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LRS Bianchi Type VI inflationary spacetime under the impact of the effective potential V(¢) = e — A¢p, 1> 0,
where ¢ Higgs field is denoted by ¢, has been determined in the current study. It is advised to use the average
scale factor (R3) = B2A = el¢ to get the exact solution. Under certain conditions, the model becomes isotropic
and shear- free. Also, the model does not show singularity at initially. The effective potential's evolution
indicates that the model is consistent with an inflationary scenario in which the universe experiences a rapid
expansion in its early stages. Throughout its development, the model displays anisotropic properties because
the shear to expansion ratio o/6 is nonzero. This study indicates the significance of anisotropic inflationary
models for solving basic cosmological challenges like the flatness and horizon problems. The deceleration
parameter g plays a crucial role in determining whether the universe undergoes accelerated or decelerated
expansion. We have used hubble parameter, expansion scalar and shear scalar to discuss the model's kinematic
and physical behavior. The results underline how crucial inflationary scenarios are for describing the observed
homogeneity and large-scale structure of the current cosmos.
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1. INTRODUCTION

"Inflation" is a word that describes the universe's
incredibly rapid expansion. Firstly, the first-order phase
transitions were studied in order to build the inflationary
Universe scenario. According to Gliner [1], the De Sitter
model with positive energy density should be consistent
with the universe being ruled by vacuum. Later on,
Zeldovich [2] expanded on this concept. According to
Linde's [4] framework for gauge theories, the precise
assessment of phase transitions was comparable to the
current inflationary scenario. Guth [5] initially presented
the fundamental theory of inflation while grappling with
the issue of why monopolies are no longer in existence.
He investigated how an exponential expansion of space is
caused by an unreal vacuum with positive energy.
Cosmological problems such as the Horizon problem,
Isotropy, Homogeneity, and Magnetic Monopole may
have an answer in an inflationary universe scenario.
Cosmologists have to investigate a wide range of
cosmological issues in order to understand the creation of
cosmic structures following the big bang.

A mathematical foundation for examining the
realistic picture of the current universe is offered by the
Bianchi models of cosmology. Specific symmetries and
anisotropies in its metric tensor define the Bianchi Type
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VIo model, which is a subset of the larger Bianchi
classification [3]. The inflationary condition of the
universe was discussed by many authors using different
forms of the scalar field (¢) in general relativity, such as
Benisty et al. [10], Bali and Jain [6], Naidu et al. [8], and
Bali [9]. In general relativity, Bali and Poonia [7] have
studied the Bianchi type Vo inflationary cosmic model.
In order to perform a thorough analysis of the
accelerating behavior of the physical universe, Sharma et
al. [11] have examined the Bianchi type VI inflationary
model in the presence of a flat potential. Maheshwari and
Poonia [12] have studied an expanding cosmos with a flat
potential using a Bianchi-type VIo cosmological model in
general relativity. Singh and Pillai have examined the
stability analysis of anisotropic Bianchi type I
cosmological model [13].

In the present work, we examine a scalar potential for
the investigation of inflationary scenarios in spatially
homogeneous and anisotropic Bianchi Type VIo
spacetime, which is an exponential function of the scalar
field @, that is, V=e"%, 1> 0. We try to explain how an
inflationary situation can arise from taking a
homogeneous and anisotropic metric with exponential
potential, and in a special example, how the model
isotropizes. Understanding the universe's dynamic
behavior, including its expansion, shear, and deceleration
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factors, is possible according to the obtained solutions.
The evolution of the model is examined by deriving
important geometrical and physical parameters,
including the average scale factor, spatial volume,
Hubble parameter, and deceleration parameter.

2. THE FIELDS AND METRIC EQUATIONS

The space-time of Bianchi Type VIo can be defined by
the following equation.

ds? = —dt? + A%dx? + B?e?*dy? + C?e~?*dt> (1)

The dependent functions A, B, and C are dependent
only on time "t."

