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Abstract

In this research article, authors have presented the modelling of quintessence compact
stars whichisatisfies the Karmarkar conditions. For this purpose, we have formulated the set
of Einstein field equations with the static metric, anisotropic perfect fluid and quintessence
field. The equation of state pr = αρ andiKarmarkar condition ihave beeniusedito solveithe
setiofifield equations. The unknowniconstant in the metric functions (appearing due to the
Karmarkar conditions) have been found by matching the interior metric withithe Schwarzschild
iexterior metric. The observedivalue ofimass andiradiusiof someiwell known classiof aistar
hasibeeniused. The fluidivariablesidensity, radial anditransverseipressures iandianisotropic
parameter ihaveiplotted graphically. The firstiand secondiderivatives ofidensity and iradial
pressure have ibeen evaluatedito discuss ithe regularityiof the imodel. Theispeed of isound
forithe radial iand transverseidirections determineitheistability of theiproposed model. More-
over the iredshift for theiproposed model of the star hasibeen discussed.
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1 Introduction

Hundred years back, the first exact solution of the Einstein field equations was gained by Karl
Schwarzchild [1]. After this a lot of exact solutions have been represented by different mathemati-
cians with small changes. Scwarzchild’siconstant density sphere isiestablished to include physi-
callyiobserved phenomenonilike theipressure anisotropy,itheielectromagnetic field,idissipation, ro-
tation andideviation fromispherical symmetry.iiLake and Degaty [2] icarried outicomprehensive
andisystematic studyiof solutionsiofiEinstein fieldiequations. Theyistudied oneihundred anditwenty
seveniexactisolutions ofiEinstein field equations andionly nineisolutions meetitheiphysical possibil-
ity condition. It showsithe difficultyito getiexactisolution of Einstein ifield equations describing
irealizable astrophysicaliobjects. This encourages the researchers toifind out solutions whichiare
moreiphysically applicableibut more importantly,ithey should alsoibeigood approximationito ob-
servational data.

Canuto [3]iand Ruderman [4]ishowed that whenithe nuclear densityiis muchilowerithanithe mat-
ter density, imatter will be ianisotropic ininature. Comprehensive istudies on impactiof anisotropy
on iself-gravitational configurations were carriediout by Bowers and Liang [5]iand iHerrera and
Santos [i6]. Theianisotropy may take iplace dueito existence iof itype 3-i A superfluids [7], iphase
transformation [8] withiin theicare oridue toielectromagnetic field [9]-[11].

Modelsiof pseudo-spheroidal, relativisticistars on spherical and paraboloidal spacetime had
been istudied by Tikekar andiThomas [12], iVaidyaiand Tikekar [13] and iTikekar andiJatonia [14]
irespectively. Petaliand Kopperi[15],iGupta and iKumar [16],iSharma et. al. [17] andiKomathiraj
and Maharaj [18] have studiedicharged stars onispheroidal spacetime. Tikekar and Thomas [19],
Chattopadhay and Paul [20] andi Thomas et al. [21] have studied the icompact objects onipseudo-
spherical ispacetime. The paraboidal spacetime is aispecific caseiof the Finch and Skea [22] s-
pacetime. Sharma iand Ratanpal [23]istudied the relativistic istarimodel iaccepting the quadratic
iequation of state ion paraboidal spacetime. These studies ipropose that geometrically significan-
tispacetime may beiused toiexplain theiphysically realistic stars.

The embeddingiproblem is one of the iinteresting problem on geometricallyi significant space-
times that iwas first delivered by iSchlai [24]. The 1sti isometric embedding itheorem was provided
iby Nash [25]. The icondition for iembedding 4-dimensional ispacetime metric in i5-dimensional
Euclidean spacesi was derived by iKarmarker [26]. Karmarker icategorized these spacetimes ilike
class-i1 spacetime. For a ispherically symmetric spacetime, Karmarkeri condition in ithe form of
icurvature components takes ithe form

