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ABSTRACT

In this paper, we have investigated the Bianchi type VIpspace-time in presence of perfect fluid distribution
contained with one dimentional cosmic string within the context of f{RT) gravity. The exact
solutionstothenonlineardifferentialfieldequationshavebeenobtainedbyconsideringtheexpansion
scalar@isproportionaltotheshearscalarc,powerlawformofanaveragescalefactorandthe

takabayashi string’s equation of state.The constructed model's kinematical and physical properties have
been examined and graphically presented. Remarkably, the resulting model is similar to the latest obser-
vational data.

Keywords:BianchiTypeVIoSpace-time,PerfectFluid,CloudString,f(R, T)Gravity.

1. INTRODUCTION
The universe is well believed to be undergoing a late-time cosmic acceleration, as shown by many high
redshift supernovae observation [1-3] . This accelerated expansion is supposed to be caused by the fluid
known as dark energy. Recent astronomical observations indicate that 70% of the universe consists of
darkenergywith  negativepressure.Many theoreticalandexperimentaldevelopmentshavebeenmadeto
investigate the mysterious facets of the cosmos. In recent years, a number of prominent researchers have
dedicated their efforts to conceptually understanding these unknown characteristics of the universe by
buildingseveralcosmologicalmodelsbasedongravitytheories.Amongstthese modified gravitytheories
likef(R),f(T),f(R,T),f(G),f(Q)andmanymoreareprovidingsatisfactorysolutionstocosmo-
logicalproblems.Recently,thef(R,T)gravitywasdevelopedbyHarkoetal.[4]asageneralizationof

f (R)gravity. Together with a trace of the energy-momentum tensor T, the theory includes an arbitrary

functionoftheRicciscalarR.Theyhaveacquiredboththetestparticle'sequationofmotionandthegravi-
tationalfieldequationinmetricformalism.Thef(R,T)gravitymodelscouldjustifythelatetimecosmic

accelerated enlargement ofthe universe. Thakre et al. [5] studied behaviour of quark and strange quark
matter for higher dimensional bianchi type-I universe inf (R,T)gravity. Analysis of marder’s space-time
tsallisholographicdarkenergycosmologicalmodelinf(R,T)theoryofgravityinvestigatedbyUgaleet

al. [6] . Kacheru, G. [7] have studied Kaluza-Klein string cosmological model inf(R,T)theory of
gravity.Stringfluidcosmologicalmodelsarenowgeneratingalotofinterest ~ sincethey  arethoughttoplay
anessentialroleintheuniverse'searlyevolutionandlate-timeacceleratedexpansion.Thestringsare
onlyone-dimensionalhypotheticaltopologicaldefectsthatariseduringthephasetransitionfromatem-
perature in the early stages of evolution of the universe. Anisotropy in space-time is caused by strings,
even if they are now undetectable. Many authors have recently conducted extensive research on string
cosmologicalmodelsofthecosmosbecauseofthecrucial rolethat strings playinexplainingtheevolution of the
early stages of our universe. The universe is homogenous and anisotropic, and the isotropy process of
these models can be explored throughout time, according to current observational data that supports
Bianchi type cosmological models. Also, from a theoretical perspective, anisotropic universes are more
general than isotropic model universes. Considering Bianchi type-II, -V, -VIII and -IX space-time, The
letelier string cosmological model in different context to obtain the exact solutions ofthe model studied by
krori et al. [8]. Magnetized Bianchi type III string cosmological model for anti-stiff fluid in general
relativity investigated by Chhajed et al. [9]. Magnetized string cosmology for perfect fluid distribution
using Bianchi type III space-time explain by Bali & Pareek [10]. Katore et al. [11] inspected massivestring-
magnetizedperfectfluiduniverseinthebimetrictheoryofgravitations.Theaccelerating,
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expanding, and anisotropic cosmic model was developed utilising perfect fluid coupled string cosmology
and the Bianchi-type I metric by Chirde et al. [12]. Sahoo and Mishra [13] studied cosmic accelerationmay
result not only due to geometric contribution to the matter but also depends on matter contents of
theuniverseinf(R,T)gravity.TheBianchi-typelmetricwasusedbyGaikwadetal.[14]toanalysethe

massivestringmagnetisedbarotropicperfectfluidcosmologicalmodel.Ranietal.[15]studied
acceleratingBianchitypelllperfectfluidstringcosmologicalmodelwithinthecontextoff(R, T)grav-

ity. Kacheru, G.[16]lookedatthePerfectfluidandheatflowinf(R, T)theory.Balietal.[17]havein-

vestigated massive string magnetized barotropic perfect fluid cosmological model in general relativity
using the Bianchi type I metric. Capozziello et al.[18] investigated (n + 1)-dimensional string-dilaton
cosmologywithaneffectivedilatonpotentialinthepresenceofperfect-fluidmatter.PawarandDabre

