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DISCLAIMERS



1) THIS TALK WILL COVER ONLY A PART OF MY WORK AT GGI

PAPERS AND TOPICS I’VE BEEN WORKING ON THIS YEAR:

1. arXiv:2210.14159 [pdf, other]
Towards a reliable calculation of relic radiation from primordial gravitational waves

Authors: William Giare, Matteo Forconi, Eleonora Di Valentino, Alessandro Melchiorri

2. arXiv:2210.09865 [pdf, other] gr-qc
Revealing the effects of curvature on the cosmological models

Authors: Weigiang Yang, William Giare, Supriya Pan, Eleonora Di Valentino, Alessandro Melchiorri, Joseph Silk

OCTOBER ==  3.arXiv:2210.09018 [pdf, other]
Harrison-Zel'dovich spectrum gets back?

Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri

4. arXiv:2209.14054 [pdf, other]

Quantifying the global "CMB tension" between the Atacama Cosmology Telescope and the Planck satellite in extended
models of cosmology

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk

SEPTEMBER ==  5.arXiv:2209.12872 [pdf, other] @B 10.1103/PhysRevD.106.103506

Health checkup test of the standard cosmological model in view of recent Cosmic Microwave Background Anisotropies
experiments

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk

MAY —— 6. arXiv:2205.07849 [pdf, other] hep-ph  ({EIl] 10.1088/1475-7516/2022/09/022

Cosmological Bound on the QCD Axion Mass, Redux

Authors: Francesco D'Eramo, Eleonora Di Valentino, William Giare, Fazlollah Hajkarim, Alessandro Melchiorri, Olga Mena, Fabrizio Renzi, Seokhoon Yun

MARCH == 7.arXiv:2203.06142 [pdf, other] hep-ph  [El] 10.1016/).jheap.2022.04.002

Cosmology Intertwined: A Review of the Particle Physics, Astrophysics, and Cosmology Associated with the Cosmological
Tensions and Anomalies
Authors: Elcio Abdalla, Guillermo Franco Abellan, Amin Aboubrahim, Adriano Agnello, Ozgur Akarsu, Yashar Akrami, George Alestas, Daniel Aloni, Luca

Amendola, Luis A. Anchordoqui, Richard I. Anderson, Nikki Arendse, Marika Asgari, Mario Ballardini, Vernon Barger, Spyros Basilakos, Ronaldo C. Batista, Elia
S. Battistelli, Richard Battye, Micol Benetti, David Benisty, Asher Berlin, Paolo de Bernardis, Emanuele Berti, Bohdan Bidenko , et al. (178 additional authors )




1) THIS TALK WILL COVER ONLY A PART OF MY WORK AT GGI

2) THIS TALK IS SET UP TO REACH A BROAD AUDIENCE

SOME PARTS MAY SOUND VERY TRIVIAL FOR EXPERTS IN COSMOLOGY!
(SORRY IN ADVANCE!)



1) THIS TALK WILL COVER ONLY A PART OF MY WORK AT GGI

2) THIS TALK IS SET UP TO REACH A BROAD AUDIENCE

SOME PARTS MAY SOUND VERY TRIVIAL FOR EXPERTS IN COSMOLOGY!
(SORRY IN ADVANCE!)

3) THE TIME-SLOT IS SHORT, | WILL SKIP TECHNICAL DETAILS

SO, DO NOT HESITATE TO ASK QUESTIONS!



INTRODUCTION



LAMBDA COLD DARK MATTER (ANCDM) COSMOLOGY

BUILDING BLOCKS

GENERAL RELATIVITY
TO DESCRIBE GRAVITATIONAL INTERACTIONS

STANDARD MODEL
TO DESCRIBE FUNDAMENTAL INTERACTIONS

INFLATION
TO EXPLAIN SPATIAL FLATNESS, HOMOGENEITY ON LARGE SCALES AND
INHOMOGENEITIES ON SMALL-SCALES.

