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Abstract. The solution of the cylindrically symmetric Einstein Rosen universe is investigated and
occupied with generalized ghost pilgrim dark energy and matter. To obtain the exact solutions of
Einstein’s field equations, we discussed the GGPDE model and determined the EoS parameter, Regions
of the model to be identified by the wq—wy plane analysis , Phantom and quintessence phases to be
discussed by state finder, and Stability of the model to be discussed by squared speed of sound. The
physical properties of the model are discussed. The results obtained are to be useful with the current
observations.
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Introduction

The present challenging problem shows that the universe is expanding rapidly. It is big
mystic problem today. Through supernova I, the expansion phenomenon of the universe was
explained by authors (Riess et al. [1]; Permutter et al [2]; Copeland et al. [3]).The Negative
pressure of the universe causes e accelerating expansion of the universes caused Dark Energy The
galactic curved and structure formation of the universe was explained by the absence of pressure,
the dark matter. Several dark energy models have been proposed by many authors which can
be characterized by the equation of parameter w. For fine-tuning there are many cosmological
constants are considered for dark energy like holographic (Cohen et al.[4]; Hooft [5]), Pilgrim
(Wei [6]), k-essence (Armendariz [7]), h-essence (Wei [8]), phantom (Caldwell [9]), quintom (Guo
et al.[10]), quitessence (Ratra e.al., [11]), tachyon (Sen [12]), dilation (Gasperini et al. [13]), and
DBIlessence (Gumjudpai et al. [14]; Martin et al. [15]) etc.

Tt is observed the ordinary ghost Dark energy model only the leading term (i.e., H) has been
deliberated and sub leading term (i.e, H?) is introduced by "Cai et al.[16]" in the ordinary ghost
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dark energy it helps to describing early-stage evolution of the universe and the energy density is
called generalized ghost dark energy density defined as pp = a1H + b1 H 2. The vacuum energy
from the Veneziano ghost field in QCD is obtained as H+O(H?) (Zhitnitsky [17]), it shows
the accelerated expansion of the universe. Several authors (Karami [18]; Malekjani [19];) has
been developed different cosmological parameters like Eos parameter, deceleration, investigated
different, state finder and squared speed of sound, etc. The stability of this type of model has
been investigated by authors ‘Ebrahimi and Sheykhi [20]’. Therefore, the Generalized Ghost

Pilgrim Dark Energy(GGPDE) is defined as (Sharif and Nazir [21]) pp = (a1 H + O(QHQ)ﬁ.

Vijayashanti et al. [22] studied bianchi type GGPDE and Anisotropic GGPDED respectively.
Tazmin|23| studied GGPDE with Sign-Changeable Integration. Sharif et at|24] developed GG-
PDE in {(R,T) gravity. Prianka et al. [25] studied GGPDE in Saez-Ballester theory. Wajihajavad
et al. [26] studied Interacting GGDE anisotropic scalar field models. Bharali et al. [27] studied
dynamics of GGPDE. By the motivation of all the above study of researchers, we studied in
this reach article ‘cylindrically symmetric GGPDE’. The physical and general properties are also
discussed.

1. Metric and field equations
The Einstein Rosen metric is in the form
ds?=e(24=28) [dtz—drﬂ —r2e 2By —e?B 22 (1)

where A and B are time dependent only and z' =r, 22 = ¢, 2% = 2z and z* = t.
The field equation is

1 _
Rij — iRgij = —8m (T” + Tij ) . (2)
Since the momentum of energy is conservative
(Tij +Tij ), =0 (3)

Here, R;; is the Ricci tensor, g;; is metric tensor, R is Ricci scalar.
Take 87G = ¢ = 1.
The EMT for DE and DM are given by

T! = diag|[1,0,0,0] p, (4)

T, = diag [pa, —pa,—pa,—pa) = diag [, —wa, —wa, —wa] pa (5)

where p,,,, pg are ED of DM and DE, p, is pressure of DM,
The EoS parameter of DE is defined by

Pd
Wy = — 6
¢ Pd ©)

The ED for dark energy TZ can be reduced to
T = diag[1, —wa, — (Wi + 6) , — (Wi + 6)] pa (7)

Here, § is skewness parameter deviated from wy on y and z axes.
By egs. (1), (4) and (7) The field eq. (2) can reduced to the following equations

(5) - Copeiton .
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A+ (3)2 = (= (wa + ) pa) e2472D) 9)
‘4+(B)2*2(B)::F%wd+5dp@e”A”B> (10)
(B>2 = —(pm + pa) 472D (11)
L. (A) o (12)

By the law of conservation for DM and DE can be reduced as

P+ (A - B) [2+ e(*QAHB)]pm — pat { (A - B) (24 (1 + wy) e(724+28))
+ (wa + 6,) 77228 + (wq + 65) e_QB}pd =0

Here, overhead dot stands for ODE w.r.t t

2. Solution of the filed equations

The filed equations (8)—(12) form is a system of five independent equations with six unknowns
A.B ., p4, pm, wq and d . The system is initially undetermined. So, we can require extra physical
conditions to solve the above equations.

