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                     Abstract 
 The focus of our study is on the Bianchi-type   VI

0
     infl ationary universe and how it behaves when a massless scalar fi eld with a 

fl at potential is present. Our goal is to identify an infl ationary solution, which we achieved by identifying a fl at region where 

the potential V remains constant. We have thoroughly examined the infl ationary scenario of this model. 
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0
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      Introduction 

 Cosmology is an active and rapidly evolving field of 

research, with on-going eff orts to improve our understand-

ing of the universe and its properties .  Cosmology is a fi eld of 

astronomy that focuses on investigating the entire structure, 

origin, evolution, and ultimate destiny of the universe. Its 

primary objective is to comprehend the fundamental physi-

cal principles that govern the universe’s behaviour on a large 

scale, from its inception to the present day and beyond. Cos-

mologists use a variety of observational and theoretical tools 

to study the universe. 

 Infl ation is a concept that describes the rapid exponential 

expansion that occurred during the early stages of the uni-

verse’s evolution. This phenomenon is considered to be one 

of the best mechanisms for explaining the fl at, homogene-

ous, and isotropic nature of the present-day universe. The 

idea of infl ation has gained signifi cant support due to its 

ability to explain many of the observed features of the uni-

verse, such as the nearly uniform temperature of the cosmic 

microwave background radiation. (Starobinsky  1980 ; Guth 

 1981 ; Linde  1982 ). 

 The Bianchi-type   VI
0
     is an important cosmological model 

that has been extensively studied in the fi eld of cosmology. 

It is a useful model for understanding the behaviour of mat-

ter and radiation in an anisotropic space, and for studying 

the large-scale structure and evolution of the universe. The 

properties of the Bianchi-type   VI
0
     universe have been inves-

tigated using various methods. Bianchi-type   VI
0
     space–time 

is an area of signifi cant interest in the study of cosmology, 

as it represents a simple generalisation of Bianchi type-

I space–time. According to (Barrow and Turner  1981 ), 

Bianchi-type   VI
0
     cosmological models off er a more eff ec-

tive explanation for certain cosmological problems, such as 

the abundance of helium in the universe. Additionally, it has 

been suggested that these models can be isotropies under 

certain conditions. Given the signifi cance of Bianchi-type 

  VI
0
     cosmological models, many authors have conducted 

investigations into their properties and applications in 

diff erent contexts viz. (Roy and Singh  1983 ; Tikekar and 

Patel  1994 ; Bali et al.  2008 ; Ram and Singh  1993 , Tiwari 

and Agrawal  2016 , Pradhan  2013 , Bali and Kumari  2017 , 

Kumawat and Poonia  2023 ) who have all explored various 

aspects of these models in their research. 

 In this research paper, we explore the Bianchi-type   VI
0
     

universe with fl at potential. We have thoroughly examined 

the infl ationary scenario of this model and the Geometrical 

and physical aspects of the model are discussed. 
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    The metric and fi eld equation 

 The Bianchi type   VI
0
     is being considered in the following

      

where only cosmic time t is a function of A, B, and C

       

 The Einstein fi eld equations given by

       

 With

       

 Here the commoving coordinate are taken

        

 And

       

 Now Einstein’s fi eld Eq. ( 3 ) with (4) for the metric (1) in a 

co-moving coordinate system is

      

      

      

      

       

 And the following equation describes the scalar fi eld (6) for 

the line element (1)

       

 The spatial volume for the model (1) is given by
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 Also, Hubble’s parameter ( H ) and deceleration parameter 

( q ) as

       

 The expansion scalar ( θ ) is given by

       

 The shear scalar ( σ ) is given by

       

 And deceleration parameter ( q ) as

       

    Solutions of the fi eld equations 

 From Eq. ( 10 )

       

  K  is constant and taking  K  = 1

       

  V  (   𝜙     ) is assumed to be constant for the fl at region. 

 From Eq. ( 11 )

       

 The relationship between metric potentials is determined 

by this condition.

       

 Using Eq. ( 20 ) in Eq. ( 6 – 9 ) is
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where   L =
n(n−1)

n+1
     and   k

2
≠ 0     and   k

3
     are constant. 

 From Eq. ( 20 )

       

 Metric (1) reduce to

       

 Using the transformation. 

   k
2
t + k

3
= T      , x = X, y = Y, z = Z. 

    Geometrical and physical aspects 
of the model 

 The rate of Higgs fi elds ( ϕ ) is given by Eq. ( 19 ) as

       

 The proper volume is given by Eq. ( 12 ) as

       

 The Hubble’s parameter  H  is given by Eq. ( 13 )

       

 The expansion scalar θ is given by Eq. ( 14 )

       

 The shear scalar σ is given by Eq. ( 15 )

       

 And

       

 The deceleration parameter q is given by (16)
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  Case : 
 Taking  n  = 2 and   k

2
= 1     thus   L =

2
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 See Figs.  1 ,  2 ,  3  and  4 .                                
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  Fig. 1       The plot of proper volume  V  vs.  T    
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    Conclusions 

 The spatial volume increases with time, and for large values 

of  T , it becomes infi nite.  θ ,   𝜎     and  H  decrees with cosmic 

time  T . The model is rotational and non-shearing as the 

universe expands. Anisotropy is preserved throughout time 

because   
𝜎

𝜃
≠ 0     . The model does not approach isotropy. 
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  Fig. 2       The plot of Hubble parameter  H  vs.  T    

  Fig. 3       The expansion scalar  θ  vs.  T    

  Fig. 4       The shear scalar  σ  vs.  T    
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