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= The history of Science is a history of
tensions between theoretical
predictions and observations

m Astrophysics and Cosmology have
become precision sciences with an
incredibly huge amount of data

= New Tensions appear.
Are we approaching New Physics?
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Mercury perilihneimum - 1859

- The true orbits of planets, even if seen from the SUN
are not ellipses. They are rather curves of this type:
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‘ For the planet Mercury it is
A =43"of arc per century




The Theory of Relativity
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60 years of tension
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Summary of 20t century Observations
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Astrophysics and Cosmology
in the 21st century
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So what do
these new
observations
tell us?



HO tension

= The Universe expands faster than expected!

Constraints on H
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8 Tension

= Less” Matter clustering than expected!

7. billion light-years

Matter Density Fluctuation
Power Spectrum

A different convention:
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Too many galaxies too early!

James Webb space telescope



Cosmic dipole tension!
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The lensing anomaly
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Associated with the Cosmological Tensions and Anomalies

A

Elcio Abdalla.! Guillermo Franco Abellin.? Amin Aboubrahim.? Adriano Agnello.? Ozgiir Alarsu.® Yashar B.
9 George Alestas.!Y Daniel Aloni.!' Luca Amendola.'? Luis A. Anchordoqui!® 1% ¥ Richard C

Nikki Arendse.!” Marika Asgari,''? Mario Ballardini.?**" #2 Vernon Barp,(vr.“ Spyros
Ronaldo C. Batista.?” Elia S. Bat 11i.2%:29 Richard Battye.® Micol Benetti.?!3? David

Benisty % 3:3% Asher Berlin*® Paolo de Bernardis?%?Y Emanuele Berti.” Bohdan Bidenko, ™% Simon Birrer.*¢
John P. Blakeslee.*! Kimberly K. Boddy.*? Clecio R. Bom.** % Alexander Bonilla.*” Nicola Borghi.®:47 Frangois R.
Bouchet.*® Matteo Braglia.**?' Thomas Buchert.” Elizabeth Buckley-Geer.""%? Erminia Calabrese,™ Robert R.
Caldwell,"* David Camarena,"® Salvatore Capozziello,®# Stefano Casertano.’” Angela Chen*$:% Geoff C-F.
Chen.™ Hsin-Yu Chen,™ Jens Chluba.® Anton Chudaykin® Michele Cicoli,® 2?2 Craig J. Copi Fred Courbin !9
Francis-Yan Cyr-Racine % Bazena Czerny. % Maria Dmnutll."‘ 66.67 Guido D'Amico. %% Anne-Christine
Davis.*™* ¥ Javier de Cruz Pérez.™ Jaume de Haro.™ Jacques Delabrouille,”™ ™ ™7 peter B. Denton,™
Subail Dhawan.” Keith R. Dienes.™ ™ Eleonora Di Valentino 3 * Pu Du®! Dominique Eckert.%? Celia
Escamilla-Rivera.® Agnds Ferté® Pablo Fosalba, %37 Wendy L. Freedman.’? Noemi
Frusciante.®® Enrique Gaztanaga 3:* S92 Elena Giusarma, " Adria (,(nnm-\'nh*ut M Will
Handley. ¥ lan Harrison. ™ Luke Hart * Dhiraj Kumar Hazra. 3 \lnu Heavens.” Asta Heinesen,® Hendrik
Hildebrandt.*® J. Colin Hill.*™% Natalic B. Hogg,®™ Daniel E. Holz,52 %19 Deanna C. Hooper,!9? Nikoo
Hosseininejad. '™ Dragan Huterer, 14 1% Mustapha Ishak.'% Mikhail M. Ivanov, ' Andrew H. Jaffe.” In Sung D.
Jang, " Karsten Jedamzik.'® Raul Jimenez, ' 110 Melissa Joseph,!! Shahab lmulnl\l P12 Aare Kamionkowski, E.
Tanvi Karwal.''? Lavrentios Kazantzidis.'"" Ryan E. Keeley.!'* Michael Klasen.* Eiichiro Komatsu. """ " Léon V.E. r
Koopmans. ' Suresh Kumar.!'® Luca Lamagna.®?? Ruth Lazkoz. ' Chung-Chi Lee. 29 Julien Lesgourgues 2! -
Jackson Levi Said.'* 2% Tiffany R. Lewis,!?* Benjamin L'Huillier.'*® Matteo Lucea,'?® Roy Maartens, 2% 127,128
Lucas M. Macri. ™ Danny Marfatin,!® Valerio Marra !31:132:133 Carlos J. A. P. Martins ' 139 Silvia Masi,28:29
Sabino Matarrese, 6 47138139 4 iy gam Mazumdar, ¢ Alessandro Melchiorri 2% Olga Mena'"' Laura
Mersini-Houghton. "2 James Mertens. ' Dinko Milakovie.! 3313214 Yyt Minami.'*® Vivian Miranda!® Cristian
Mareno-Pulido, 7 Michele Moresco.*:47 David F. Mota, ¥ Emil Mottola. Simone Mozzon.'® Jessica Muir %
Ankan l\lukhujm 151 Suvodip Mukberjee. % Pavel Naselsky. "2 Pran Nath.!™ Savvas Nesseris.? Florian
Niedermann, ' Alessio Notari,'™™ Rafsel C. Nunes.!™ Eoin O Colgain, '™ 1% Kayla A. Owens.™ Emre Ovziilker,
Francesco Pace. % 190 Andronikos Palinthanasis, ' 192 Antonella Palmese. ' Supriya Pan.'® Daniela Paoletti$™ 2
Santiago E. Perez Bergliaffa.'%* Leandros Perivolaropoulos. ' Dominic W. Pesce.!%6- 197 Vileria Pettorino. ' Oliver
H. E. Phileox.'%9 197 Levon Pogosian. '™ Vivian Poulin,? Gaspard Poulot * Marco Raveri, '™ Mark J. Reid.!™
Fabrizio Renzi.'™ Adam G. Riess."” Vivian L. Sabla.** Paolo Salucei,'™ '™ Vincenzo Salzano.!™ Emmanuel N. ¢l
Saridakis, * 7177 Bangalore S. Sathyaprakash,!7$:179:94 Martin Schmaltz.!! Nils Schoneberg.!™ Dan Scolnic,'%!
Anjan A. Sen.!82: 133 Neelima Sehgal.'* Arman Shafieloo,!® ML Sheikh-Jabbari.,'%6 Joseph Silk, " Alessandra
Silvestri.'™ Foteini Skara.!® Martin S. Sloth.'¥¥ Marcelle Soares-Santos.™ Joan Sold Peracaula.!®” Yu-Yang
Songsheng *' Jorge F. Soriano, ™' Denitsa Staicova. 9 Glenn D. Starkman,® 7 Istvén Szupndi.w" Elsa M.
Teixeira, ¥ Brooks Thomas, ' Tommaso Treu,® Emery Trott.” Carsten van de Brude 3 J. Alberto Vizquez,
Licia Verde.'3:194 Lyca Visinelli.'® Deng Wang.!® Jian-Min Wang.®! Shao-Jiang Wang.'*" Richard Watkins,!9%
Scott Watson,!™ John K. Webb, ¢ Neal Weiner2® Amanda Weltman " Samuel J. Witte 2 Radostaw
Wojtak.! Anil Kumar Yadav*® Weigiang Yang ™ Gong-Bo Zhao** % and Miguel Zumalacirregui®®”
nstituto de Fisica, Universidade de Sio Paulo - C.P. 66318, C #5315-970. Sde Paulo. Brazl
2 Laboratoire Univers & Particules de Montpellier (LUPM), Université de Montpellier (UMR-5299)

