble parameter and overhead dot is denoting the differentiation with 

respect to the cosmological time 

Using the EOS (2) into the conservation eq. (3) and integrating we get 

   [  
 
 ⁄   ]

  

 (4) 

Where   is a positive integration constant and   ( ) is a time scale factor of the Universe. 

The corresponding pressure takes the following form 

    [  
 
 ⁄   ]

    

 (5)                                                                                       

Using eqs. (3) and (4), the EOS parameter for the Polytropic Gas Dark Energy model is 

obtained as 
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 ⁄

  
 
 ⁄   

 (6) 

When      
 
 ⁄  , from (5), we see that        which corresponds to a Universe 

dominated by phantom field. The phantom field lead to the accelerated expansion of the 

Universe 

The pressure and energy density for the scalar field   are given by 

   
 

 
 ̇   ( ) (7) 

   
 

 
 ̇   ( ) (8)   

From the eqs. (3), (4), (7) and (8), we get the scalar potential and the kinetic energy terms 

for the Polytropic Gas as 

 ( )  
 

 
 
 
 ⁄   

(  
 
 ⁄   )

    (9) 

 ̇  
  

 
 ⁄

(  
 
 ⁄   )

    (10)  

When      
 
 ⁄ , then from (10), we see that  ̇     and it indicates that the scalar 

field   is a phantom field. 

 

3. New Agegraphic Dark Energy Model in the Flat FRW Universe 

 

The energy density of the New Agegraphic Dark Energy for a flat Universe is given by 

[32] 

   
     

 

  
   (11) 

Here     (   )
 
 

  ,   is a numerical parameter and   is considered as the conformal 

age of the Universe defined by  

  ∫
  

 
 ∫

  

   
 (12) 

Here   is the scale factor of the Universe,   
 ̇

 
 is the Hubble parameter and the dot 

denotes the derivatives with respect to cosmic time.  

The corresponding fractional energy density is  

   
  

   
  , where        

     is the critical energy density of the Universe. So, from 

the eq. (11), we have 

      
        (13) 

   
  

    
   (14) 

and  

  
 

 √  
   (15)  
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It gives the conformal time of the Universe in terms of the fractional energy density of 

dark energy. 

Differentiating (11) with respect to cosmic time and using   ̇  
 

 
 , in (15) we get 

  ̇    
  √  

  
     (16) 

From the eq. (16) and (3), we can find the equation of state (EoS) parameter of the New 

Agegraphic Dark Energy as follows 

      
 

  

√  

 
   (17) 

When     and      then       in the late time. At present, i.e., if      , 

     then       for     and        for     

 

4. Correspondence between the Polytropic Gas and New Agegraphic Dark Energy 

Models 

 

To establish the correspondence between the Polytropic Gas and New Agegraphic Dark 

Energy models for the scalar fields, we compare the New Agegraphic Dark Energy 

density (13) with the Polytropic Gas model density (4) and equate the EoS parameter of 

the New Agegraphic Dark Energy (17) with the EoS parameter of the Polytropic Gas 

model (6). 

Now comparing the eq. (4) and (13), we get 

   
      [  

 
 ⁄   ]

  

   (18) 

and 

    
 

  (   
     )

 
 

    (19) 

Again from the eqs. (6), (17) and (19) 

  (   
     )

 
 

 (   
 √  

   
)    (20) 

Using (20) in (19), we get  

  (   
      

 ) 
 

 (
 √  

   
)  (21) 

Now we reconstruct the scalar potential (9) and the kinetic energy term (10) using the 

equations (20) and (21) in the following forms 

 ̇  (   
   ) (

(  )
 
 

  
)    (22) 

and 

 ( )     
     (  

 √  

   
)   (23) 

The equation (23) is the scalar potential of the Polytropic Gas Dark Energy according to 

the evolution of the New Agegraphic Dark Energy. 
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We can rewrite the eq. (22), using definition  ̇       and changing the time derivative 

to the derivative with respect to       in the following form 

     (
 (  )

 
 

  
)

 

 

   (24)  

Finally, the evolutionary form of a scalar field is obtained as 

 ( )   ( )  ∫   (
 (  )

 
 

  
)

 

 

  
   

 
   (25) 

For the present time, we take     . Thus, the corresponding scalar field of the 

Polytropic Gas Dark Energy model has been reconstructed based on the evolution of the 

New Agegraphic Dark Energy model. This reconstruction indicates that the Universe 

expands with acceleration. 

 

5. Conclusion 

 

In this work, we consider the Polytropic Gas Dark Energy model and New Agegraphic 

Dark Energy model for the flat FRW Universe.  For      
 
 ⁄   , the Polytropic Gas 

model behaves as a phantom-like dark energy model, indicating that the Universe expands 

with acceleration. The New Agegraphic Dark Energy model also almost behaves like a 

cosmological constant when     and dark energy dominated. We have proposed a 

correspondence between the Polytropic Gas Dark Energy model and New Agegraphic 

Dark Energy model for the scalar fields. We reconstruct the potential of the Polytropic 

Gas scalar fields and dynamics of the scalar fields according to the evolutions of the New 

Agegraphic Dark Energy, which describes the accelerated expansion of the Universe. 
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