R1414R2323 = iR1212R3434 +R1224R1334. (1)

i Recently, i attention amongst a ilot of researchers iworking oni modeling icompact objects, iExact
solutions iof Einstein field equation iand stability ianalyses of self-igravitating objects. iThe study
of icharged compacti stars ifulfilling compact stars iKarmarker’s condition iwas begun by iMaurya
et. al. [27]. This iled to ifruitful of models iof compact objects ifulfilling Karmarker’is condition
[28, 38]. In ithe current work, we ihave studied ithe ispherically symmetric spacetime metric
iof embedding iclass-1 and igained the isingularity free isolution iof Einstein field iequations for
ianisotropic fluid idistribution. We have i to proved ithat the model ifulfill all the iphysicali
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plausibility iconditions and also istable. Zubair et al.[39]-[42]. The iwork is iarranged as follows:
Section-2 ipresents ithe Einstein’s ifield equations, Karmarker icondition fori spherically isymmetric
spacetimes iand TOV equation inecessary for ithis ianalysis. We ishow the ianisotropic solution
iof embedding class-1 for icompact stars iin section-3. iWe suppose the imatching condition of
ithe interiori spacetime to ithe vacuum Schwarzschild exterior isolution in section-i4. The physical
iproperties of our model are iexpressed in section-5. We ifinish with aidiscussion of result iin section
6.

2 Anisotropic Source and Field Equations

We istart withi the statici spherically symmetrici spacetimei metric thati is giveni by

ds2i = eν(r) dt2i− eλ(r)dr2i− r2(dθ2i+ sin2 θ dϕ2), (2)

Withi the metric (2) togetheri with the energy-imomentum (4) Einstein’si field equationsi take
thei form

Gµνi = iκ
(
Tµν i+ τµν

)
(3)

wherei Gµν i is the Einsteini tensor, κi = i8πG
c4

is the couplingi constant andi Tµν , τµν arei
respectively ithe energy-imomentum tensori of the ordinaryi matter whichi is anisotropic perfecti
fluid and quintessencei like fieldi characterizedi by a parameteri ωq with ωqi− 1 < iωq < i− 1/3.
Now i Kiselev [43] has provedi that the componentsi of this tensori need to fulfilli the conditionsi
of additivityi and linearityi. In consideration of thei differenti signaturei used in linei elements,
the componentsi can be expressedi as follows

τ tt i = τ rr i = i− ρq (4)

τ θθ i = iτϕϕ =
3ωqi+ 1

2
ρq (5)

andi the correspondingi energy-momentumi tensor can bei stated as

T µ

ν
i = (ρ+ ipr)u

µ uυ − ipt g
µ
υ + i(pr − ipt)η

µ ηυ, (6)

with ui uj = i1 = i− ηi ηj andi uiηj = i0. Here spacelike ivector which is orthogonal ito ui, ρ,
pt and pr denotei matter density, tangentiali pressure andi the radiali pressurei respectively.

8π (ρ+ iρq) = e−λ

[
λ′

r
i− 1

r2

]
+ i

1

r2
(7)

8π (pr − iρq) i = e−λ

[
v′

r
+ i

1

r2

]
i− 1

r2
, (8)
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8π

(
pti+

3ωq + i1

2
ρq

)
= ie−λ

[
v′′

2
i− λ′v′

4
i+

v′2

4
+ i

v′ − λ′

2r

]
, (9)

Also, anisotropici parameter is

∆i = pt − ipr =
e−λ

16π

[
1

2
v́2i+ v′′ − i

1

2
λ′v′ − i

1

r
(λ′ − ν ′)i− 2α

α+ 1
(
λ′

r
+ i

ν ′

r
)

]
−i

1

2
(3ωq + 1)ρ (10)

2.1 Karmarkar condition:

Inigeneral, the sphericallyisymmetricispacetimeimetric (2) is of classitwo. If theimetric (2) satis-
fiesithe Karmarkar condition (1) It will then show a spacetime of embedding class one. The com-

ponents of the Riemann curvature tensor Rhijk for metric (2) areigiven by R2323i = i sin
2θ(eλ−1) r2

eλ
,

R1212i =
λ′ r
2
, R2424 = i e

(ν−λ)

2
,

R1224 = 0, R1414i =
eν

4
[2 ν ′′ + iν ′2 − iλ′ ν ′], R3434 = isin2θ R2424.

By insertingithe componentsiof Rhijk into theiKarmarkaricondition (1), we obtainithe following
differential equation,

ν ′′

ν ′ i+
ν ′

2
i = i

λ′λ

2 (eλ − 1)
. (11)

This givesithe gravitationalipotential ν, as ifollows

νi = 2 ln

[
A1 + iB1

∫ √
(eλ(r) − i1)dr

]
, (12)

whereiA1 and B1 areinon-zero iarbitraryiconstantsiof integration.

