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State of the Art

Our universe is not only expanding but it is also accelerating!!
ACDM model has been constrained with unprecedented accuracy.

With the improvement in our ability to constrain the cosmological parameters, a
few statistically significant tensions has emerged.

It seems that the late time cosmological data and early time cosmological data
are in tension.

We need to extent our imagination beyond standard ACDM



Hubble Tension
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CMB Planck data together with BAO, BBN, and DES have
constraint the Hubble parameter to be HO -~ (67.0 - 66 68 70 72 74 76 78 80
. . —1 7\ / -1
68.5)km/s/Mpc. On the other hand, cosmic distance ladder Hy [kms " Mpe ']
and time delay measurement like those reported by SHOES Fig 1(b)

and HOLiCOW collaborations have reported HO = (74.03 *
1.42) km/s/Mpc and HO = (73.3 +1.7 -18 ) km/s/Mpc it 2008.11284
respectively by observing the local Universe. A A 3
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Apart from the
Hubble tension,
another tension
between the
Planck data with
the weak lensing
and the redshift
surveys has been
reported.




Scalar Field as Dark energy

e The ACDM model happens to be most consistent with the observations but it
suffers from problems arising from both theoretical and observational aspects.

e From the theoretical side it has to deal with the cosmological constant problem,
coincidence problem and the fine tuning problem.

e From the observational side it is unable to explain the tension between the
early time (Planck, BAO) and late time observations (SHOES).

e There could be new physics involved and we should think beyond ACDM model.

e Scalar fields models are considered as one of the best alternatives to the
cosmological constant.
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Scalar Field Dynamics

For a spatially flat, homogeneous and isotropic universe filled with matter and
nonminimally coupled scalar field components
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3H? = pp + pyp = pm + 360~ + V(9)
2H + 3H? = —p, = —Led” + V()

e + 3eH + ‘(Zi—g =0
€ — Switch parameter
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Pm —» Matter energy density
Py = %€¢22 + V(¢) _» Scalar field energy density

.
by = §€¢2 — V(¢) — Ppressure component




Governing equations

off — _Pm0 _
a3
V(¢) = H +3H2 - P
243

= —— = Normalized Hubble parameter
Hy

Pmo = Present value of the matter density parameter
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Cosmological parameters




General Condition for Phantom Barrier crossing

dE 2
(d¢) 2E —= =3 (1+2)
dz eE?(142)

wy(2) = —1+ 12 (zE‘;—f — 30 (1+ 2)°)

E
We propose a general condition for the\

Phantom barrier crossing at z = z,.

dFE
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Any dark energy model for which
dE
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Since here all parameters are expresseq in QE@ — 800 (1+2)2 <0 for 2z < 2
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form gf E(z)for further analysis (instead of el indlereo i phaRtoIE bareies Bros nE. /
choosing V/(¢)) 9




A Toy Model

We have considered the following parameterization:

i
2

E(2) = [1+pz(b—|—§+%)]

H2(2) = H} [1+pz (b+ 2+ 5]

~

q(z) =

2z 322 23
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Consideration of a parametrization of E(z) or H(z) is already studied. But this
approach helps to study the quintessence and phantom model in a single setup.
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Equation of state parameter for the toy Model

e The EOS of the scalar field can be written in a more compact form as

= (&) () om(5)
o ae(d) e (3) e(3)]

e The new parameters have been written in
terms of the old parameters as

wy = (bcd d+c) —cd], w; =p[2d— bed — 3c]|
p(3¢c — d) and wy = pc — Qypoed

[ weo = —1 + 6(wo, w1, w2, ws) }

wy — 3w + 2w Can be thought of as an deviation from the ACDM case. Depending on

§(wo, w1, wo,w3) =
3(wo + w1 +ws —w2)  the choice of parameters it could be either phantom or quintessence.




Cosmological parameters in terms of (wo, w1, w2, w3)
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Comparison between numerical and analytical solutions

We have amended a version of the publicly available CLASS code.

The dynamics of the scalar field has been implemented in the CLASS code as an fluid with the
EOS derived from our parametrization of the E(z).

3 2
() e () v ()
sl (i) - (i) - (35)|

A comparison between the analytical solutions and the numerical solutions are shown below. The
percentage difference is less than 1%.

