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Cosmological Tensions

[Verde, Treu, Riess: Nature Astron. 3 891 (2019)] [C. Heymans et al.: Astron.Astrophys. 646 (2021)]
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Cosmological Tensions

Interaction between Dark Energy and Dark Matter

[Verde, Treu, Riess: Nature Astron. 3 891 (2019)] [C. Heymans et al.: Astron.Astrophys. 646 (2021)]
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Kinetic Model

Interacting Dark Energy with Kinetic Coupling

L M

2
TP'R+X*V. /+ +Lgy. 19 /

[Barros: Phys. Rev. D 99, 064051 (2019)]
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Kinetic Model

Interacting Dark Energy with Kinetic Coupling

L M

2

TP'R+X*V. /+ +Lgy. 19 /

[Barros: Phys. Rev. D 99, 064051 (2019)]
fi Function ¥. ;X/ - how the field couples to the matter species

fi Purely kinetic power-law coupling given by ¥.X/ = M_'X with V. /=V,e* -Mn

fi Equivalent to a conformally coupled theory with g = f2.X/g
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Kinetic Model

Interacting Dark Energy with Kinetic Coupling
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[Barros: Phys. Rev. D 99, 064051 (2019)]
fi Function ¥. ;X/ - how the field couples to the matter species

fi Purely kinetic power-law coupling given by ¥.X/ = M_'X with V. /=V,e* -Mn

fi Equivalent to a conformally coupled theory with g = f2.X/g

In an FLRW Universe this gives
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Kinetic Model

Interacting Dark Energy with Kinetic Coupling
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[Barros: Phys. Rev. D 99, 064051 (2019)]
fi Function ¥. ;X/ - how the field couples to the matter species

fi Purely kinetic power-law coupling given by ¥.X/ = M_'X with V. /=V,e* -Mn

fi Equivalent to a conformally coupled theory with g = f2.X/g

In an FLRW Universe this gives
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Cosmological observables

fi General enhancement of TT power spectrum (ISW e ect) - degeneracy between H, and

Elsa M. Teixeira Workshop on Tensions in Cosmology ~Corfu Summer Institute on Elementary Particle Physics and Gravity 2022  Corfu, Greece 8th September 2022 4



Cosmological observables

fi Overall suppression of the lensing power spectrum with increasing
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Cosmological Bounds

fi Lower mean values for H, and ¢ in the Kinetic model

fi  constrained to be of order 10™ for all data combinations (all compatible at 68~ C.L.)
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Cosmological Bounds
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fi Lower mean values for H; and ! in the Kinetic model

fi  constrained to be of order 10™ for all data combinations (all compatible at 68~ C.L.)
fi Planck data; prefers the higher mean value of - degeneracies

fi BAO and SN data: slight decrease of the best-fit value of

fi CMB lensing data: even lower central value of - lensing excess
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Cosmological Tensions

fi

fi

f

fi

Opposite correlation between H, and
(positive) - counterbalance the enhancement
of the TT power spectrum for 0

Positive correlation between Sg and ¢

Planck data: S = 0:793.07, for the kinetic
model and Sg = 0:833 , 0:016 for the standard

scenario - apparent easing of the Sy tension

Degeneracy broken by BAO and SN data -
Hubble tension is also still present for all
combinations
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Cosmological Tensions

fi Inclusion of BAO and SN data leads to
narrower constraints on ., and
consequently on H, Sg and as well

fi Anti-correlation between 9 and
®g1* %andw @1*2V_3H?-
cosmological constant like behaviour today
pushes towards smaller values
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Model Selection Analysis

Plk18 Plk18 + BAO + SN Plkl8 + BAO + SN + len

2 *0:9 0:7 1.0

DIC | *0:316 0:7 1:62

fi 92” to assess the favoured model and DIC to quantify the preference
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Model Selection Analysis

Plk18 Plk18 + BAO + SN Plkl8 + BAO + SN + len

2 *0:9 0:7 1.0

DIC | *0:316 0:7 1:62

fi 92” to assess the favoured model and DIC to quantify the preference
fi Better fit to the data for the kinetic model for the Planck data, but not overly significant

fi Slight preference for CDM for other data combinations
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Model Selection Analysis

Plk18 Plk18 + BAO + SN Plkl8 + BAO + SN + len

2 *0:9 0:7 1.0

DIC | *0:316 0:7 1:62

fi esz to assess the favoured model and DIC to quantify the preference
fi Better fit to the data for the kinetic model for the Planck data, but not overly significant
fi Slight preference for CDM for other data combinations

fi BAO and SN data change the fit to the TT likelihood and the CMB lensing data shows an excess
of power - suppression for 0

fi There is no statistical evidence in support for either of the two models

Elsa M. Teixeira Workshop on Tensions in Cosmology ~Corfu Summer Institute on Elementary Particle Physics and Gravity 2022  Corfu, Greece 8th September 2022 10



Conclusions

fi Interaction in the dark sector through a purely
kinetic coupling function £.X/= M X

fi Cosmological constraints on the parameters of the
theory using CMB, CMB lensing, BAO and SN data

fi The Sg tension is apparently alleviated, while the
H, tension is still present for all combinations

fi The parameter is consistently constrained to be
of the order 10™ but non-vanishing at 68% C.L.

fi No clearly statistically favoured model between
CDM and the kinetic model

fi It would still be of interest to consider the kinetic

models for further investigations

[Mlustration Credits: Inés Viegas Oliveira]
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