The scalar field potential V (@) is accompanied by the
gravitational field, which exhibits low coupling with it.

L=1J=g (R-1g"0000-vip))d*x @
Following is the Einstein Field Equation:
1
Rij =5 Rgij = =Ty 3

For a scalar field, the energy momentum tensor Tjj in
the presence of viscosity is given by

Ty = 0,00 — [30,00°¢ +v(9)] g )
With,
o[Va =0 = -5 ®)

For a given metric (1), the Einstein field Eq. (3) yields

N N
SUPFYER TN B
[A s ABs A4B4 344 _L _ _8n[ $2— v(¢)] (8)
[14434 A4C4 B;? _ %] —8r E P2 + v(¢>)] )

bt oo

Additionally, the line-element (1)'s scalar field (5)
equation is provided by

A, B, C av(e)
bract b (G5 +3) = -7 D

3. FIELD EQUATION WITH SOLUTION:
Using Eq. (10)
B =KC (12)
Where K is a constant. Now we take K =1 then
B=cC (13)
Using Eq. (13) in the field equation
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We take the average scale factor (R3 and effective
potential V(¢p) for Bianchi type VIo space-time into

consideration in order to achieve the significant
important results.
V=e",1>0 17
R3 = B2A = ¢
18)
Now using Eqgs. (10), (17), (18) in Eq. (11),
by + ApF = Ae™H? 19)

Eq. (19) can be solved as

ﬁ F2 4 20f% = 20e~¢ (20)

Where ¢4 = £(9)  dus = ', f' = 57
Now Eq. (20) we have
2 =2e 4 [e7249 (21)
Here, integration constant is /. From Eq. (21), we get
e’ =pt?+qt+r (22)

2
Where p="q=a2q r=qi—;,
constant of integration. Using Eq. (22) in (18), we lead to

q; is a

B?A=e* =pt2+qt+r (23)
The following equation gives us

B
2 f = /1(1)4 =

Now using Eqgs. (14), (16), (18), we get

ﬂ 2pt+q (24)

pt2+qt+r

B Ap4B.
Buu y A8y
B B

5 = V() (25)

By t+k
B ptliqt+r (26)

k is an integration constant, and by resolving Eq. (26) we obtain

N

1 —_—
B = D(pt? + qt + 1) (”S—"”)Z”" 27

t+s+n

Using (23) and (27) we get

N

1 (Gmyw (28)

t+s—-n

A=—(pt?+qt+7)

q T .
Where, s=z, n2=sz—;, N=k—-s, D is a

06019-2



INFLATIONARY COSMOLOGICAL MODEL OF BiaNCHI TYPE V...

constant of integration.
N

C== (pt2 +qt + T)Z (ﬂ)% (29)

t+s+n

Hence the metric (1) takes the form

t+s+n
t+s—n

ds? = —dt? + —(pt2+qt+r)( )( )"”dx +

D?(pt? + qt + r) (HS ")"p 2Xdy? + E?(pt? + qt +

) (”S ”)"p “2%4z2  (30)

t+s+n

4. PHYSICAL AND GEOMETRICAL ASPECTS

It is obvious that in the presence of an exponential
potential V, model (30), together with Egs. (27, 28, 29),
represents the Bianchi type VIo metric. Here, we examine
the existence of our model by discussing several dynamical
parameters. Eq. (17) provides the Higgs Field as,

¢ = % log(pt?> + qt +71) (31)

Using Eq. (17) in (22), we get the effective potential as

V(g) = m (32)
The average scale factor R is taken as
1
R=(pt>?+qt+r)3 (33)
And Spatial volume (7) of the model is
T=pt’+qt+r (34)

Using (19), where 6 is the expansion and H is the
Hubble parameter, it can be expressed as