CoLD DARK MATTER

TO FACILITATE STRUCTURE FORMATION AND EXPLAIN THE
OBSERVATIONAL EVIDENCE FOR A MISSING MASS IN THE UNIVERSE

DARK ENERGY (COSMOLOGICAL CONSTANT N)
TO EXPLAIN THE LATE TIME ACCELERATED EXPANSION OF THE UNIVERSE




CoOosSMIC MICROWAVE BACKGROUND RADIATION
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68% CL CONSTRAINT ON THE HUBBLE PARAMETER FROM DIFFERENT COSMOLOGICAL PROBES

SNOWMASS COLLABORATION, [ARXIV: 2203.06142]

CMB with Planck -

Balkenhol et al. (2021), Planck 20184 SPT+ACT : 6749+ 0.5 -
Pogosian et al. (2020), eBOSS+Planck mH2: 69.6 + 1.8 -
Aghanim et al. (2020), Planck 2018: 67.27 = 0.60 -

Aghanim et al. (2020), Planck 20184+ CMB lensing: 67.36 = 0.54 -
Ade et al. (2016), Planck 2015, HO = 67.27 = 0.66 -

Dutcher et al. (2021), SPT: 688 + 1.5

Aiola et al. (2020), ACT: 67.9 + 1.5

Aiola et al. (2020), WMAP9+ACT: 67.6 + 1.1
Zhang, Huang (2019), WMAP9+BAO: 68.36*023
Henning et al. (2018), SPT: 713 £ 2.1

Hinshaw ct al. (2013), WMAP9: 70.0 + 2.2
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IN THE LAST YEARS, SOME TENSIONS (HUBBLE, Ss ) AMONG HIGH AND LOW
Zhang et al. (2021), BOSS correlation function+ BAO+BBN: 68.19£0.99 - ——
T B eBEN. caa1en s . - Paay REDSHIFT OBSERVATIONS ARE QUESTIONING THE VALIDITY OF THIS
—c—
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——r

D' Amico et al. (2020), BOSS DR12+4BBN: 68.5 +2.2 -
Colas et al. (2020), BOSS DR12+BBN: 68.7 £ 1.5 -
Ivanov et al. (2020), BOSS+BBN: 67.9 £ 1.1 -

Alam ct al. (2020), BOSS+c¢BOSS+BBN: 67.35 £ 0.97 -

Philcox ct al. (2021), P+Bispectrum+BAO+BBN: 68.31+(-§2 -
STANDARD SCENARIO...

CMB lensing -
Baxter et al. (2020): 73.5+53 -
Philcox et al. (2020), Py(k)+CMB lensing: 70.6+3-

LSS t.q standard ruler -
Farren et al. (2021): 69.53:? .

Indirect

"""""""""""""""""""""" Hubble Constant Over Time

L
SNIa—Cepheid - Direct . .
Riess et al. (2022), R22: 73.04 = 1.04 - 00—
Camarena, Marra (2021): 74.30 = 1.45 - [——=0—

Riess et al. (2020), R20: 732+ 1.3 - [=—=0— 80

Breuval et al. (2020): 72.8 £2.7 - I: - i

Riess ct al. (2019), R19: 74.03 = 1.42 - ——
Camarena, Marra (2019): 75.4 + 1.7 - [—0—

SNIa-TRGB -

Dhawan et al. (2022): 76.94 + 6.4 - | -

Jones etal. (2022): 724 £33 - [, =T |
Anand, Tully, Rizzi, Riess, Yuan (2021): 715+ 1.8 - —e—
Freedman (2021): 698 + 1.7 - ]
Kim, Kang, Lee, Jang (2021): 69.5 +4.2 - b - -
Soltis, Casertano, Riess (2020): 72.1 £2.0 - p————]
Freedman et al. (2020): 69.6 £ 1.9 - [———0—]
Reid, Pesce, Riess (2019), SHOES: 71.1 = 1.99 - —

Yuan etal. (2019): 724 +2.0 - _— =
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Cepheids _

SNla—Miras -
Huang ctal. (2019): 733 +4.0 -
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— CMB

SBF -
Blakeslee et al. (2021) IR-SBF w/HST: 733 +25 - ¢ . 2 |
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Cantiello et al. (2018): 719+ 7.1 - [ s q