[19] studied bulk viscous string cosmological model with constant deceleration parameter in teleparallel
gravity, By adopting a hybrid expansion law, Ram & Chandel [20] investigated the dynamics of a
magnetised string universe. The string of cloud in presence of perfect fluid and decaying vacuum energy
densityAhavebeenanalyzed by Pradhanetal. [21]. Kacheru, G [22]studied bulk viscus dark fluid
inresearchpaperdarkenergyscenarioinMetricf(R)formalism.Mete&Dudhe[23]investigated

Bianchitypelcosmologicalmodel withperfectfluidin modifiedf(T)gravity.Again,inthecontextof

perfectfluids and/orstringfluids, the significantworkconductedby several distinguished researchers [24-
28]

Inthepresentwork,weareinterestedinstudyingBianchitypeVIyspace-timetoconstructthe
takabayashistringcosmologicalmodelforperfectfluiddistributionwithinthecontextoff(R, T)grav-

ity.Thepaperisorganizedasfollows:Sec.2,thebasicconceptsoff(R, T)gravityareintroduced.InSec.

3, we have obtained the corresponding field equations by considering Bianchi type-VI, space-time. In Sec.
4, we discover the non-linear field equations together with solutions and calculated the different physical
and kinematical quantities to study the cosmological implications and presented them graphically. Lastly,
in Sec. 5, we have concluded the investigations.

2. BRIEFREVIEWOFf(R,T)GRAVITY
Thef(R,T)gravitytheoryisthemodificationorgeneralizationofEinstein'sGeneral Theory of

Relativity, WhlchhasbeenproposedbyHarkoetal [4].Theactionforthemodifiedf(R, T)gravityis
S= —gf(R,T)d*x+ Ld*x (1)

ol NI
wheref(R,T)isanarbitraryfunctionoftheRicciscalarR,thetrace Tofthestress-energytensorofthe

matterT;and LyisthematterLagrangiandensity. Thestress-energytensorT;formatterisdefined as

o2 )
= = TR &
_g Sg

and itstracegivenbyT;=g"Tj;.
ByassumingthattheLagrangiandensity Lofmatterdependsonlyonthemetrictensorcomponents g;rather
than its derivative, so equation (2) leads to
T__:gL B a(I-m) 3)

1 m agl i’
ByvaryingtheactionSinequation(1)withrespecttothemetrictensorcomponentsg', thefield
equationsoff(R, T)gravitytheoryareobtainedas

f(R T)R- 1f(R T)g+ (R T)(g[] vv) 8nT— f(R T)T —f(R,T)O, 4)
ij ij T ij
( s .

with ® g'm(6 'm\ whichfollowsfromtherelation 9" Tim +® ,and [=Vviv,

|\ ) |3gﬂ4— Ti i

oFR,T) of(R,T)

f:(R,T)= R fi(R,T)= a—_l_,andViarethecovariantderivatives.Thecontractionof
equation(4)yields
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fr(RT)R+30 (R, T)-2f(R,T)=(8n—F7(R,T ) )T-(R,T)®, (5)
with®= ij@lij.Eliminati{lngfR(R,T)fromequations(4)and(5)weget,
ng,T) R|—ij Rg il + i(R,T)g _J_ =FJ{F’ , (6)

where F:(87t—f(R,T))(T—1Tg\,F:—f(R,T)®+1f(R,T)®g+VVf(R,T).
1 T |ij 3 ij| 2 T ij 3T

Fromequation(2)wehave

. (8q-
;T:H :(| ;'{# GG ||—A 2 ﬁqu}n _129ijT|m- (7)
\ ) 1o
Usingtherelation  Oi__ drowithd"= @isobtainedas
SgT g:/gjclm Im SQT i
O=— _+ - m Ty ®)
i 2T Gilm 29 W

We now consider thematter as perfectfluid and thus the stress-energy tensorof the matterLagrangianis
given by

Ti=(p+p)uiuj—pgij, 9
Wherepandparetherespectiveenergydensityandpressure,u‘:(l,O,O,O)aretheco-moving
coordinatesforfourvelocitiessatisfyingtheconditionsu'u=1,andu'V;ui=0. Using(8)wehave

obtainedtheexpressionforthevariationofstressenergyofperfectfluidas

Oi=—2T;—Pg;j- (10)
Inthispaper,weconsiderthecosmologicalconsequencesofthemodelproposedbyHarkoetal.,as
f(R,T)=R+2f(T), 1y

wheref (T)isanarbitraryfunctionofthetraceofthestress-energytensorofmatter.
CoTbining equations (10) and (11), the field equation (4) off (R, T)gravity leads to
R-'Rg  =8xT+2f(T)T +FL 2pf'(T)+(T) lg. (12)

i3 ij ij ij ij

wheretheoverheadprimedenotesthedifferentiationwithrespecttotheargument.