The CLASS code has used the integral of the EoS of the dark energy over redshift whereas for
obtaining the analytical solutions the KG equations has been used.
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Comparison between numerical and analytical solutions
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Numerical Investigation and Observational Constraint

We have considered following data sets:

Pantheon

SDSS LRG DR7, SDSS LRG DR4

BAO (BOSS DR12, 6dFGS, eBOSS DR14, WiggelZ)

A SHOES Prior together with compressed Planck Likelihood

/61‘ the stability and minimization \

of the shooting faliure of the CLASS code

we have considered wy = 0.

wy = cp — Qo d)

There will be always room for suitable

choices for parameters which can lead to a

\ viable cosmological model /

Parameter ACDM ¢CDM

W | 2257008, | 224700,
Wedm 011875 660705 | 0119750008
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WpE -1 —1.04 10022
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The bayesian evidence suggests
that the phantom model is
moderately preferred over the
LCDM
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Comment on Hubble Tension

e Although there is a slight increment in the best fit value of the Hubble parameter but
it is far from solving the Hubble Tension.

e Similar results has been obtained in
o J.A Vazquez, D. Tamayo, A. A. Sen, and I. Quiros, Phys. Rev. D 103, 043506 (2021), 2009.01904.
o  F. X Linares Cedeno, N. Roy, and L. A. Urena Lopez, Phys. Rev. D 104, 123502 (2021), 2105.07103

e Thisis in agreement with the recent results in

Dinda, Bikash R. "Cosmic expansion parametrization: Implication for curvature and H , tension."”
arXiv preprint arXiv:2106.02963 (2021).
where it has been shown that CMB+BAO+SN data put stronger constraints on HO and on

other background cosmological parameters and that the addition of HO prior from SHOES
(or from similar other local distance observations) can not significantly pull the HO value
towards the corresponding SHOES value.
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Results
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Numerical evolution of the system
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Numerical evolution of the system

— LCDM LCDM

=== Bestfit - Rl

-0.44 —— [200, -30.7, 4.25] - Flg 7(8{ —— [207, 20, 4.25]
— [210, -30.7, 4.25] —-0.4 {4 — [207, -25, 4.25]
—— [250, -30.7, 4.25] —— [207, -35.7, 4.25]

-0.6 4 —— [270, -30.7, 4.25] 0.6 —— [207, -45.7, 4.25]
s &
-0.8 - —0.8 -
-1.0 =

-1.0 = T -

. -1.2 4

Fiq 7(b . . . .
T T T T 0 2 4 6 8 10
0 2 4 6 8 10 ,

z

Plot of wy for different values of the wy, w;, w3 parameters.

0.04 — LCDM
-=—- Bestfit
-0.24 —— [207,-30.7, 1.5]
— [207,-30.7, 2]
—-0.44 — [207,-30.7, 3]
—— [207,-30.7, 5]
s —0.6
—0.8 4
-1.0 ——=
—1.2 A | . . 1.65 -
| ws | - 4.25% 158
—-1.4 4 : T T

i 0 2 4 6 8 10
Fig 7(c) , 20




0.8 1

Plot of dark energy

1.0

0.8 A

0.6 — Lcom —— [270,-30.7, 4.25] 0.6 —— LCDM —— [207, -45.7, 4.25]
o — [200,-307,4.25] — On density parameter — [207,-20,4.25]  — Qm
— [210,-307,4.25] --- O, & —— [207, -25, 4.25] - iy
0.4 — [250,-30.7, 4.25] 0.4 —— [207,-35.7, 4.25]
0.2
0.2
- Y
0.0 T TP Qs!!
d T T = =
0 2 4 10 0.0 e ;
z 0 2 4 8 10
Fig 8(a ’

1.0 Fig 8(b)

0.8

BE —— LCDM — [207,-30.7, 5]

— [207,-30.7, 1.5] —0n
— [207,-30.7,2] === Q,
0.4 —— [207,-30.7, 3]
0.2 - K Fig 8(c
Q..
x
0.0 Mol LT — :
0 2 4 6 8 10
z 21



Results
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Plot of MPS for the same set of parameters
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Conclusions

In this work we have revisited the dynamics of the scalar field dark energy models and
proposed a general scheme which can include both the quintessence and the phantom scalar
field models.

Using our method it is possible to express all the cosmological parameters in terms of the
normalized Hubble parameter (E), present value of the matter energy density and redshift z.

A general condition for the phantom barrier crossing has been proposed. This general
condition can help us to check if a dark energy model will have phantom barrier crossing.

A parameterization of the H(z) has been considered. For this parametrization a phantom
barrier crossing has been observed but it can not alleviate the Hubble tension.

There is slight deviation in the p(k) and [); curve compared to the A CDM

A comparison between ¢CDM and ACDM models have been carried out using the concept of
Bayes Factor and the CDM model is found to have positive preference over the ACDM.
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