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This talk is based on...

o Update on coupled dark energy and the H; tension
A. Gémez-Valent, V. Pettorino and L. Amendola.
Phys. Rev. D, 101, 123513 (2020) [arXiv:2004.00610]

@ Running vacuum against the Hy and og tensions
J. Sola Peracaula, A. Gémez-Valent, J. de Cruz Pérez and C.
Moreno-Pulido
Europhys. Lett., 134, 19001 (2021) [arXiv:2102.12758]
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0 Coupled quintessence
@ The basics. Background dynamics
@ P(k) and CMB temperature anisotropies
@ Data and statistical analysis
@ Results

© Ricci Running Vacuum Models
@ Basic equations
@ Results for the RRVM

© Conclusions
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Coupled quintessence
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Lagrangian density for the dark sector:

Laark = —0u00"p — V(¢) — m(¢)t) + Lin[¢)]

A. Gémez-Valent (ITP Heidelberg) Constraints on DM-DE interactions 5/24



Lagrangian density for the dark sector:

Edark = _8“¢8N¢ - V(¢) - m(qﬁ)lZ@/J + Ekin[w]
Modified conservation equations:
. dm __
V‘u T/?V == +Qy ’ V‘u T‘uy — _QV

with
Q, = BrTI"V,¢
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Lagrangian density for the dark sector:

Laark = —0u00"p — V(¢) — m(¢)t) + Lin[¢)]

Modified conservation equations:

_ . dm __
VETS, =4Q, 5 VAT =-Q,
with
Q, = BrTI"V,¢

In a flat FLRW universe:
0V

0o
Pam + 3Hpdm = —BEpdmd’

BKa pam = ¢ +2H¢' + a
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The model is specified once we choose 5(¢) and V(¢).
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The model is specified once we choose 3(¢) and V(¢). In the main analysis

of our paper we used:

8 = const. > 0 ;

V(¢) = Voo™

(witha > 0)

By solving the conservation equation for DM one finds:

Scaling behavior in the MDE, Q4 = 232/3 and q = % + 2.
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Linear perturbations

Equation for the DM density contrast:

tim + (H — B )b — A7 Ga*[pp0h + pamddm(1 + 26%)] = 0
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Linear perturbations

Equation for the DM density contrast:

tim + (H — B )b — A7 Ga*[pp0h + pamddm(1 + 26%)] = 0

If we neglect the contribution of baryons, §pm(a) ~ al+t2%”.
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Linear perturbations

Equation for the DM density contrast:

tim + (H — B )b — A7 Ga*[pp0h + pamddm(1 + 26%)] = 0

If we neglect the contribution of baryons, §pm(a) ~ al+t2%”.
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@ The iSW happens earlier than in the uncoupled scenario, in which
such effect is only relevant after matter-domination.
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@ The iSW happens earlier than in the uncoupled scenario, in which
such effect is only relevant after matter-domination.
@ The coupling affects lensing of CMB by large-scale structure.
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@ The iSW happens earlier than in the uncoupled scenario, in which
such effect is only relevant after matter-domination.

@ The coupling affects lensing of CMB by large-scale structure.

@ The amplitude is suppressed, because of the decrease of pp/pgm at
recombination.
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@ The iSW happens earlier than in the uncoupled scenario, in which
such effect is only relevant after matter-domination.

@ The coupling affects lensing of CMB by large-scale structure.

@ The amplitude is suppressed, because of the decrease of pp/pgm at
recombination.

@ The interaction also shifts the position of the acoustic peaks to larger
multipoles due to the decrease of the sound horizon at the
baryon-drag epoch, which is caused by the increase of the mass of the
DM particles.
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Number of parameters and nested models

Our coupled quintessence model has 9 parameters:
e 6 ACDM parameters (wgm,whp,T,Nns,As,Ho).
o «, ﬁ and d),'n,'.
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Number of parameters and nested models

Our coupled quintessence model has 9 parameters:
@ 6 ACDM parameters (wym,wp,T,ns,As,Ho).
@ «, B and ¢j,;.
and three nested models:
o A\CDM: aa=5=0
@ Peebles-Ratra model: 5 =0
@ Coupled dark energy with flat potential: @ = 0.
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Planck 2018 TT,TE,EE likelihood (P18); when CMB lensing is also
included (P18lens).

