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HO: Early time VS late time probes
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» Water masers
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The current tension between Planck and a combination of

independent local measurements is > 5 O



The S8 tension
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Weak lensing surveys prefer a value of Ss = 05(Q,/0.3)*° lower than what
infered by CMB (discrepancy around 2.5 O)



Early DE in a nutshell

Any solution of the tension needs to reduce rs by 7% while

preserving a good fit to CMB data
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The idea of EDE (and many EDE-like models) is to introduce

a transient dark energy component before recombination



Acoustic Dark Energy (ADE)

Lin M.X., Benevento G., Hu W., Raveri M. arXiv:1905.12618

Transient Dark Energy before recombination can increse H(a) and reduce rs consistently

with cosmological probes. We parametrize the e.o.s. as a step function:
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Results for ADE

Lin M.X., Benevento G., Hu W., Raveri M. arXiv:1905.12618
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Preference for ADE found using ACT
CMB data

In a more recent analysis (Lin M.X., Hu W., Raveri M. arXiv:2009.08974)
ADE has been tested using Planck+ACT+SHOES+BAO+Pantheon data.
ADE is still detected at 2.8 O

cADE All -ACT -P18Pol -HO
fo 10.072(0.0680053) 0.081(0.07070021) 0.105(0.11040.030) 0.050(0.02770 09%)
logqgac| -3.42(-3.437502)  -3.50(-3.501006)  -3.41(-3.391000)  -3.42(-3.47703))

Ho | 70.25(70.144+0.82) 70.60(70.19+0.86) 71.38(71.54+1.07) 69.19(68.50°553)

Ss 0.841(0.839+0.013) 0.841(0.839+0.013) 0.846(0.845701%) 0.842(0.833757013)
Axi -0.2 1.5 4.3 1.7
AxXact 1.8 - 4.3 1.0
AXior “11.5 -10.7 -19.4 1.6

H{}CPM| 68.23(68.17+0.38)  68.29(68.22+0.40) 68.30(68.32+0.42) 67.80(67.73+0.39)
SHCPM () 815(0.81840.010) 0.812(0.814-+0.010) 0.814(0.813-£0.011) 0.826(0.827-+0.010)

ADE (as well as other early dark energy models) worsen the S8 tension



Beyond Early Dark Energy?

> The Hubble tension can be effectively relieved by a

transient Dark Energy before recombination

> This phenomenology can be provided by a simple scalar

field model, minimally coupled to gravity

> The shift in other cosmological parameters (mainly the

matter density) leads to worsening of the S8 tension

> Can we find a different mechanism to reduce both the

Hubble tension and S8 tension?



Effective Field Theory of DE and MG

A general framework for modified gravity where we can look
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for possible solt

EFT functions ¢ and A modify the e.o.s. of the scalar field,
Q modifies the effective value of the Planck mass: ME = m%(l +(2)

The remaining functions affect perturbation evolution only

We select models within this class assuming:
- Second order equation of motion
- Standard tensor speed of propagation

- No ghost or gradient instabilities.



Transitional Planck Mass model

Benevento, Kable, Addison, Bennett astro-ph.C0O/2202.09356

The TPM model features a step-like (2 Q%) = (1 — ERF (@ )
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Connection to Horndenski

The TPM model is a pure EFT model: there is no direct correspondence

with a scalar-tensor theory in the most general case.

It can be recasted in terms of Horndenski alpha-functions:
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Phenomenology of TPM

* Step downwards in the Planck mass

* Increase in H(a)
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* Tracks the dominant energy component

of the universe once the scalar field
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* Different parameters affect different

epochs of cosmological evolution



Phenomenology of TPM: perturbations

Departures from general relativity
manifest as changes to the Poisson and
lensing equations:
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* In the f(R) regime y=4/3 and we have

a clear sign that gravity is modified

* The co parameter is important in

setting the late-time behavior
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Data analysis of TPM

* We run MCMC (EFTCosmoMC) with different data configurations:

Baseline dataset: BAO (BOSS DR 12 4+ SDSS main galaxy sample + 6dFGS),
SNe Ia (Pantheon), Planck CMB lensing (in the 8 <L.=< 400 multipole range).

