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What we (don't) know about our Universe

The ACDM model: dark matter and Inflation (the real “Big Bang”): trick
dark energy or treat?

Credits: NSF Credits: Katie Mack

Most of our Universe is still unknown!
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Big data and big open questions

Deluge of data to tackle big questions and illuminate the dark universe...

COSMOLOGY . ¥ s

Cosmic Microwave Background (CMB)
Large-Scale Structure of the Universe (LSS)
CMB-LSS cross-correlations
Gravitational wave cosmology
Cosmological tests of fundamental physics
Neutrino cosmology
Cosmological probes of the dark sector
Cosmic tensions

&

Astrophysical probes of the dark sector Dark matter (particle) model-building
Planetary probes of fundamental physics Dark energy model-building
Solar physics Experimental probes of the dark sector
Gravitational waves Probing particle physics with black holes
Galaxies as cosmological prabes Neutrino physics (theory and experiments)

Modified gravity models for the dark sector
Black hole shadows
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...yet “standard” approaches have mostly returned empty-handed!

Can we look beyond the lamppost/off the beaten track?

3/11



B-modes from inflation

Primordial gravitational waves imprinted in the CMB polarization
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Pulsar timing arrays

Credits: David Champion

= B vews Q
June 29, 2023: first ever stochastic B
GW background detection! L'universo ci parla: catturato per la

(NANOGrav, EPTA, PPTA, CPTA) D tamtonal o delle onde

Un importante risultato scientifico ottenuto grazie agli sforzi
congiunti di centinaia di scienziati che hanno impiegato
radiotelescopi in diverse parti del mondo

© 2970512023
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Did pulsar timing arrays observe footprints of inflation?

Inflationary interpretation of the stochastic gravitational wave background signal
detected by pulsar timing array experiments

12,0
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2Tvento Institute for Fundamental Physics and Applications (T -INFN, Via Sommarive 14, 35123 Povo (TN), Italy
(Dated: June 30, 2023)
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Maybe, but it would be a very non-standard model for inflation (“blue”
spectrum, low reheating scale)!

= food for particle physicists and for LISA?
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Did inflation really occur?

T ASTRomySiCaL JouRNaL LETTERS, 939,122 (5pp). 2022 Noverer 10 s/ i org/10.3847/2041-821.

(OPEN ACCESS|

The Challenge of Ruling Out Inflation via the Primordial Graviton Backgroune

Sunny Vagnozzi'>© and Abraham Loch’
" Depure i, Via Sommanve 14, 138123 Povo (TN, Iy sy ssgnozs @it
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SV & Loeb, ApJ Letters 939 (2022) L22 log(v/Hz)

VOCE pe. trenminour
"Fondo di gravitoni': lo studio

i ogmoss; OniTa e e

collega Loeb apre una nuova

porta per falsficare il Dubbi sulla nascita del cosmo: nel

paradigma pit accreditato sulla

formazione dell'Universo team anche un ricercatore
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e T dell'universita di Trento
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Si puo escludere linflazione
cosmica?
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Using asteroids to search for dark matter

Journal of Cosmology and Astroparticle Physics

PAPER
Novel constraints on fifth forces and ultralight dark sector
with asteroidal data

Yu-Dai Tsai'23, Youjia W', Sunny Vagnozzi*7 and Luca Visinellis®

Pubished 12 April 2023 - © 2023 10P Publishing Ltd and Sissa Medialab

Journal o Cosmology and Astroparticle Physics, Volume 2023, Apil 2023
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Scientists Want to Use Asteroids to Search for
Hidden ‘Fifth Force’
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Using asteroids to search for dark matter

Fall 2023 will be “asteroid autumn”: return of a sample from Bennu, most

precisely tracked asteroid (radar astrometry to < 2m precision!)

Tsai,

Credits: NASA

Leading constraints on fifth forces and ultralight dark matter from
the OSIRIS-REx mission and ultraprecise asteroid astrometry

Yu-Dai Tsai @3 * Davide Farnocchia @* 1 Marco Micheli @ * Sunny Vagnozzi @%7 % and Luca Visinelli &%

" Department of Physics and Astronomy, University of California, 4129 Frederick Reines Hall, Irvine, CA 92697, USA
Fermi National Accelerator Laboratory (Fermilab), Batavia, IL 60510, USA
®Kauli Institute for Cosmological Physics (KICP), University of Chicago, Chicago, IL 60637, USA
“Jet Propulsion Laboratory (JPL), California Institute of Technology, 4800 Oak Grove Drive, Pasadena, CA 91109, USA
* European Space Agency (ESA) NEO Coordination Centre Largo Galieo Galie 1, 00044 Frascats (RAM) Ity
S Department of Physics, University of Trento, Vi mmarive 14, 38123 Povo (TN), Italy
" Trento Institute for Fundamental Physics and Applications (m 'A)-INEN, Via Sommarive 14, 38123 Povo (TN), Italy
Tsung-Dao Lee Institute (TDLI), 520 Shengrong Road, 201210 Shanghai, P. R a
*School of Physics and Astronomy, Shanghai Jiao Tong University, 800 Dongehuan Road, 200240 Shanghai, P. R. China

Farnocchia, Micheli, SV, Visinelli, in preparation
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Testing fundamental physics with black hole shadows

Classical and Quantum Gravity

ACCEPTED MANUSCRIPT » OPEN ACCESS

Horizon-scale tests of gravity theories and fundamental
physics from the Event Horizon Telescope image of
Sagittarius A*

Sunny Vagnozzi' (9, Rittick Roy?, Yu-Dai Tsai®, Luca Visinelli* (), Misba Afrin®, Alireza Allahyari®,
Parth Bambhaniya’ (3, Dipanjan Dey®, Sushant G Ghosh® (), Pankaj 5. Joshi'®, Kimet Jusufi'"
Mohsen Khodadi'?, Rahul Kumar Walia™* (3, Ali Gvgiin'* and Cosimo Bambi'® ()  Hide full author list
Accepted Manuscript online 26 May 2023 « © 2023 The Author(s). Published by IOP Publishing Ltd
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SV et al., to appear in CQG [arXiv:2205.07787]

Credits: EHT collaboration
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Big data and big open questions

With the deluge of diverse, ultraprecise data reaching us in the upcoming

decade, it is imperative to look beyond the lamppost/off the beaten track
to answer the big open questions about our Universe!

Cosmic Microwave Background (CMB)
Large-Scale Structure of the Universe (LSS)
CMB-LSS cross-correlations
Gravitational wave cosmology
Cosmological tests of fundamental physics
Neutrino cosmology
Cosmological probes of the dark sector
Cosmic tensions
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Astrophysical probes of the dark sector
Planetary probes of fundamental physics
Solar physics
Gravitational waves
Galaxies as cosmological probes

Dark matter (particle) model-building
Dark energy model-building
Experimental probes of the dark sector
Probing particle physics with black holes
Neutrino physics (theory and experiments)
Modified gravity models for the dark sector
Black hole shadows
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