==

(@)
(@}

Hy [km s™! Mpc™]
\‘I
o

SNII -
de Jacger et al. (2022): 75438 - F L2
de Jacger et al. (2020): 75.8* .

m Cepheids ¢ CMB (Planck, ACT+W) @ TRGB
Pesce ctal. (2020):'}31:5:;; : k ® 60

o o, 0l Fisher - ) . 2000 2005 2010 2015 2020 2025 2030
L 123 ' Year of Publication

Schombert, McGaugh, Lelli (2020): 75.1 £2.8 - i <

HII galaxy -
Fernandez Arenas et al. (2018): 71.0 £3.5 - [,
Wang, Meng (2017): 76.12*34] - I <

L
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Lensing related,mass model dependent -
Denzel et al. (2021): 71.8* :

Birrer et al. (2020), TDCOSMO: 74.st§-

Birrer et al. (2020), TDCOSMO+SLACS: 67.4*

Yang, Birrer, Hu (2020): 73.65*}-

Millon et al. (2020), TDCOSMO: 74.2 +

Qi ctal. (2020): 73.6

Liao et al. (2020): 72.8

Liao etal. (2019): 72.2 +

Shajib et al. (2019), STRIDES: 74.2

Wong et al. (2019), HOLiICOW 2019: 73.3
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... REVEALING EITHER SOME IMPORTANT UNACCOUNTED-FOR SYSTEMATICS IN
4 THE DATA (HUBBLE TENSION NOW AT 5 SIGMAS) OR THE NEED FOR NEW
d B PHYSICS BEYOND ACDM
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Mukherjee et al. (2022), GW170817+GWTC-3: 67*%-
Abbott et al. (2021), GWTC-3: aajg

= oeiss

Palmese et al. (2021), GW170817: 72.77*

Gayathri et al. (2020), GW1905214GW170817: 73.4+
Mukherjee et al. (2020), GW170817+ZTF: 67.6+
Mukherjee et al. (2019), GW170817+VLBI: 68.3*
Hotokezaka et al. (2019): 70.3*
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Cosmic chronometers -
Moresco et al. (2022), flat ACDM with systematics: 66.5 + 5.4 - b
Moresco ct al. (2022), open wCDM with systematics: 67.8+5-7 k
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https://arxiv.org/abs/2203.06142

NOT ONLY HO: TENSIONS AND ANOMALIES IN COSMOLOGY

HUBBLE PARAMETER (Ho)

Some intriguing cosmological tensions and anomalies

~ TENSION BETWEEN CMB AND LOCAL MEASUREMENTS

Alens > |

MATTER CLUSTERING (Qnw/ 08/ Ss)

S — tension

-~ TENSION BETWEEN CMB AND WEAK LEASING SURVEYS

Qk<0

LENSING AMPLITUDE (A ens) AND CURVATURE (Qk)

-~ MODERATE PLANCK PREFERENCE FOR HIGHER LENSING AMPLITUDE AND CLOSED
UNIVERSE Ooc 1l 20 30 40 50

H, — tension

EARLY UNIVERSE RADIATION (Neff) Negr < 3

- MILD ACT PREFERENCE FOR THE NEUTRINO MASS AND Nefi<3
a; > 0

> mv>0

RUNNING(S) OF INFLATIONARY SPECTRAL INDEX (Os)

- SLIGHT ACT PREFERENCE FOR A RUNNING OF THE SPECTRAL INDEX (s >0




OUR AIM

TESTING ACDM TESTING NEW PHYSICS

MORE PRECISE OBSERVATIONS WILL OFFER US THE POSSIBILITY TO
USE COSMOLOGY AS A LABORATORY TO TEST FUNDAMENTAL PHYSICS

WE CAN RELAX SOME ASSUMPTIONS OF ACDM AND INTRODUCE
ADDITIONAL PARAMETERS

A CDM + Z P; EXTENSIONS TO GR

MODIFIED GRAVITY THEORIES ABLE TO CAPTURE THE UNDERLING
PHENOMENOLOGY OF THE EARLY AND LATE TIME UNIVERSE.

pi € {Q . dn/dlogk Ny, Y m,, ...]