+Planck: Plik Lite 2018 TTTEEE, Planck TT L. = 30, and Planck Low L EE

+ HO from local measurements: We added a gaussian HO prior from local independent

measurements 72.61 * 0.89 (SHOES + Masers + Surface Brightness Fluctuations)
arXiv:2202.09356

+SPT: TE and EE power spectra from SPT 3G over the multipole range 300 = L < 3000

+ DES: DES Y1 cosmic shear, galaxy-galaxy lensing, and galaxy clustering, where non-

linear scales are removed following arXiv:1810.02499

+ fo,: Boss DR 12 measurements of redshift space distortions
arXiv:2307.12174

* We compare results for the TPM, TPM f(R) and for ACDM



TPM results
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EDE-like effect in TPM

* The transition in 2 allows for

larger HO by decreasing rs

* TPM f(R) model must have
larger shift in effective Planck

mass to achieve similar values
of HO as TPM model

* The damping scale increase is a
limiting factor for TPM

performances
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CMB data constrain TPM well
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Testing TPM with — R

I TPM: SPT + Planck TT650TEEE + Base + Hg
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Results: CMB+ Baseline+HO prior

-TPM is able to improve the
fit to this data this data
configuration, consistently
with a solution of the Hubble

tension

Planck data constrain the
amplitude of variation in the

Planck mass more than SPT.
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compensate for a lower

transition amplitude
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Results: Planck + Baseline

Fit To Baseline Likelihood

model ACDM TPM f(R) TPM
-The preference for a _ —
1006mc 1.04107 (1.04099 +0.00029) 104116 (1.04122°000033)  1.04111 (1.0411440.00034)
Transitional Planck Mass is Qi 0.02242 (0.022414+0.00013)  0.02243 (0.02249 +0.00015)  0.02247 (0.02245 +0.00014)
driven by the H, prior Qi 0.11919 (0.119334+0.00091)  0.11896 (0.1 1$9i0,001(}) 0.1 135 (0.119540.0011)
T 0.0592 (0.0574 4+ 0.0073) 0.0575 (0.0566 +0.0077) 0.0484 (0.0528 +0.0075)
In(10'°A,) 3.052 (3.049+0.014) 3.051 (3.048+0.016) 3.029 (3.041 +0.015)
n 0.9677 (0.9666 + 0.0036) 0.9692 (0.9704 4 0.0046) 0.9681 ( 0.9685%) (0ie
o -0.014 (=0.01530015 10.027 (~0.0140*2914
X7 - -4.09 (—4.90 51 -3.59 (-5.054)
xr (95% CL) —4.913 -5.1%13
o - 0.873 (1.50°355) 2.71 (< 1.85)
co - 0 (fixed) -0.0216 (—0.0119*55546y

- When no prior from local

co (95% CL)

~0.01195 5650

0.9945 (0,932 8557

-1.05 (—1.028*4917)

Wrem.o -
measurement is included the Hy 67.72 (67.65+0.41) 68.27 (68.431031) 69.19 (69.225387)
. o3 0.812 (0.8110 = 0.0060) 0.850 (0.873°0031) 0.9099 (0.8530*)051)
Ho tension reduced to 2.8 0 S 0.826 (0.826 +0.010) 0.857 (0.877°0079) 0.903 (0.8494) 0%
Axems 0 0.5 -5.88
AXEMB lensing 0 -0.05 -0.05
Axiao 0 0.23 0.77
AXPatheon 0 -0.05 0.26
Axi 0 0.18 48
Alog,B 0 -3.60 -3.85



Ho

Cosmological tensions in TPM
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TPM model with less Helium