2.2 Anisotropicisolutioniof embeddingiclass oneifor compacti star:

Itiis interestingito noteithat the solutioniof Einstein fieldiequations for anisotropici matter distribu-
tioni depends onione of the metricifunctionsiν or λ becauseithe Karmarkaricondition gives aidirect
relationibetween theimetrici functions. For this purposei, we use the iansatz as already used in
Maurya et al.[38] for eλ,

eλ = 1 +
(a− b)r2

1 + br2
(13)

where, a ̸= 0, b ̸= 0. If a = i0 = b then the spacetime can bei written as

ds2i = −dr2 − ir2(dθ2 + i sin2 θ dϕ2) + ieν(r) dt2, (14)

4
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for which Karmarkar’s condition (1) is satisfied but spacetime metric (14) is not of class 1 as shown
by Pandey and Sharma (1998), hence we take a and b as positive constants. The metric potential
eλ chosen here does not give rise to paraboloidal, spheroidal or pseudo-spheroidal spacetimes.
SubstitutingiEq.(13) intoiEq.(12), we get

ν = i2 ln
[
Ab+ iB

√
(a− ib)

√
1 + ibr2

]
− i2 ln b (15)

whereiA andi B arei constants .
Foria physicallyiviable modelithe metricifunctionsieλ and ieν mustibe finite atithe center whileiboth
should ibe monotonicallyiincreasing functionsiof r as showniin Fig.(1). We observeifrom Eqs.(13)iand
(15), (eλ)r=0 = i1 and (eν)r=0 = i 1

b2
[Ab+ iB

√
(a− b)]2, which areifinite andifree fromisingularity.

To solveithe above systemiof equations let’s iassume that theiradial pressure pr is proportion-
alito the matteri density ρ

pri = iαρ, 0 < αi < 1,

where αiis theiequationi of statei parameter. This equationi corresponds to a polytropiciequation
of stateiof the secondi class. .

From theiEqs.(7)-(10) togetheri with Eqs.(13)iand (15), we get ρ, pr, pt, ρq and ∆,

4πρi = i

√
a− ib

(1 + α)
[

Ab
√
a− bi+ aB(1 + ibr2)

3
2

(1 + ar2)2(Ab+B
√
a− b

√
1 + br2)

], (16)

4π pri =
α
√
a− b

(1 + α)
[

Ab
√
a− bi+ aB(1 + ibr2)

3
2

(1 + ar2)2(Ab+B
√
a− b

√
1 + br2)

], (17)

8πρqi =
√
a− b

[
− 2bB

√
1 + br2(1 + iar2) +

(
Ab

√
a− bi+B(a− ib)

√
1 + br2

)
×
(
(3α + i1) + ar2(α + 1)

)]
× i1

(α + 1)(1 + ar2)2(Ab+B
√
a− b

√
1 + br2)

(18)
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Figure 1: Firsti and secondigraphs represent theibehavior of the metric function for star Vela X-1

8πpt =

√
a− b

(1 + ar2)(Ab+ b
√
a− b

√
1 + br2)

[
b2B2r2

√
a− b

(Ab+ b
√
a− b

√
1 + br2)

)
+

bB

1 + br2
(
Ab+B

√
a− b

√
1 + br2(1− br2)

Ab+ b
√
a− b

√
1 + br2

)− bBr2(a− b)

(1 + ar2)
√
1 + br2

+ bB
√
1 + br2 −

√
a− b(Ab+B

√
a− b

√
1 + br2)

1 + ar2
− 3ωq + 1

2(α + 1)(1 + ar2)

× (Ab
√
a− b+B(a− b)

√
1 + br2)(3α+ 1 + ar2(α + 1))− 2bB

√
1 + br2(1 + ar2)]

(19)

∆ =

√
ai− b

(1 + ar2)(Ab+ ib
√
a− b

√
1 + br2)

[ b2B2r2
√
a− ib

(Ab+ ib
√
a− b

√
1 + br2)

)
+ i

bB

1 + br2
(
Ab+ iB

√
a− b

√
1 + br2(1− ibr2)

Ab+ b
√
a− b

√
1 + br2

)− bBr2(a− ib)

(1 + ar2)
√
1 + br2

+ bB
√
1 + br2i−

√
a− b(Ab+ iB

√
a− b

√
1 + br2)

