A test of the standard cosmological
model with geometry and growth

Rodrigo von Marttens

COSMO’22, Rio de Janeiro
August 25, 2022

Observatorio
Nacional




zournal of Cosmology and Astroparticle Physics
An IOP and SISSA journal

A test of the standard cosmological
model with geometry and growth

Uendert Andrade,*’ Dhayaa Anbajagane,”%¢

Rodrigo von Marttens,” Dragan Huterer”“¢ and Jailson Alcaniz®

Published: JCAP 11 (2021) 014.






Introduction
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Introduction
Current status of the ACIDM model:

Observational challenges:

1. Ho tension:
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Introduction

Current status of the ACDM model:

Observational challenges:

1. Ho tension:

Recent Published H; Values

L. Verde, T. Treu, A.G. Riess
Nature Astronomy (2019)
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The tension is emphatically not “early vs late” cos-
mology since baryon acoustic oscillations (BAO)
78 distances (together with primordial element abun-
dances [19-21]| or marginalizing over or sidestep-
ping the sound horizon at the baryon drag epoch
22, 23]), i.e. without use of the primordial CMB,
gives the same answer as from the CMB.

Eric V. Linder, arXiv: 2105.02903
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Current status of the ACIDM model:

Observational challenges:

2. Sg tension;
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T. M. C. Abbott et al., Phys. Rev. D 105, 023520
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‘T'esting the limits of the standard cosmological model is a crucial
task to understand whether the ACIDM still holds the status of a
concordance model...

In particular, comparing measurements with gcometric nature with
those describing growth of structure is particularly interesting because
a key signature of many modified gravity theories is a mismatch
between geometry and growth.
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'1'he split technique:

'I'he splitting technique consists in turn a conventional cosmological
parameter into new two meta-parameters: X — {X8e°™m xerowl
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'1'he splitting technique

What can we learn tfrom this test?
I et us define:

row coI11l
AQy = Q5 —Q Aw = ws" — ws™M

Using the splitting approach to perform a parameter selection, the
following conclusions are possible:

*AQyr =0 (and Aw = 0) :
ACDM (or wGDM) 1s consistent with the data;

«AQps #0 (and Aw # 0) :
ACDM (or wGDM) 15 not consistent with the data;

«AQyr =0 (and Aw # 0)
Clustering of the DE component (possibly scale dependent!);
Modified gravity;
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Hybrid quantity

Cosm()logical prObeS Grow quantity

Geom quantity

Cosmic Microwave Background (CMB):

Angular Power Spectrum of the CM B "T'emperature Anisotropy:

@
92 k

O (k,z =0)Pgr (k)
Temperature fluctuations:

0) = / 42" Sp (k. 2')je [kx (2')

St (k,z") : Source function (obtained via Einstein — Boltzmann equations)

Similar for the TE, EE
and lensing spectral!

x (2") : Comoving distance




Hybrid quantity

. Grow quantit
Cosmological probes N —
Weak I ensing (WL):

"' wo-point correlation function:
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Cosmological probes N —
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"' wo-point correlation function:
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Cosmological probes N —
Weak I ensing (WL):

"' wo-point correlation function:
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Convergence power spectrum (Limber approximation):

Pii (1) = /OXH 2y & 009 00 <€+ 1/27X>

X? X

Lensing efficiency function:

3HOQM X /XH / / X/ T X
i (X) = dx n;
qi (x) 00 ). X i (X) .
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Cosm()logical prObeS Grow quantity

Geom quantity

Baryon Acoustic Oscillations and Redshift Space Distortion:

* Transverse BAQO:
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Hybrid quantity

Cosm()logical prObeS Grow quantity

Geom quantity

Baryon Acoustic Oscillations and Redshift Space Distortion:

* Transverse BAQO:
1
Observable = (

e Radial BAO:
D
Observable = —*

r'd
* RSD:
Observable = fog

1ype Ia Supernovae (SN Ia):

Apparent magnitude:




Cosmological probes

Summary:

Cosmological Probe Geometry Growth

SN Ia HyDy (z)

BAO {D(2); Dr(2)}

CMB Jelkx(2)]

Weak lensing d;((zz)) 9i(2)g;(2)

RSD




Results

‘T'he analysis:

Our analysis consists 1n constraining the geometry and growth parameters in the

(extended) ACDM model, and in the (extended) wCDM model

Cosmological data:

Paper

CMB Weak lensing BAO/RSD SN Ia Galaxy clusters
. Planck 2018 KiDS-1000
This work eBOSS DR16 Pantheon
(TTTEEE-+lensing) (COSEBIs)
WMAP3, ACBAR, CTIO
Wang et. al [20] BOOMERanG and CBI (Aperture mass
(TTTEEE) statistic)
Planck 2013

Ruiz & Huterer [21] (Shift parameter and

2dFGRS and
SDSS LRG

CFHTLens 6dFGS, SDSS LRG MaxBCG
(Shear 2PCF 5;3) and BOSS CMASS (Cluster counts)

early universe priors)

6dFGS, SDSS-MGS, Chandra X-ray
Planck 2015 BOSS-LOWZ, and Planck tSZ
(TTTEEE+lensing) BOSS-CMASS
and BOSS-Ly« (08 (
Planck 2018 DES Y1 DES Y1 and
(Shift parameter) (Shear 2PCF 52@) BOSS DR12
Planck 2018 KiDS-1000
Ruiz-Zapatero et. al [24] (Shift parameter and (Band powers

Bernal et. al [22]

Qg
[0

Muir et. al [23]

6dFGS, BOSS DR12

i g and BOSS DR14
primordial power spectrum) spectrum)




Results
(Extended) ACDM model:

Parameter selection

|
BAO/RSD

SN Ia

Weak Lensing
CMB

Joint analysis

- WL doesn’t have enough

power to provide significant
constraints;

« SN la only constraints

geometry contribution;

- BAO/RSD provides significant

constraints in both,
geometrical and growth
parameters,;




Results

(Extended) ACIDM model:

How important is each of the data sets?

One probe at a time REMOVED |
from the Joint analysis

No BAO/RSD
No SN Ia

No Weak Lensing
No CMB

Joint analysis

- Removing WL data doesn’t
affect the final result;

- Removing SN la also doesn’t
affect considerably the final
result;

* Removing BAO/RSD indicates
a deviation in the growth
direction, however, compatible
iIn 10 with the null-hypothesis;




Results
(Extended) wCIDDM model:

Parameter selection

7 L

BAO/RSD

SN Ia

Weak Lensing
CMB

Joint analysis
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Similarly to the (extended) ACDM case, WL and SN la provide the weakest constraints,
and BAO and are the most relevant data sets. The Joint analysis satisfy the null-
hypothesis as well.




Results
(Extended) wCIDDM model:

i Bl No BAO/RSD
Importance of the data sets = NoSNIn
B No Weak Lensing
No CMB

. , B Joint analysi
» Removing WL data doesn’t e

affect the final result;

- Removing SN la also doesn’t
affect considerably the final
result;

- Removing BAO/RSD results in
a 4.20 discrepancy with the
null-hypothesis;

—0.4}




Conclusions and perspectives

l.(Extended) AGDM analysis: all data sets are individually compatible, and the
posteriors for the joint analysis are consistent with the null-hypothesis, showing no
preference for departures from GR;

2. (Extended) wCGDM analysis: the joint-probe posteriors are entirely consistent
with the null. Interestingly, the individual constraints from BAO/RSD pretfer a
deviation for w 1n the growth direction. Removing BAO/RSD from the joint

analysis results 1n an anomalous deviation 1n the geometry direction;

3. The (extended) wGDM can be interpreted as a consequence of the well-
known preference of the GMB data for phantom DE models. However, it might
also indicates a possible signal for a new physics;

4. It 1s possible to apply the split approach to different scenarios with only a
single extra parameter;
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