The main effect of varying the helium

fraction is to vary the ionization fraction of

electrons, which directly affects the CMB os|

damping tail.
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Testing TPM with Large Scale Structure

I TPM: Planck TTTEEE + Base + Hp

I TPM: Planck TTTEEE + Base + Hp + fos
I /\CDM: Planck TTTEEE + Base + Hp

B /\CDM: Planck TTTEEE + Base + Hg + fog

The TPM model predicts a slightly higher value of fo, than
ACDM

The addition of BOSS RSD measurements significatly limits
the non-gaussian tail in the S8 posterior, by disfavoring

transitions that happen at later epochs

The overall increase in fo,is disfavored by RSD

measurements at high redshift.
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Results for
TPM with DES .-

T 70
Adding DES Y1 data shrinks the ”
constraint on the S8 parameter and *”
shifts the central value % oo
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the dark matter densisty parameter % ,,
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Conclusions

The mechanisms of Early Dark Energy can be realized by a plethora of

different models, with different phenomenology

We have used the effective field theory to investigate a model where the
faster expansion before recombination is provided by a transition in the

gravitational coupling

CMB, BAO, SNIa data are able to precisely constrain the TPM model
finding a preference for a shift in the effective Planck mass when an H,

prior is included

There exists a sizable parameter space with Hy > 70 and S8<0.8, which is

allowed by a reduction in matter fraction

A treatment of non-linear scales is required for the inclusion of further
LSS data.
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Results summary: Baseline +Planck+ HO dataset

Fit To Baseline +Hy Likelihood

model

ACDM

TPM f(R)

TPM

-Positive evidence for TPM and 1000uc

TPM f(R)in this configuration

- Ho tension reduced to less
than 1.2 ©

- S8 tension slightly worst
than ACDM

- TPM needs a lower change
in Q to get a higher HO
compared to TPM f(R)

1.04131 (1.041264 0.00029)

1.04195 (1.04201 + 0.00035)

1.04154 (1.04163 +0.00037)

Qph? 0.02257 (0.022604 0.00013)  0.02267 (0.02275+0.00015)  0.022649 (0.02261 + 0.00015)
Q. 0.11777 (0.117524 0.00087) 0.1181 (0.11847)0000s) 0.1191 (0.1190 £ 0.0010)
T 0.0621 (0.0631"000%) 0.0602 (0.0616"95012) 0.054 (0.0542 +0.0076)
In(10'°A,) 3.058 (3.058'001%) 3.060 (3.063 £0.016) 3.049 (3.046 £0.016)
n, 0.9698 (0.9712 +0.0037) 0.9805 (0.9808 4 0.0046) 0.9772 (0.9751 +0.0047)
Q - -0.063 (—0.065 £ 0.018) -0.045 (=0.05040.019)
xr - -4.26 (-5.305%) -4.29 (—5.32+9%)
x7 (95% CL) -5.30"12 -5.3*13
o ; 0.82 (0.97"92]) 0.88 (1.04*034)
o (95% CL) <195 <2.12
co - 0 (fixed) -0.0176 (—0.0148*) 902

cp (95% CL)

~0.0148(eq

WTeM.0
H,
ag
Ss
A'X%‘M B
Ay 2cms lensing
Ax %s AO
A X :[i’am theon
Axii,
AX [20[
Alog,,B

68.44 (68.54 + 0.40)
0.810 (0.8090720%9)
0.811 (0.8086 - 0.0099)
0
0
0
0
0
0
0

-0.9735 (—0.9728 £ 0.0072)
70.80 (70.90 +0.76)
0.868 (0.838619.9%)

0.842 (0.813*9:91%)
1.8
0.01
-0.07
0.0
-17.8
-16.68
5.69

-1.0249( ~1.025%0%)
71.38 (71.09 4+ 0.75)
0.854 (0.8531°) (%)
0.825 (0.8264)0%°

-6.29
-0.57
1.67
1.35
-20.06
-23.72
4.93



Testing TPM with CMB-galaxy cross-
correlation
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