1 + ar2
i− 3ωqi+ 1

2(α+ 1)(1 + ar2)

× (Ab
√
a− bi+B(a− ib)

√
1 + br2)(3α+ i1 + ar2(α + i1))

− 2bB
√
1 + br2(1 + ar2)− i

2α

(α + 1)(1 + ar2)
× Ab

√
a− bi+ aB(1 + ibr2)

3
2

]
(20)
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Figure 2: First and secondi graphs represent the densityi variation of Strange star candidate Vela
X-1 and 4U1608-52 respectively.
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Figure 3: First and isecond graphs representi the radial pressurei of Strange star candidate Vela
X-1 and 4U1608-52 respectively.

dρ

dr
=

√
a− b

4π(α + 1)(1 + ar2)3(Ab+
√
a− b

√
1 + br2)2

×
[
3abBr(1 + br2 + ar2 + abr4)(Ab+

√
a− b

√
1 + br2)− (Ab

√
a− b+ aB(1 + br2)

3
2 )

(bBr + abBr3 + 4ar
√
1 + br2(Ab+

√
a− b

√
1 + br2))

]
(21)

dpr
dr

= i

√
a− ib

4π(α + 1)(1 + ar2)3(Ab+
√
a− b

√
1 + br2)2

)
×[3abBr(1 + br2i+ ar2 + iabr4)(Ab+ i

√
a− b

√
1 + br2)

−i(Ab
√
a− b+ iaB(1 + br2)

3
2 )(bBr + iabBr3 + 4ar

√
1 + br2(Ab+ i

√
a− b

√
1 + br2)]

(22)
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Figure 4: First and isecond graphs representi the tangential pressurei of Strange star candidate
Vela X-1 and 4U1608-52 respectively.
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Figure 5: First and isecond graphs representi energy density of the quintessencei field ρq of strange
star candidates Vela X-1 and 4U1608-52 respectively.
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Figure 6: First and secondigraphs representithe EOS parameteriωt star candidate Vela X-1 and
4U1608-52 respectively.
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Figure 7: All these graphs ihas been plottedionlyifor the data iof Vela X-1.
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Figure 9: Evolutioniof energy constraintsiat the stellar interiori of strange star Vela X-1.
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d2ρ

dr2
i =

√
a− b

4π
[(1 + iar2)3 (23)

×(Abi+B
√
a− b

√
1 + br2)(

3bBr
√
a− b√

1 + br2
(abBr + iab2Br3 + ia2bBr3 + ia2b2Br5)

)
+(3abB + i9ab2Br2 + i9a2bBr2 + i15a2b2Br4)(Ab+ iB

√
a− b

√
1 + br2

−(3abBr
√
1 + br2)(bBr + iabBr3i+ 4abAr

√
1 + br2i+ 4arB

√
a− b+ i4ar3bB

√
a− b))

−((3abBr + 3ab2Br3 + i3a2bBr3 + 3a2b2Br5)

−(Ab
√
a− b+ iaB(1 + ibr2)

3
2 )(bBr + abBr3 + i4ar

√
1 + br2(Ab+ iB

√
a− b

√
1 + br2)))

×(6ar(1 + ar2)2(Ab+ iB
√
a− b

√
1 + br2)2i+ (

4bBr
√
a− b

1 + br2
)(Ab+ iB

√
a− b

√
1 + br2))]

(24)

d2pr
dr2

i =
α
√
a− b

4π
[(1 + iar2)3(Ab+ iB

√
a− b

√
1 + br2) (25)

×i(
3bBr

√
a− b√

1 + br2
(abBr + iab2Br3 + ia2bBr3 + ia2b2Br5)

)
+(3abB + i9ab2Br2 + 9a2bBr2i+ 15a2b2Br4)(Ab+ iB

√
a− b

√
1 + br2

−i(3abBr
√
1 + br2)(bBr + abBr3 + i+ 4abAr

√
1 + br2i+ 4arB

√
a− b+ i4ar3bB

√
a− b))

−((3abBr + i3ab2Br3 + i3a2bBr3 + 3a2b2Br5)

−(Ab
√
a− b+ iaB(1 + br2)

3
2 )(bBri+ abBr3 + i4ar

√
1 + br2(Ab+ iB

√
a− b

√
1 + br2)))