OR EVEN DIFFERENT PARAMETERIZATIONS FOR THE DARK SECTOR
EXTENSIONS TO SM

X CDM EXTENSIONS TO THE SM WITH ADDITIONAL SPECIES/ DM CANDIDATES

X e A, Wy, WgW,, ...}




RESULTS

MAINLY BASED ON:

arXiv:2210.09018 [pdf, other]
Harrison-Zel'dovich spectrum gets back?

Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri

arXiv:2209.14054 [pdf, other]

Quantifying the global "CMB tension" between the Atacama Cosmology Telescope and the Planck satellite in extended
models of cosmology

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk

arXiv:2209.12872 [pdf, other] QB 10.1103/PhysRevD.106.103506

Health checkup test of the standard cosmological model in view of recent Cosmic Microwave Background Anisotropies
experiments

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk




DATA

PLANCK 2018 (TT TE EE)

TEMPERATURE AND POLARIZATION LIKELIHOOD WHICH ALSO
INCLUDES LOW MULTIPOLE DATA (L < 30)

ATACAMA COSMOLOGY TELESCOPE (ACT)

DR4 LIKELIHOOD FOR TEMPERATURE AND POLARIZATION SPECTRA

SOUTH POLE TELESCOPE (SPT)

SPT3G TE LIKELIHOOD

WMAP

9-YRS OBSERVATIONS, ALWAYS COMBINED WITH ACT OR SPT




MODELS

XCDM + Y p; € {Q,, Nz, > m,,dn/dlogk}
Xe{A,w)

CURVATURE (Qk)

WE EXPLORE CURVED BACKGROUND GEOMETRIES PARAMETRIZED BY
THE CURVATURE DENSITY PARAMETER

INFLATION (0Os )
WE RELAX WE RELAX THE ASSUMPTION OF SCALE-INVARIANT PRIMORDIAL

PERTURBATIONS BY INTRODUCING A RUNNING OF THE SPECTRAL INDEX (s

NEUTRINOS (My) AND EARLY UNIVERSE RADIATION (Neff)

WE CONSIDER NEUTRINOS AS MASSIVE PARTICLES, AS ROBUSTLY
INDICATED BY OSCILLATION EXPERIMENTS

WE CHANGE THE AMOUNT OF RADIATION IN THE EARLY UNIVERSE BY
THE EFFECTIVE NUMBER OF RELATIVISTIC PARTICLES

DARK ENERGY (W)

WE RELAX THE ASSUMPTION W = WA= —1 FOR DARK ENERGY EQUATION OF STATE




EXPANSION RATE

Tension with SHOES
Planck (TT TE EE)

wCDM + =@ ACT (+WMAP)
wCDM + Qi + Y. m,

ACDM + Q; + va

wCDM + Q) + > m, + Negt

ACDM

wCDM + Z m, + chf + o

wCDM + Qi + > my, + Neg

wCDM + Q; + ) m, + a
wCDM + Q) + Negr + o

MORE DETAILS IN:

arXiv:2209.12872 [pdf, other] @B 10.1103/PhysRevD.106.103506
Health checkup test of the standard cosmological model in view of recent Cosmic Microwave Background Anisotropies experiments

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk




SPATIAL GEOMETRY

Evidence for a closed Universe
Planck (TT TE EE)

== ACT (+WMAP)

wCDM + Qk

wCDM + Q;, + Z m, ACDM + € + Z my,

wCDM + Q. + Z my + Negt 2o 30 ACDM +

wCDM + Q + Y. m, + a; wCDM + Q. + > m, + Negr + a;

wCDM + Q) + Negr + a;

MORE DETAILS IN:

arXiv:2209.12872 [pdf, other] @B 10.1103/PhysRevD.106.103506
Health checkup test of the standard cosmological model in view of recent Cosmic Microwave Background Anisotropies experiments

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk




INFLATION
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MORE DETAILS IN:

arXiv:2210.09018 [pdf, other]
Harrison-Zel'dovich spectrum gets back?

Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri




INFLATION
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Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri
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INFLATION
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MORE DETAILS IN:

arXiv:2210.09018 [pdf, other]
Harrison-Zel'dovich spectrum gets back?

Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri
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arXiv:2210.09018 [pdf, other]
Harrison-Zel'dovich spectrum gets back?

Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri




INFLATION

B Planck
Bl ACT (+WMAP)
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MORE DETAILS IN:

arXiv:2210.09018 [pdf, other]
Harrison-Zel'dovich spectrum gets back?

Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri




RADIATION ENERGY-DENSITY

=== N = 3.044 (SM) ® ACT+WMAP
@ Planck (TT TE EE) ® SPT+WMAP
: o !
WCDM + Qg + D> my + Negr + as | | @ : :
——
: O :
|
: o :

WCDM + > my, + Nefr + as : @ : |
—6— E
WCDM + Qg + 2 my + Negr 00— :

1 1 1 T 1 I 1 T
1.75 2.00 2.25 250 2.75 3.00 3.25 3.50

Neff

MORE DETAILS IN:

arXiv:2209.12872 [pdf, other] BB 10.1103/PhysRevD.106.103506

Health checkup test of the standard cosmological model in view of recent Cosmic Microwave Background Anisotropies experiments
Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk




QUANTIFYING THE GLOBAL “CMB” TENSION BETWEEN ACT AND PLANCK

wCDM
ACDM + Q;
ACDM + ) m, '
ACDM + N
ACDM + «a;
ACDM -+ AIL‘IIS
wCDM + Q;
ACDM
Oo 1o 20 30 40

ACDM + Q; + ) m,
wCDM + Qi + ). m, + Negr + a;

wCDM + Q; + ) m,
wCDM + Z m, + Negt + o

wCDM + Q. + Y. my + Negy
wCDM + Q) + Negr + a;

wCDM + Qi + ). my + a;

MORE DETAILS IN:

arXiv:2209.14054 [pdf, other]
Quantifying the global "CMB tension" between the Atacama Cosmology Telescope and the Planck satellite in extended models of cosmology

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk




TAKE-AWAY SUMMARY

THE SITUATION IS QUITE INTRIGUING AND NOT COMPLETELY CLEAR

- PLANCK DATA SHOW A PREFERENCE FOR A CLOSED UNIVERSE, ACT AND SPT (+WMAP) DON’T
~ ACT IS IN 3 SIGMA TENSION WITH PLANCK ABOUT THE VALUE OF THE SPECTRAL INDEX OF INFLATIONARY PERTURBATIONS

- ACT (+ WMAP) GIVES A 3 SIGMA INDICATION FOR A RUINING OF THE SPECTRAL INDEX WHILE PLANCK DOESN’T

- ACT (+ WMAP) DATA PREFER LESS RADIATION W.R.T. THE SM, PLANCK AND SPT (+WMAP) ARE IN AGREEMENT WITH Neff =3.04

- ACT GIVES A 3 SIGMA PREFERENCE FOR EARLY DARK ENERGY WHILE PLANCK DOESN’T

CMB EXPERIMENTS ARE IN MODERATE DISAGREEMENT

-~ ACT AND PLANCK ARE IN TENSION AT 2.6 STANDARD DEVIATION WITHIN THE STANDARD COSMOLOGICAL MODEL

~ THIS TENSION IS NOT REDUCED IN EXTENDED MODEL OF COSMOLOGY

OBSERVATIONAL SYSTEMATICS OR NEW PHYSICS BEYOND ACDM?

OUR ANALYSIS IS NOT CONCLUSIVE, BUT IT REVEALS INTRIGUING HINTS THAT NEED FURTHER INVESTIGATIONS.
PRECISE CMB MEASUREMENTS FORM NEXT-GEN EXPERIMENTS MAY HELP

THANK YOU FOR THE ATTENTION



BACKUP SLIDES



ACT ANOMALIES IN ACDM

ACT
ACT ACT+WMAP ACT
ACT+WMAP ACT+WMAP
ACT+WMAP+ext
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 —0.05 0.00 0.05 0.10 0.15 0.20

N st >m,[eV] dn</dInk

Simone Aiola et al JCAP12(2020)047



INFLATION

/

Q. ) /
0.95 1.00 1.05
0.0235 : 0.0235
B Planck (£ > 650)
0.0230 - Bl Planck (£<650) | 0.0230
B ACT
0.0225 - ; 0.0225
. 0.0220 0.0220
QO
C 0.0215 - 0.0215
0.0210 - . 0.0210
0.0205 - § 0.0205
0.0200 | i . 0.0200
0.95 1.00 1.05 [P/Pmax]

MORE DETAILS IN:

arXiv:2210.09018 [pdf, other]
Harrison-Zel'dovich spectrum gets back?