The DM and DE components are

(72A+QB)}

p'm+<A—B) [2+e p =0 (14)

m

Pa = { (A — B) (2 + (14 wq) e(_2A+QB)) + (wa + 8,) 72?8 4 (wg +52) G_QB}Pd (15)

By eq. (12)
A = constant = 9(say) (16)

By Berman (1983) applying the law of variation for the Hubbles parameter with constant decel-
erating parameter.
The average scale factor for Einstein-Rosen metric is

o — (rem—zB)% (17)

The special Volume V is
V=V(-g) =re??F (18)

The mean Hubble’s parameter H is

We considered the relation

where k; and n are non-negative constants.
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The decelerating parameter is q is
1=-" (21)

k1
— , we have

By Eq. (19) and (20) <Z> =H= H
a=kiat™™ (22)
i=k*(1—n)at=2 (23)
Using Egs. (21)—(23), the "q" is reduced to
g=n—1 forn#0, q=—1forn=0. (24)
Using eq. (22), the average scale factor for two conditions obtained as

a= (clt—l—cz)% forn#0 (25)

a=cgeft forn=0 (26)

Where c1, c3 are constants and co is integration constants
The ED of GGDE in terms of pilgrim dark energy is defined by (sharif et al. [28])

pa = (a1 H + O¢2H2)ﬁ (27)

Where § pilgrim dark energy parameter
The state finder pair {r, s}are defined as (Sahni et al. [39])

r—1
3(a-3)
The state finders represent the distance between CDM to DE model. If (r,s)=(1,0) indicate
CDM limit and (r,s)=(1,1) indicate CDM. Also, if r<1 and s>0 represents the region of

quintessence and phantom.
Square speed sound is obtained for this model is

(29)

S =

o Dd
v = — 30
Pd ( )

The stability of background evolution of the model is analyzed based on the sign of Squared
speed sound. The (-)ve and (+)ve sign indicates the model is unstable and stable respectively..
wq — wq Plane analysis :

By Caldwell and Linder(2005) to estimate the nature of the quintessence scalar field DE model.
The model splits into two regions i.e., If wq <0,wy >0 the region of the model is the throwing
region, where as wq <0, wg <0 the region is the freezing region.

Case (i) : Model for n 20 or g # —1

By Eqgs(12), (16), (19) and (25)

B =log <C4(01t + 02)(%3)) (31)

Where ¢4 are constants

- 260 —



Mandala Krishna. .. Cylindrically Symmetric Generalized Ghost Pilgrim Dark. ..

The metric (1) can be reduced to

2
ds’=cy(crt + 02)(%) [e(2v) [dtz—drz] —r2d¢2} — dz

By Eq. (20) and (25)
The Hubble’s parameter,
- kln _ k1
(a) (Clt + 62)

By eqs. (27) and (33) The ED is

B
S k1 +a ( k1 )2
pd = 1(C1t+62) 2 (Clt+02)

By Eq. (11) The MD is

x)

cq(ert + 02)(7

B
Cs k1 N ( ky )2
=— gy —————F ag| ———
o (Clt+02)(2+%) 1(01t+02) 2 (Clt+02)

361
Where Cy = o5 20,2
2ne=vcy

By Eq. (8) and (31) the pressure is

Cs
Pd= —————F"35%
(crt + 62)(2+%)
The EoS parameter is
wg = @ = C5
' p t (2+3) k1 k1 2\ 7
(Cl + 02) ai (c1t4c2) +az (c1t+c2)
. —cC165 (2 + %)
w (3+2) k k 2\ 7 '
(c1t + c2) " <alm + a2 ((6175741‘62)) )

a1k, 200k 2
ClCSﬂ ((Clt+(;2)2 (Clt+(;2)3)

_|_

—B—1

2+3 ?
(et + 62)( %) (al (leim) + aQ((C1th1rc2)) )

The state finder pair { r, s}are defined as

- % <“) _ (- 2723(;1_ n) 3

r
a

S =

r—1  |(1-2n)(1—n)c —n’k
3(¢g—3) n3k13 (n — 3)

2
Square speed sound is obtained for this model is

2 ba _ —cic5 (24 2)

201 Qo k?l 2

& £ cy)BHR) ky g V' (e,
(Cl + 62) a1 (c1t+c2) + aQ((mtJrcz)) ((c1t+02)2 -

- 261 —

(Cl t+02)3

)

(32)

(33)

(36)

(37)



Mandala Krishna. .. Cylindrically Symmetric Generalized Ghost Pilgrim Dark. ..