(6ar(1 + ar2)2(Ab+ iB
√
a− b

√
1 + br2)2 + i(

4bBr
√
a− b

1 + br2
)(Abi+B

√
a− b

√
1 + ibr2))]

(26)

Theipressure anisotropy i∆ is zero ati at the boundary. However it can ibe made zeroieverywhere
inside the starionly when a = b (iwhich implies B = i0). Inithis scene the metric iroll out toibe
flat and all ithe physical parametersilike the iradial pressure, tangential pressure iand density
disappear. iThe physical ibehavior of all parametersiis presented inifigs.(2)-(i5). The equa-
tioniof state parameter is i0 < ωt < i1, which implies ithat theimatter is ordinary imatter as
showniin figure i(6). Figurei (7) givesi the regularityiof density and pressureiand Fig.(i8) indi-
cates thati the anisotropy iparameter isipositive at each interioripoint of theimatter iconfiguration,
ie., ipit > pr.iThis iindicates thatithe force due ito localianisotropy is irepulsive and may lead
toimore massive, stableiconfigurations.

3 Boundary conditions for the solution:

The obtainediiinterior solution must match continuouslyi with the Schwarzschild exteriorisolution
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ds2i =

(
1− i

2M

r

)
dt2 − i

(
1− i2M

r

)−1

dr2 − ir2(dθ2 + i sin2 θ dϕ2), (27)

at theiboundary of stellari configuration ri = R, where M is totalimass ofianisotropic stel-
lariconfigurationihold withinia spherei of radiusiR. By matching ithe first fundamentaliform (con-
tinuity of eν iand eλ) and secondifundamentaliforms (continuity iof ∂gtt

∂r
i.e. (pr)R = i0 )of the

interiori solution with exterior Schwarzschildisolution at theiboundaryiof the star.

1− i
2M

R
= eνRi = [

Ab+ iB
√
a− b

√
1 + bR2

b
]2 (28)

1− i
2Mi

R
= e−λR =

1 + iBR2

1 + AR2
(29)

(pr)R = 0. (30)

By solving theiabove boundary conditionsiwe get the constants as:

A =
a

b
(
1 + bR2

1 + aR2
)
3
2 (31)

B =

√
a− b

(1 + aR2)
3
2

(32)

M =
R

2
[1− 1 + bR2

1 + aR2
] (33)

3.1 Stability criterion via cracking

Foria physicallyiacceptableimodel ofianisotropic fluidsi hereioneimust have ithe radialiand
transverseivelocityiof sound ishould be less than 1. Where thei radial velocityi (v2sr)and trans-
verseivelocity (v2st) of soundican be attained as

v2sr =
dpr
dρ

= α (34)
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υ2
sti =

dpt
dρ

i =

√
a− ib

8π
√
a+ br2(1 + ar2)2(Ab+B

√
a− b

√
1 + br2)

)
(35)

×
[
(1 + iar2)(Ab+ ib

√
a− b

√
1 + ibr2)

×i
(Ab+ ib

√
a− b

√
1 + br2)(2b2B2r

√
a− b

√
1 + br2)− ib3B2r3(a− b)

(Ab+B
√
a− b

√
1 + br2)2

i − br(Ab+ i2B
√
a− b

√
1 + br2)

(1 + br2)(Ab+B
√
a− b

√
1 + br2)

+i
√
1 + br2(Ab+ iB

√
a− b

√
1 + br2)(b2B2r

√
a− b(1− br2)− i2b2B2r

√
a− b(1 + br2)

−b2B2r
√
a− b

√
1 + br2(1− br2)(Ab+ 2B

√
a− b

√
1 + br2))

−bBr(a− b)(2− ir − 2ar3 − ibr3 − 3abr5

(1 + br2)(1 + ar2)3
+ ib2Br − ibBr(a− ib)(1 + ar2)

−2ar
√
a− b

√
1 + br2(Ab+B

√
a− b

√
1 + br2)

(1 + ar2)2
− i(

3ωq + i1

2
)(

√
1 + br2

(α + 1)(1 + ar2)2
)

×((1 + iar2)(−2b2r − i4abBr(1 + br2)i− 2qb2Br3 + ibBr(3α + 1)(a− b)

+2aAbr
√
a− b

√
1 + br2(α + i1) +B(a− b)(1 + br2)) + i2ar

√
1 + br2(2bB

√
1 + br2)