Authors: William Giare, Fabrizio Renzi, Olga Mena, Eleonora Di Valentino, Alessandro Melchiorri




NEUTRINOS

Mass of neutrinos Planck (TT TE EE)
== ACT (+WMAP)
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MORE DETAILS IN:

arXiv:2209.12872 [pdf, other] @B 10.1103/PhysRevD.106.103506
Health checkup test of the standard cosmological model in view of recent Cosmic Microwave Background Anisotropies experiments

Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk
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MORE DETAILS IN:

DARK ENERGY
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arXiv:2209.12872 [pdf, other] BB 10.1103/PhysRevD.106.103506

Health checkup test of the standard cosmological model in view of recent Cosmic Microwave Background Anisotropies
Authors: Eleonora Di Valentino, William Giare, Alessandro Melchiorri, Joseph Silk

THE DIFFERENT CMB DATA POORLY CONSTRAIN THE
DARK ENERGY EQUATION OF STATE IN EXTENDED
PARAMETER-SPACES AND, BECAUSE OF THE LARGE
ERROR-BARS, THE RESULTS ARE TYPICALLY
CONSISTENT WITH A COSMOLOGICAL CONSTANT

COMBINING THE CMB DATA WITH BAO
MEASUREMENTS THE CONSTRAINTS USUALLY
SHRINK AROUND w=-1

CONSIDERING PANTHEON IN COMBINATION WITH THE
CMB DATA, FROM PLANCK AND ACT WE OBSERVE A
MILD PREFERENCE FOR PHANTOM DARK ENERGY (W
< —1) AT A STATISTICAL LEVEL RANGING BETWEEN

1.50 AND 2.50
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WCDM + D my + Nefr + as
WCDM + Qg + > my, + Neg
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MATTER CLUSTERING PARAMETERS

- Planck2018
- ACT (+WMAP)

e

e

0.7
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58 = O'g\/Qm/O.3

1.0

1.1

MATTER CLUSTERING (Ss)

~ THE PLANCK DATA SHOW A SYSTEMATIC PREFERENCE

FOR Ssg = 0.9, IN DISAGREEMENT WITH COSMIC
SHEAR SURVEYS

~ THIS PREFERENCE IS ONLY PARTIALLY SUPPORTED

BY THE ATACAMA COSMOLOGY TELESCOPE AND
SOUTH POLE TELESCOPE DATA THAT, FOR MANY
MODELS, SUGGEST INSTEAD Sg ~ 0.7 — 0.8, IN LINE
WITH COSMIC SHEAR MEASUREMENTS.



WCDM + Qg + > my + Neg + s
WCDM + Qi + Nefs + Qs

WCDM + Qg + > my, + ds
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HOWEVER DIFFERENT VALUES OF Ss OFTEN RECAST
DISCORDANT BEHAVIORS FOR THE PARAMETER 0Os AND
THE MATTER DENSITY Qn

- (Om IS VERY BADLY CONSTRAINED IN EXTENDED
COSMOLOGIES AND WE OBSERVE A SHIFT TOWARDS
HIGHER VALUES FROM ALL THE CMB DATA.

~ THIS SHIFT IS USUALLY COMPENSATED BY A

PREFERENCE FOR SMALLER Os8 IN ACT AND SPT,
BUT NOT IN PLANCK.

-~ INCLUDING BAO AND PANTHEON MEASUREMENTS,
WE INSTEAD RECOVER FAMILIAR VALUES OQn ~ 0.3
AND THUS SMALLER Ss