Pantheon+MCT compilation of SNla.

Data on BAO from various galaxy surveys.

Data on H(z;) from cosmic chronometers.
SHOES prior on Hy = (74.03 + 1.42) km/s/Mpc.

Angular diameter distances measured with the strong lensed quasars
from HOLICOW.

Redshift space distortions, f(z;)os(z;).
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Occam'’s razor and model comparison
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Occam'’s razor and model comparison

Bayes ratio:
P(CDE[D) _ E(DICDE) _ .
P(ACDM|D) ~ E£(DJACDM) ~ ~CPEA
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Occam'’s razor and model comparison

Bayes ratio:
P(CDE[D) _ E(DICDE) _ .
P(ACDM|D) ~ E£(DJACDM) ~ ~CPEA

Bayesian evidence:

EDIM) = [ L(DIp, M)a()a"p"
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Occam'’s razor and model comparison

Bayes ratio:
P(CDE[D) _ E(DICDE) _ .
P(ACDM|D) ~ E£(DJACDM) ~ ~CPEA

Bayesian evidence:

EDIM) = [ L(DIp, M)a()a"p"

We computed the evidences with the Python code MCEvidence, Heavens
et al. [arXiv:1704.03472].
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Jeffreys' scale

In Bipn >5 Very strong evidence for model i
3<InBipn>5 Strong evidence for model /
1<InBjp>3 Moderate evidence for model i

—1<InBijpa>1 Not conclusive

—3 <In Bjp > —1 | Moderate evidence for model ACDM
—5<In Bjp> -3 Strong evidence for model ACDM
In Bipn > —5 Very strong evidence for model ACDM
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Parameter P18 PI&4BSC  PIB-SHOES+HOLICOW P18+BSC+RSD Pilens+BSC+RSD P184+BSC+SHOES+HOLICOW  Pi8lens+SHOES+HOLICOW

i 01207700014 | 0.1192=0.0008 011727000 0.1187£0.0008 | 0.1191 +0.0007 0.118540.0008 0.1182* 5301
olp? 0.02237+0.00015 | 0.02242* 550019 0.0226275 510 0022537000019 | 0.0225370.000 0.0225315:30011 00225970 %0014
T 0.0538 +0, 0.03327501 0.0394 +0.0074 00501 +0.0052 | 0.052515:9%%2 0.057975 508 0.0637 0000
H 7.7 68.41£0.38 60437072 68641038 68.45+0.34 68,7903 65.99+0.51
PR 098545 205% | 0.9690 = 0.0038 09701709928 | 0.9685+ 0,034 09705+ 0.0034 0.9713+0.0037
o D8164£0.0076 | 0.8104=0.0076 08048:£0.0052 | 0807370008 08120+ 0.0074 0.8160%0.0063
@ <050 0522017 1324018 067551 0.2570% 073505 033704
B 001585007 | 00206750750 0.02947001%0 0015155005 0.0095° 0007 0.020675 17 0.01971500%%
DE — —0.02 ~0.28 —0.58 ~1.56 -0.90 —1.34 ~1.46
It Bepe s 805 ~0.95 757 -6.33 -783 -19 875
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Effect of CMB lensing

I P18lens+BSC+RSD
N P18+BSC+RSD
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Results with exponential potential

What happens if we consider V = Vpe #*? instead of the Peebles-Ratra
potential?