By Eq. (8)—(10) and (31) we have the Skewness parameter is

5, =0 (42)

and )
5. = 3cics (43)

(2+2) k k 2\”
ne?ﬁ(clt + C2) n <a1 (CltJtl’Cz) + (65 ( (Clt‘:’c2)) )
Case (ii) : Model for n =0 or g = —1

By Egs. (12), (16), (19) and (25)
A = constant = ¢ and

B =cgt +cr (44)
Where cg = %’“ and c7 is integral constants
The metric (1) can be reduced to
d82:e—2(c6t+07) |:6(2U) [dt2—d’f‘2] —T‘Qd’L/JQ} . dZQ (45)
e2v—2(cet+cr)
By Eqgs.(20) and (25)
The Hubble’s parameter
H=k (46)
By Egs. (27) and (46) The ED is
o\ B
Pd = (Oélkl + ag(kl) ) (47)
By Eq.(11) The MD is
2 2(cet+cr—v) 2 A
Pm = —Cge - (a1k1 + aa(k1) ) (48)
By Eq.(8) and (44) the pressure is
pa = —Heoter ) (49)
The EoS parameter is
_ 2 2(cgt+cr—v)
P . (50)

pd (041]61 +a2(k1)2>ﬁ

—92¢3 2(cet+cr—v)
g = ——6¢ (51)

(Oélkl + a2(k1)2)5

Since wq<0, wg<0, so the region of the model is freezing region
The state finder pair {r, s} is

;()1 (52)
r—1
8773((]—%)70 (53)

Clearly (r,s)=(1,0) indicate CDM limit so that the state finders represents the distance from
CDM to dark energy model.
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Square speed sound is obtained for this model is

v = ?—d = does not exist (54)
Pd

By Eq.(8)—(10) and (44) we have the skewness parameter are
dy,=0 and 4, =0 (55)

Conclusions

We obtained the solution of cylindrically symmetric Einstein Rosen universe with GGPDE
& DM. The aim of PDE shows interest as it indicates one of the opinions about the universe
due to phantom energy in the late time. The volume of the model does not vanish throughout
the evolution of the universe has no singularity. We identified with clearly evidence "q" is time
dependent, we also discussed A with wg = —1. The wy—w, plane analyzed the throwing and
freezing regions. The state finder splits the model into Phantom and Quintessence regions. The
squared speed of sound indicates the stability of the universe . Since here w, is consistent it
represents that the universe is accelerating. The model developed r-s plane possesses the region
of Chaplayin gas models. At the end of conclusion, this model favors the PDE phenomenon.

The results obtained are to be compatible with the present-day observations.
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LnauaapnyecKn-CUMMETPUYHBIN O000OIIEHHBII TPU3PavHbIi
CTPAHHUK, TeMHasl SHEPIrisi KOCMOJOTNYECKNX BCEJIEHHBIX

Mangana Kpurnaa

Wmxeneprsril konnemx Parxy, Bumakxanaraam
Angxpa-Ilpanem, Naaus-531162

Cobxanbady Karmmasa

VHUBepCUTETCKUI MHKEHEPHBIH Kosne K, Hapacapaoner
Anjxpa-TIpanem, Unnnsa-522616

Pamxamaxaatn CaHTUKyMap

VIHCTUTYT TEXHOIOTUI U MEeHe/PKMeHTa ATNThU
Iprkakymam Dist

Texkkamu, Anjxpa-IIpagem, Nunna-53220

Amunoraiusi. Pemenne muamHaIprnaecKn-CUMMETPUYHOR BeeleHHo# DitHimTeiina Posena nccmemosano u
CBsI3aHO € ODOOINEHHON TEMHON SHEPTUEN 1 MaTepHeil IPU3pavHOro CTPAHHUKA. ITOObI MOy IUTh TOYHbBIE
pelieHust ypaBHeHmi mosist DitHInTelHa, MBI obcyamiu Momaesb GGPDE u onpenenmunm nmapamerp EoS.
Ob6JtacTi MOJEIN, KOTOPbIE HEOOXOANMO UACHTU(MPUIMPOBATD C TOMOIIBIO AHAINU3a TIJIOCKOCTH Wq—dotwy,
Phantom u da3ser kBuHTCCEHIMM, KOTOPBIE Oy/IyT O0OCYKIAATHCSI C HOMOIIBIO CPEJCTBA ITOMCKA COCTO-
SHW, U CTAOUIBHOCTH MOJEJHN, KOTOpasi Oymer 06CyKIaTbCsT TOCPEICTBOM KBaIpaTa CKOPOCTU 3BYKA.
Ob6cyxknatorcst pusndeckue cBoiicrBa Mogesn. [losydennbie pe3ysibraThl OyJIyT [MOJIE3HBI IIPU TEKYIIUX
HaOJIIO/IEHUSTX.

KuroueBsbie ciioBa: (haHTOM, KBUHTICCEHINS, CTAOMILHOCTD, IIMJIMHIPUIECKUN, CHMMETPUIHBIIA.
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