=1 (A p Bt matha
H=3 ( a T2 3pt2Hqt+r (35)
_ _ ﬁ & — 2pt+q
6 =3H = " + 2 B = prrtqiir (36)
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_ 1 (As B\ _ 1 (@p-3)t+(q-3Kk)
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5. CONCLUSION

A scenario of inflation is shown by the rising spatial
volume (7) over time. When the value of time(t) is large,
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decelerating phase. In case deceleration parameter ‘g’
became zero if (2pt+ q)?+ 3q% = 4rp, than all the
galaxies in this situation accelerate at the same speed.
The model also shows that at the initial epoch, the
average Hubble parameter (H), the expansion (6) and the
shear scalar (o) all attain constant values. We also find

out S:# 0 which shows that general anisotropic model.
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dynamic behavior. We discussed the physical behaviors of
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inflationary scenario may solve the flatness problem.
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Indnaniiina kocmosoriuaa moaens Tuny bB'aaki VI 3 ekcnoreHIiaIbHUM MOTEHIIATIOM
R. Mathur, L. Poonia
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VYV mpomy mocimimskeHHi OyJsio BuaHadeHO iHQUAMiMHAA mpocrip-vac LRS Bianchi tumy Vlo min Brmmsom
ederxruBHOTO TOTeHITIANy V() =e— AP, 1>0, ne ¢ mome Xirrca mosHaueHo sk ¢p. Jiasa orpuMaHHS TOYHOTO
PO3B'AI3KYy PEKOMEH]yeThCs BUKOPHCTOBYBATH CepenHiit macinrabuuii koedirieHT(R3) = B2A = eA¢p. 3a meBHUX
YMOB MOJEJIb CTA€ 130TPOIHOKI Ta BIJIBHOW BiX 3cyBy. Taro:k Moesb CIIOUATKY HE JEeMOHCTPYE CHHTYJIIPHOCTI.
EBoumortisi edpexTUBHOrO TOTEHITIANY BKa3ye HaA Te, IO MOJEJHb Y3TOIKYETHCA 3 IHQIIAIIMHUM CIleHADPIEM, B
sikomy BcecBIT 3a3Hae IMBHIKOTO POIMIUPEHHS HA PAHHIX cTagisx. [IpoTArom cBOro po3BUTKY MOJEIb IIPOSIBIISE
aHI30TPOIIHI BJIACTUBOCTI, OCKIHLKY BIIHONIEHHS 3CyBY JI0 PO3IMUpeHHs o/ @ He nopiBHoe Hyo0. [le mocmimrenus
BKA3dye Ha BAKJIUBICTH AHI30TPOIHHMX IHQIAIMINHUX MOJeJed JJis BUPINIEHHS OCHOBHUX KOCMOJIOTITYHUX
mpobiieM, TAKUX SK IIPO0GJIeMHU IJIONIMHHOCTI Ta TOpu30HTY. [lapameTp ymoBiJIBHEHHSI @ BiOirpae BHpIIaJIbHY
pOJIb y BHU3HAUYEHHI TOro, i BcecBiT 3a3Hae MPUCKOPEHOT0 UM YIOBLIBHEHOTO PO3MUpPeHHs. My BUKOPHUCTAIIN
mapamerp Xa00ia, CKaJIAp POSIIMPEHHsS Ta CKaJIAP 3CYBY JJIsd OOTOBOPEHHS KIHEMATHYHOI Ta (isuyHOI
MOBEMIHKU Mojesi. Pe3ynbraTyé MigKpec/iooTh, HACKUIBKYA BAYKJIMBUMHU € IHQJIAIINHI clleHapil JJis Omucy
CITOCTEPEsKYBAHOI OJHOPITHOCTI T BEJIMKOMACIITAOHOI CTPYKTYPH Cy4acHOTO KOCMOCY .

Kmarouosi cmosa: Tun B'aaxi, Excnomemmiansnumit morenmian, HKocmonoriunma wmopmens, Ilome Xirca,
Iadrsaiitiamii ciieHapii.
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