Parameter PI184BSC  P18+SHOES+HOLICOW P18lens+BSCARSD

Hy | 6786755 69.29£0.61 67.6740.62
o5 | 08090TS00 | 0.8097L£0.0086 0.7994 + 00084
| 040 <0163 05470
B 00985y | 000Gy 00167 1o
InBepga | 588 654 53
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Results for the nested models

Parameter ACDM Peebles-Ratra ~ CDE with a =0 CDE
oy 0.1188+00008 | 0118070000 | 011870100 | 0.1187 £0.0008
Q"R 0.0225240.00012 | 0.02257 +0.00014 | 002253+ 0.00011 | 0.02253°% 29019

I 0.0508 2005 | 0.053210500 | 0.0496£0.0047 | 0.0301 £0.0052
Hy km/s/Mpe] 68504034 67.68153% 6855103 68647032

ns 09696+0.0034 | 0.9719£0.0038 | 0.970072%%2 | 0070172902

as 0.8033£0.0057 | 07880100660 | 0.8022+0.0054 | 0.8048 +0.0052

@ - 00964557 067501

i - - 0004015502 | 0.0151H) 007
Xminsi = Xonin A - -1 -1.02 ~1.36

In B, - -167 ~5.14 -833
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Ricci Running Vacuum Model
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Vacuum energy density:

3 v
prac(R) = g ( -+ 12R)
with

pdm + 3dem = _pvac .
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Vacuum energy density:

3 v
prac(R) = g ( -+ 12R)
with

pdm + 3dem = _pvac .

We can solve the system and obtain:

_ . 1 _
pam(3) = ppa > =pha™> 1 puac(a) = ploct (5 - 1> o (a7 - 1)

where £ =1 — %+ O(1?).
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GR-ACDM
type-l RRVM
type-l RRVMy,.
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Baseline + Hy

Parameter Tyoo IRRVM | type | RRVMupe. | fype 1 REVM BD-ACDM
Hy (km/s/Mpc) 687770 68.1470 7
w 0.0223870- 00020 0
i 0116517000
Vet - ~0.00005 isg n | D000 o N
3D - - - - ~0.00130£ 77 S0
G - - - 0938y | 08T
¢0 - - - 093070 22 09197 TE |
Trsio 0.05075 007 0.04970 008 0.05870 000 0.052 £ 0.008 00524 0.008
e 09718 o | 00714 £0.0046 | 097N 0| aesesT o | 0980T
o 07940007 | 079540013 | 077040010 | 0794700 07970
S5 07T | 0780£0013 | 072040011 | 0761 yon T
v (Mpe) 4791 1479470 173 143.007 5% 20
i 230214 230190 288,82 2296.3% 2295.36
ADIC - 236 1088 i) 5
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Conclusions

@ We have shown updated constraints on two models with interactions
between cold dark matter and the component in charge of the current
acceleration of the universe.
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Conclusions

@ We have shown updated constraints on two models with interactions
between cold dark matter and the component in charge of the current
acceleration of the universe.

® pdm(zdec) is very strongly constrained by the CMB data. This limits
the ability of these models to alleviate the cosmological tensions.
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Conclusions

@ We have shown updated constraints on two models with interactions
between cold dark matter and the component in charge of the current
acceleration of the universe.

® pdm(zdec) is very strongly constrained by the CMB data. This limits
the ability of these models to alleviate the cosmological tensions.

@ The mass of the DM particles is restricted to be
m(ajni)/m(a=1) —1 < O(1)% in the CDE model.
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Conclusions

@ We have shown updated constraints on two models with interactions
between cold dark matter and the component in charge of the current
acceleration of the universe.

® pdm(zdec) is very strongly constrained by the CMB data. This limits
the ability of these models to alleviate the cosmological tensions.

@ The mass of the DM particles is restricted to be
m(ajpi)/m(a=1) — 1< O(1)% in the CDE model.

@ Applying Occam'’s razor we conclude that ACDM is preferred by the
current cosmological data.
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@ If the interaction in the dark sector is activated at later times, e.g.
around z ~ O(1) there can be interesting consequences, as the
alleviation of some tensions.
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@ If the interaction in the dark sector is activated at later times, e.g.
around z ~ O(1) there can be interesting consequences, as the
alleviation of some tensions.

@ It is also curious to see how some regions of parameter space in CDE
with a significant late-time DE dynamics and non-negligible
interactions with DM give rise to a phenomenology almost
indistinguishable from the ACDM.
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Thanks for your attention!
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