3. METRICANDFIELDEQUATIONS
WeconsiderBianchitype-VIpmetricas

ds®=dt’>~A2dx’>—B2%e®*dy’~C2%e ?dz?, (13)

wherethescalefactorsA, B,andCarefunctionsofcosmictimetonly.
Theenergy-momentumtensorforstringofcloudswithperfectfluiddistributionisgivenas

Ti=(p+p)uu*pg*—Axx), (14)
inwhichu*denotesafour-velocityvectorandx"denotesaunitspace-likevectorofthecloudstring
satisfying the conditions,u*u,=1=-x"x,andu*"x,=0, forp#vand pisthe properenergydensity of the particle,

p is the isotropic pressure,Ais the strings tension density.
Inaco-movingcoordinatesystem,wehave

=(0001).  x*=(A"000), (15)
Iftheconfigurationofparticledensityisindicatedbypp,thenweassume

p=pp+A. (16)
The energycondition leadstop>0andp,>0,leaving the sign ofAunrestricted.

Weconsiderthefunction  f(T)givenby Harko etal.[4]as
f(T)=uT, (17)
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wherepisaconstant.Intheco-movingcoordinatesystem,weobtainedthefieldequationsforBianchi

type-Vlgspace-timeintheframework off(R,T)gravityas

BC BCLl _ =8n(p-A)+u(3p-31-p), (18)
B C BC A

AC ACTL =8mp-+p(3p-A—p), (19)
A C AC A

A-BABL  —8up+p(3p-r-p), (20)
A'B AB A

ABBCACL  —8rp+u(p-A-3p), (21)
AB BC AC A2

B C

_-' 22
2 (22)

wheretheoverheaddot(.)denotesthederivativewithrespecttocosmictimet.Herewehavefivehighly
non-linear differential field equations with six unknowns, namely;A,B,C, p,A,p. We

find some kinematical space-time quantities, as follows:
TheaveragescalefactoraandthespatialvolumeVarerespectivelydefinedas

a=34BC,  v=a’. (23)

Also,thevolumetricexpansionrateoftheuniverseisdescribedbythegeneralizedmeanHubble’s parameter H

i b
%—IEpHszll(H+H +H), (24)
§i§1 i3 12 3

A : '
inwhichHL =—A ' Hyp - B ands 3 =CEdenotesthe directionalHubble parameters.

Using equations (23) and (24), we have obtained the expansion scalar®, mean anisotropy parameterA,
shear scalarc,.and deceleration parameter q respectively as
A B C

O=—+—+—=3H, (25)
A B C
13(H—H

A= S (26)
LR

czzlﬁé_@zi\ | 27)

g= Zhiudm. (28)
o dldh)

4. SOLUTIONOFFIELDEQUATIONS

Fromequation(22),we get

B=kC (29)
wherexis an integrating constant but without loss of generality we considerk=1.
Nowusingequation(29)andsubtractingequation(18)fromequation(19),weobtain

A B AB B? 2

8n+2puAF——+ — 30
( y A B AB B? A2 GO
Usingequation(29)aRdS%b.tri,CBtingBe%uation(Z1)fromequation(ZO),weobtain

8m+2 )=+ — -

Forthedeterministicsolutions,weconsidertheshearscalarGisproportionaltotheexpansionscalar®
whichleadtothefollowinganalyticrelation

A=B", (32)
wherenisaconstant.

Weconsiderthepowerlawformofanaveragescalefactoras

a=apt", (33)
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whereagandmareanarbitraryconstants.
Fromequations(23),(29)and(32)wegetthevalueofmetricpotentialfunctionsas

3n 3
A:(aotm)n+2, B:C:(aotm)n+2. (34)
Usingequation[34)iglrﬁequation[13),w%get
dszzdtz—(aot”‘)ﬂ+2dx2—(aotm)n+2(e2"dy2+e‘2xdzz), (35)

The spatial volume V, the mean Hubble's parameter H, the expansion scalar®, the mean anisotropy pa-
rameter A, the shear scalarc,and the deceleration parameter q are obtained as

v=a’g™, (36)
m
H= v (37)
3m
o= — (38)
2
2(n-1)
A=, (39)
(n+2)2
p 3m2(n—1)2
t2(n+2)2
1
=1+ . _ (41)
m
TheRatio )
& 1(n-1)
_ 42
©7 3(n+2)’ (42)
16+
14
124
104
84 Mean Hubble's Parameter
Expansion Scalar
54
44
2
D_I T T T T T
0 2 4 6 8 10