I'nlnu Finelli.

T William Giard

192

Challenges for ACDM Beyond Hy and Sg

The Ajens Anomaly in the CMB Angular Power Spectrum
Hints for a Closed Universe from Planck Data
Large-Angular-Scale Anomalies in the CMB Temperature and Polarization
L. The Lack of Large-Angle CMB Temperature Correlations
Hemispherical Power Asymmetry
Quadrupole and Octopole Anomalies
Point-Parity Anomaly
. Variation in Cosmological Parameters Over the Sky
The Cold Spot
Explaining the Large- Angle Anomalies
Predictions and Future Testability
Summary
Abnormal Oscillations of Best Fit Parameter Values
Anomalously Strong ISW Effect
Cosmic Dipoles
1. The a Dipole
Galaxy Cluster Anisotropies and Anomalous Bulk Flows
Radio Galaxy Cosmic Dipole
QSO Cosmic Dipole and Polarisation Alignments
Dipole in SNIa
Emergent Dipole in Hy
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7. CMB Dipole: Intrinsic Versus Kinematic?

. The Ly-a Forest BAO and CMB Anomalies

1. The Ly-a Forest BAO Anomaly
2. Ly-a—Planck 2018 Tension in n, £,

. Parity Violating Rotation of CMB Linear Polarization

. The Lithium Problem

. Quasars Hubble Diagram Tension with Planck-ACDM

. Oscillating Force Signals in Short Range Gravity Experiments
. ACDM and the Dark Matter Phenomenon at Galactic Scales






Are we approaching a Revolution in Physics?

So can our knowledge of Physics describes all these?

Composition
of the
Cosmos

NO!  We need new physics!



We need to modify something:

The universe content
or
The theory of Gravity



New particles/interactions
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Modified Gravity
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Standard Model vs General Relativity
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f(T) Gravity and f(T) Cosmology

f(T) Gravity: Simplest torsion-based modified gravity

Generalize T to f(T) (inspired by f(R))

1
162G

Equations of motion:

S —

jd“x e [T+ f(T)]+S,

e—la# (eeﬁsg”)(l+ f; )— ef\TﬂpﬂS/j” +e3S570 ,(T) Ty —%e;[l’ + f(T)]= 47zGe§T;{EM}
f(T) Cosmology: Apply in FRW geometry:
el =diag(la,a,a) = ds?=dt*> —a®(t)s;dx'dx’ (notunique choice)

Friedmann equations:
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f(T) Cosmology: Background

= Re-write Firedmann Equation as:

E?(z,t) = Qmo(1 + 2)° + Qo(1 + 2)* + Qroy(z, 1)

with E2(z) = H;(f) — T(Tz)
0
1 i 1

and Qpo=1— Q50— 0,

quantifies the deviation from ACDM
(for f=const. we obtain ACDM)
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f(T) Cosmology: Perturbations

For scalar perturbations:
=S,A+y) , € =35, o(1—¢)

= ds =(1+2p)df —a*(1—2¢)5 dXdX
Obtain Perturbation Equations.
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Solvmg HO and S8 tensions in f(T) Gravity
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f(Q) gravity
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f(Q) cosmology

= Background:

o
thHE-ﬁf = Pm

r r |
(12Hfoq + fo)H = =5 (Pm +Pm).

Q = 6H,

(11)

(12)



f(Q) cosmology

s Perturbations:
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Solving the tensions in f(Q) gravity

. . CerAG. D)
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Take-home message

= i) Astrophysics and Cosmology in the 21st century.

= ii) A huge amount of accumulating data suggest possible tensions with
predictions of our theories.

= iii) New Fundamental Physics and paradigm shift may be the way out.

E.Di Valentino, E. N. Saridakis, A. Riess, = Nature Astronomy (2022)
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Thank you!




