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Some solutions...

* Time-varying Dark Energy (DE) models.

* Extended models (For example: J. Alfaro, M.
San Martin and C.R.
https://doi.org/10.3847/1538-4357/abddc3)

* Modifications in the early-time physics.



Our approach

* We studied the possibility that local Hubble
measurements differ from the Planck data because the
local density of the universe is different from the global.

* This idea has been studied before by Adam Riess anc
other authors. In general, they concluded that our loca
void Is not enough (in the sense of gravitationa
potential) to alleviate the controversy.




The local void: Our neighborhood

. Cosmicﬂdws-S. R. Breht Tully et
all. https://doi.org/10.3847/1538-
4357/ab2597 ’




Our approach

* We assume a FLRW metric with scalar perturbations in a Newtonian
gauge with no curvature to describe and inhomogeneity that is
spherically symmetric.

* This approach considers the temporal evolution of the field. This
evolution is essential because from redshift 0.15 until now elapse
approx. 2 Gyrs. This period allows the galaxies to move through space
due to the field. In other words, our description allows a temporal
evolution of a local spherically symmetric overdensity/subdensity, which
affects the real dependence of the luminosity distance measured by a
local observer centered on the origin of this inhomogeneity.



Notation

 Any observable measured parameter, which Is
determined by assuming a non-pertubed FLRW
metric, IS denoted by the superscript Lo (from
local).

* On the other hand, big scale parameters are
defined by superscript Pl (from Planck).



Our approach

* We will use two different series with different meanings
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Redshift dependence

* Consider a perturbed metric assuming the Newtonian
gauge with scalar perturbations

ds® = =c* (14 20(t, 7)) dt* + a(t)" (1 - 20(t, 7)) (do* + dy” + d27)



Redshift dependence

* |f we do not include anisotropies in the Energy-momentum
tensor (i.e. = V), the perturbed redshift (at first order) is
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Luminosity distance

* The luminosity distance at first order is

dr(z,02z) = (1+z+462)r
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Perturbative solution

* We separated the potential in temporal and radial parts:
O(7,r) = F(1)G(r)
F(r) =@+ it + for? + fam° + far* + O (7°)
G| gr g O (7“6)

* The I-l component of Einstein’s equations gives and
equation for the temporal part:

F(t) <3H2 (t) + 2H(t)) AHE T EQ) 0



Perturbative solution

* Using the big scale expansion for the scale factor, solutions for the
temporal function are
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Luminosity Distance Expansion

* We expanded the luminosity distance

dr(2) = £ (DY + Diz +Diz2 + 0(2)°)
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Luminosity Distance Expansion

* We expanded the luminosity distance

dr(2) = £ (DY + Diz +Diz2 + 0(2)°)
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Luminosity Distance Expansion

* We can compare with standard local luminosity distance

d%td(z) = % (D%Std - Di’Stdz . D%Stsz . O(z)?’)
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First results and conclusions

e Planck Data

He 674 L 05 kmis Mpe . g — U525 30 — |

 Local Data
H° = (73,24 + 1.74) km/s/Mpc

e Qur parameters are
Q(%O((I)Oaflag%gzl) and j(%lo(q)07f17927g4)



First results and conclusions

* |If we impose a local void of
Qs voia = (—0.30 £ 0.15)€,,,

* There Is no solution compatible with A CDM model.

* We are exploring the space of parameters for
compatible solutions.



Final conclusions

* Local density perturbations could reconcile the Hubble tension
between local and cosmological measurements of the Universe
expansion.

* The temporal evolution is important because from redshift z=0.15
until now elapse approx 2 Gyrs. This is enough time for photons
to feel the temporal evolution of the potential due to the local void.

 When constraining local cosmological parameters with Planck
results, we found that neither A CDM nor A(w) CDM could
solve the Hubble tension.

Thank you!
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