Figurel.ThevariationofH&®versustformM=1.5

From equation (36), it is observed that the volume is an power function of cosmic time that is ultimately

zero in the begining but as time increases the volume increases continously and diverges at infinite time
indicating the expansion of universe. The parameters discussed in equations (37) & (38) i.e. Hubble’s

parameter and expansion scalar whose graphical behaviour has been dipicted in Figure 1 has theinfinitely
large value in the begining but as time increases both the parameters drastically declines and dissapearse

at infinite time. It indicates that the rate of expansion of the universe ishigh in the begining
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butwithtimeitslowsdown.Wearewellknownwiththefactthatthedecelerationparameter symbolizes
theinflationfor  <0,deflationfor >0 andconstantrateexpansionfor 0=0.Theequation(41)

demonstrates the value of the deceleration parameter whose graphical behaviour with m has been
discussed in Figure 2, in which when0<m<1 we have observed the deflation phase, form=1 constant rate
evolutionofuniverse whileforthe restvalues ofmweobservedtheinflationarycosmic accelerating phase.
Furthermore, the mean anisotropy parameter and the ratio in equation (42) shows that the discussed
model doesn’t approach isotropy except for n =1.

Figure2.Thevariationofgversusm

Fromequation(3 0),wehaveobtainedthete&siondensity as

3m(3m-1)(n-1)-26(n+2) (adt") o
= (43)
(8m+2u)(n+2)t?
0.4+
0.3
A

0.2+
0.1+

D_

§ 3 3 : : 10

Figure3.Thevariation of?wersustform:l.S,u:O.?,n:2,a0:2.2
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A positive value of string tension density shows the existence of the universe's string phase, whereas a
negative value ofAsuggests the disappearance of the universe's string phase, meaning that the universe is
dominated by thecosmological constant [29]. Figure 3 presents thegraphical representationof tension
densityversus time.From figure it is beenobserved that the tension density initiallyis a super-increasing
function from negative to positive until 0.6, after which it immediately drops and gradually diminishes
and vanishes. It demonstrates that the cosmos is first dominated by the cosmological constant for a short
period of time before entering the string phase.
NowweconsidertheTakabayashiequationofstateforthestringcloudmodel as

p=(1+o)A. (44)
wheremisconstantsuchthatw>0.

Thentheenergydensityisobtainedas

(1+0) gm(Sm—l)(n_l)_th(n +2)( aotm) _%|

I |
: ' 45
p (8n+2 H)(n+2)t2 45)

¥

Figure4.Thevariation ofpVs.tform=1.5,u=0.7,n=2,»=0.5,a,=2.2

The graphical representation of energy density versus time has been demonstrated in Figure 4, in whichit
has been observed that the energy density rises immediately from negative to positive in the initial phase
of evolution, but thereafter declines immediately, diminishes and vanishes.
Fromequation(31)usingequation(45)thepressureisobtainedas

_ 2t2(n+2)2(1+oa)(atm) o _iLBer(n+2)(n—l)(3m—l)oa+6m(n—l)+2(n+2)—|J

(8m+2u)(n+2)

Figure 5 shows the graphical representation of pressure versus time. It can be seen that pressure was
positive for a brief period of time at first, but that it quickly decreased from positive to negative until it
reached a certain extent, after which it rise in negative and disappeared.

(46)
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Figure5.Thevariation ofpversustform=1.5,u=0.7,n=2,0=0.5,a,=2.2

5. CONCLUSIONS

Along thepaper, theBianchi type-VIpspace-timeinpresenceof string of clouds coupled with perfect fluid
distributionhavebeenstudied the context off(R,T)gravity. In order to derive exact solutions for the
highlynon-lineardifferentialfieldequations,wehavetakenintoconsiderationthefactthattheshear
scalarcisproportionaltotheexpansionscalar®,thepower lawformof anaverage scalefactorandthe
Takabayashiequationofstateforthestringcloudmodel.

Theconstructed model is free from an initial singularityand anisotropic except forn=1. Furthermore, it is
observed that the model is in decelerating phase forO0<m<1,form=1 it is in constant rate evolution and
having inflationary cosmic accelerating phase for the rest values ofm.

From the observations of tension density, the deriverd model is first dominated by the cosmological
constant for a short period of time but then enters in string phase. Additionally it has been observed that
the energy density rises immediately from negative to positive in the initial phase of evolution, but
thereafter declines immediately, diminishes, and vanishes. However the pressure was positive for a brief
period of time at first, but that it quickly decreased from positive to negative until it reached a certain
extent, after which it rise in negative and disappeared.
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