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This talk is based on...

Constraints on the fraction of early dark energy in the pre- and
post-recombination epochs. [arXiv:2107.XXXX]

in collaboration with:
L. Amendola, V. Pettorino, C. Wetterich and Z. Zheng
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A. Gómez-Valent (ITP Heidelberg) EDE in light of observations 3 / 24



Early dark energy (in the modern literature)

Poulin, Smith, Grin, Karwal and Kamionkowski [arXiv:1806.10608]

Poulin, Smith, Karwal and Kamionkowski [arXiv:1811.04083]

Scalar field potential: V (φ) ∝
[
1− cos

(
φ
f

)]n

Klein-Gordon equation: φ̈+ 3Hφ̇+ ∂V
∂φ = 0
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Effective fluid description:

ρφ(a) =
2ρφ(ac)(
a
ac

) 6n
n+1

+ 1

; wφ(a) =
2n

n + 1

1(
ac
a

) 6n
n+1 + 1

− 1

with ĉ2
s = 1 when a� ac and ĉ2

s (a, k) = 2a2(n+1)β0a
−3( n−1

n+1 )+k2

2a2(n−1)β0a
−3( n−1

n+1 )+k2
for a� ac .
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Alleviation of the H0 tension
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Increase of the σ8/S8 tension

Results from Poulin et al. [arXiv:1811.04083]
Data set: Planck 2018+SNIa+BAO+H0

Enhancement of the amount of LSS in the universe!

J.C. Hill et al. [arXiv:2003.07355]

M.M. Ivanov et al. [arXiv:2006.11235]
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Some questions...

Can other shapes of Ωde(z) help to solve the tensions?

Can EDE in the post-recombination epoch mitigate the S8/σ8

tension?

What if we consider both, EDE and a late-time dynamical DE?

Is EDE able to loosen the “SH0ES-Planck” tension if we formulate it
in terms of the absolute magnitude of SNIa measured in the first
steps of the cosmic distance ladder instead of H0?

Does EDE also lead to large values of σ12 and S12 with respect to the
ΛCDM?
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EDE in Quintessence models with scaling solutions

EDE models are not new.

For instance, EDE in quintessence with an exponential potential,
V (φ) = V0e

−λκφ exhibits scaling solutions with

Ωφ =
3

λ2
(1 + w) ; wφ = w

with w the EoS parameter of the dominant fluid, and ĉ2
s = 1.

References:

Wetterich, Nucl. Phys. B, 302, 668 (1988).

Copeland, Liddle and Wands (1997) [arXiv:gr-qc/9711068]
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A. Gómez-Valent (ITP Heidelberg) EDE in light of observations 10 / 24



EDE in Quintessence models with scaling solutions

EDE models are not new.

For instance, EDE in quintessence with an exponential potential,
V (φ) = V0e

−λκφ exhibits scaling solutions with

Ωφ =
3

λ2
(1 + w) ; wφ = w

with w the EoS parameter of the dominant fluid, and ĉ2
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The EDEp parametrization

EDE density:

ρde(z) = ρ1(1 + z)4 + ρ2(1 + z)3 + ρ3(1 + z)3(1+w)

EDE pressure:

pde(z) =
ρ1

3
(1 + z)4 + wρ3(1 + z)3(1+w)

Useful to define:

ρ1 = χ1Ω
(0)
r ,∗ρ

(0)
c ; ρ2 = χ2Ω

(0)
m,∗ρ

(0)
c ,

and

ΩRD
ede =

χ1

1 + χ1
; ΩMD

ede =
χ2

1 + χ2
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EDEpMD and EDEpMD,zthrparametrizations

EDEpMD :

ρde(z) = ρ2(1 + z)3 + ρ3(1 + z)3(1+w)

EDEpMD,zthr :

ρde(z) = ρ2(1 + z)3θ(zthr − z) + ρ3(1 + z)3(1+w)
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The scalar field equivalent

Quintessence energy density and pressure:

ρφ =
φ̇2

2
+ V ; pφ =

φ̇2

2
− V .

φ̇ =
√
ρφ + pφ ; V (a) =

1

2
[ρφ(a)− pφ(a)]

In the RDE:

VRD(φ) =
χ1

3
ρr (aini ) exp

[
−

√
32πG

(
1 +

1

χ1

)
(φ− φini )

]

A. Gómez-Valent (ITP Heidelberg) EDE in light of observations 13 / 24



The scalar field equivalent

Quintessence energy density and pressure:

ρφ =
φ̇2

2
+ V ; pφ =

φ̇2

2
− V .

φ̇ =
√
ρφ + pφ ; V (a) =

1

2
[ρφ(a)− pφ(a)]

In the RDE:

VRD(φ) =
χ1

3
ρr (aini ) exp

[
−

√
32πG

(
1 +

1

χ1

)
(φ− φini )

]
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The data sets

Planck 2018 TT,TE,EE data [CMBpol]; also considering the CMB
lensing [CMBpolens].

Pantheon SNIa compilation.

The SH0ES prior on the absolute magnitude of SNIa,
M = −19.2191± 0.0405.

BAO data from various galaxy surveys.

Data from redshift-space distortions.

Weak lensing data from KiDS+VIKING-450 and DES-Y1,
S8 = 0.762+0.025

−0.024.
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Results with CMBpol+SNIa
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Results with CMBpolens+SNIa+M
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Results for EDEpMDzthr(I )
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Results for EDEpMD,zthr(II )
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The impact of ĉ2
s
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Reconstruction of EDE: binned ρde(z)

In order to pass the strong constraints on Ωde(zdec) we need to consider a
more flexible shape for the latter

−→ Binned ρde(z), with
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A. Gómez-Valent (ITP Heidelberg) EDE in light of observations 21 / 24
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Conclusions

We have obtained very tight upper bounds on the EDE fraction in the
RDE and MDE epochs, in the context of DE models with scaling
solutions.

They do not alleviate significantly the cosmological tensions.

We have performed a more model independent reconstruction of
Ωde(z), still assuming ĉ2

s = 1.

We find very strong constraints around the CMB decoupling time.

Large values of ΩRD
ede allow larger values of H0, but typically lead to a

worsening of the LSS tension.

The latter can also be loosened with a greater EDE fraction in the
MDE.

We have studied these tensions in terms of M and s12/S12.
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s = 1.

We find very strong constraints around the CMB decoupling time.

Large values of ΩRD
ede allow larger values of H0, but typically lead to a

worsening of the LSS tension.

The latter can also be loosened with a greater EDE fraction in the
MDE.

We have studied these tensions in terms of M and s12/S12.
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s = 1.

We find very strong constraints around the CMB decoupling time.

Large values of ΩRD
ede allow larger values of H0, but typically lead to a

worsening of the LSS tension.

The latter can also be loosened with a greater EDE fraction in the
MDE.

We have studied these tensions in terms of M and s12/S12.
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Thanks for your attention!
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