−(Ab
√
a− b+ iB

√
1 + br2(a− ib))(3α + i1 + iar2(α + 1))))

−(bBr
√
a− b(1 + ar2) + 2ar

√
1 + br2(Ab+B

√
a− b

√
1 + br2))

)
+i

bB

1 + br2
(
Ab+ iB

√
a− b

√
1 + br2(1− ibr2)

Ab+ b
√
a− b

√
1 + br2

)− i
bBr2(a− b)

(1 + ar2)
√
1 + br2

+ibB
√
1 + br2 − i

√
a− b(Abi+B

√
a− b

√
1 + br2)

1 + ar2

− 3ωq + i1

2(α+ 1)(1 + ar2)
(Ab

√
a− b+ iB(a− b)

√
1 + br2)(3α + i1 + ar2(α + 1))

−2bB
√
1 + br2(1 + iar2)

]
. (36)

Herrera [44] introduced a iproposal toicheck the stability of anisotropic gravitatingisource. Cur-
rently, thisitechnique is termed as cracking conceptiwhich statesithat if radial speed ofisound is
greater thanithe transverseispeed ofisound thenisuch a region is a potentiallyistable region,iotherwise
unstableiregion. From fig.(10) it is clear that our model satisfies the condition v2st − v2sr < 0. So
we conclude that our model is potentially stable.

3.2 Energy conditions:

The stellariconfigurationimust satisfyi the null energyi conditioni(NEC), weak energyicondition
(WEC) andistrong energyicondition (SEC). iThese conditionsirespectively are
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Table 1: Numerical values of the constants for different compact stars
Compact star a(km−2) b(km−2) A B(km−1) Zs

Vela X-1 0.00033 0.19 -44.3761 44.2876 2.213532
4U1608-52 0.000325 0.1845 -45.3428 45.2910 3.34025

NEC : ρ(r)i ≥ 0, (37)

WEC : ρ(r)i− pr(r)i ≥ 0 and ρ(r)− ipt(r) ≥ i0, (38)

SEC : ρ− ipr(r)− i2pt(r) ≥ i0. (39)

Figure (9) clearlyishows thati all the energyiconditionsi are satisfiedi for eachiof our stellari mod-
els. We shouldipoint outithati the crackingiscenarioiderivedi by Abreu etial.[45] ini terms of
theirelativeisound speedsiwithin theifluid configurationi requires thatithe strong andi dominant
energyiconditions must ibe satisfied. The surfaceiredshift (Zs) in this case is given byias

1 + iZs = i
(1 + aR2

a+ bR2

)− 1
2
. (40)

For the V elaX − 1, and 4U1608− 52 the surface redshift is given in table 1.

4 Conclusions

Inithis research article, weihave explored theipossibility of formation iof compacti star in ithe pres-
ence ofiquintessence field. iThe compact stars iare iassumed toisatisfy the iKarmarkar conditions.
Weihave evaluated ithe matteridensity, radial anditransverseipressures, quintessence ienergy densi-
tyiand anisotropic parameter iof theimodel. Using the iobservational dataiof Vela X-i1 (iradius=7.07
km), 4U1608-i52 (radius=10 ikm), we have iplotted theienergy density, ipressure and quintessenceidensity
at icenter r = i0 to the boundary of ithe correspondingistar. All this iresults have beenishown
in ifigure 1-5. Theifirst and secondiderivatives of densityiand pressuresishown in figures i7, indi-
cateithat these quantitiesihave maximumivalues at ithe center andiminimum values at iboundary.
The graphicalibehavior of iquintessence density iρq idoes not changeiin this case iwhen starisatisfy
the Karmarkar icondition, but there ioccur a deviation iin numericali values 4. Theiconstraint
on theiEoS parameter isigiven by 0 < iωr < i1 (as shown iin figure i6) which isiin agreement
withinormalimatter distribution. We ihave investigated that ifor our model i∆ > 0 (ias shown
iin figurei8) iandia repulsiveiforce dueito anisotropyiresults ito the formationiof more imassive s-
tars.iThe proposed imodel satisfyithe ienergy conditions,ias an iexampleiwe have shown iinifigure
i9 thati theseiconditions are isatisfied. Weihave shown that v2st < v2sr (see ifigure 10), ihence
ourimodel is potentially istable. Theirange of isurface redshift Zs ifor the compactistar candidate
VelaiX-1 is given in tablei 1.
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