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The concordance
cosmological
model

» Stars in galaxies: 7%

UNIVERSITA
DI TORINO

mology and astroparticles

n
@)
O
 _—
O
Uy
(@p)
QL
O)
-
(D)
(-
>
wn
©
(-
O
)

Observa




The concordance
cosmological
model

» Stars in galaxies: 7%

* Gas in galaxies and clusters: 93%
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The concordance
cosmological
model

* Ordinary matter: 5%
* Dark matter: 25%

* Dark energy: 70%
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Dark matter (for particle physicists)

Light
Force Carriers

QCD Axions

R-parity
violating

R-parity
Conserving

Theories of
Dark Matter

Axion-like Particles

Solitonic DM

Quark
Nuggets

Littlest Higgs

[Credits: T. Tait

Supersymmetry

Extra Dimensions

Warped Extra
Dimensions

Little Higgs
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Dark matter (for cosmologists)

prim. . evolutioﬁary
FDM Axions (BEC) SIDM
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[Buckley & Peter 2017]
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Dark energy (for astronomers)
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Dark energy (for relativists)
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Correlations 101
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» Cosmological perturbation f(t, x)
[temperature fluctuations, density perturbations, ...]

* Two-point correlation function (f(z,z) f(z,9)) =&rp(2, |2 — yl)

mology and astroparticles
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* Example no. 1: Galaxy correlation function

f(t,x) > Az, x) = ng(2, ) — Mg (2)
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Correlations 101

[Eisenstein et al. 2005]
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Correlations 101
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» Cosmological perturbation f(t, x)
[temperature fluctuations, density perturbations, ...]

* Two-point correlation function (f(z,z) f(z,9)) =&rp(2, |2 — yl)

mology and astroparticles

* Fourier-space power spectrum <f(z7 k) f(z, k) = (27)° o) (k + k') Prs(2, k)
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» Example no. 2: Matter power spectrum

f(t,x) = 0(z,x) =




Correlationlsujlm .

[Planck Collaboration 2018]
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Correlations 101
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» Cosmological perturbation f(t, x)
[temperature fluctuations, density perturbations, ...]

* Two-point correlation function (f(z,z) f(z,9)) =&rp(2, |2 — yl)

mology and astroparticles

* Fourier-space power spectrum <f(z7 k) f(z, k) = (27)° o) (k + k') Prs(2, k)

» Harmonic-space power spectrum ( fgm( ) fg/ (1)) = 5<K) (5(K> C’@f / (2, 2")
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* Example no. 3: CMB temperature power spectrum

T(to,n) — T'(to)
T(to)

f(t,x) — BO(n) =




Correlations 101
[Planck Collaboration 2018]
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Correlations 101
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Cosmological perturbation
[temperature fluctuations, density perturbations, ...|

Two-point correlation function (f(z, ) ,J}Z Y))

Measurements: observational systematics, noise, cosmic variance

26 « |V« 2023
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Data across the spectrum

UNIVERSITA
DI TORINO

26 « |V« 2023

mology and astroparticles

* Radio: SKA Observatory and its precursors/pathfinders (LOFAR, MeerKAT, ASKAP)
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» Optical/near-infrared: Euclid (but also DES, DESI, Roman, Rubin, ...)

* High and ultra-high energies: Fermi-LAT, CTA (and Auger, Telescope Array)




Synergies vs systematics

galaxy cluster

\ =
=

lensed galaxy images

distorted light-rays

Eanh

convergence

shear +
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Radio-optical cosmic shear
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Radio-optical cosmic shear
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Cosmic shear angular power spectrum, C;

104

107°

107

[Brown, SC et al. (2015)]

— DES (5000 deg®)
— SKA-1 (5000 deg®)

Angular multipole, |
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Radio-optical cosmic shear
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Radio-optical cosmic shear
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Radio-optical cosmic shear
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Radio-optical cosmic shear
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[Berardi & SC (in prep.), Ingrao & SC (in prep.)]
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Radio-optical cosmic shear

Total Galaxies
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[Credits: I. Harrison]
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Synergies vs noise
DARK MATTER

dark
_matter 3

LIGHT HEAVY

DARK MATTER

SPARTICLEZ 0 5
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NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky

ermi

Gamma-ray

Space Telescope Credit: NASA/DOE/Fermi LAT Collaboration



Dark matter indirect searches

E* dd/dEJQ [MeV cm™® s sr]

107

10°

[Fornasa & Sanchez-Conde (2015)]

—+—— DGRB energy spectrum (Ackermann et al. 2014)

Foreground system. error (Ackermann et al. (2014)
Blazars (Ajello et al. (2015)

Misaligned AGNs (Di Mauro et al. 2014)
Star-forming galaxies (Tamborra et al. 2014)

Millisecond pulsars (Calore et al. 2014)
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Dark matter indirect

searches
[SC et al. (ApJL 2013)]
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Dark matter indirect searches

[SC et al. (ApJL 2013)
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Dark matter indirect searches

* Bounds from non-detections:

UNIVERSITA
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Clustering of galaxies [SDSS LRGs] x UGRB [Fermi Pass/-reprocessed (76 mths)]

|Shirasaki et al. 2015]

Cosmic shear [CFHTLenS+RCSLenS| x UGRB [Fermi P7r (76 mths), P8 (85 mths)]
|Shirasaki et al. 2014, 2016]

Cosmic shear [Subaru HSC| x UGRB [P8 (85 mths)]

Cosmic shear [CFHTLenS+RCSLenS+KiDS| x UGRB [Fermi P8 (84 rr

[Shirasaki et al. 2018]

ths)]

Troster, SC et al. 2017
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Dark matter indirect searches

1000

(o,v) [107°cm®/s]

100

10

[ Troster, SC et al. (2017)]

|[Fornasa et al. (2016)]
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B Fermi (y—-ray auto—correlation)

Fermi x CFHTLenS+RCSLenS+KiDS

- [De Angelis, SC et al. (2018)]

B Fermix DES-Y1 [forecast]

e—ASTROGAM x Euclid—WL [forecast]
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Dark matter indirect searches

[Ammazzalorso, SC et al. (PRL 2020)]
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* Bounds from detection (@5.30)

e Cosmic shear [DES Y1]

* UGRB [Fermi (108 mths)]|

Dark matter indirect search
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Observational synergies for cosmology and astroparticles

_ A(den) i A(Vel) _I_A(len) n A(rel

[Yoo (2009): Bonvin & Durrer (2010);
Challinor & Lewis (2010)]
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Observational synergies for cosmology and astroparticles

_ A(den) 4 vel) _I_A(len) 4 A(rel)

(RSD) DA(DOP)
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Doppler in galaxy power spectrum

IRN

- o .af
A(k) = Ierf,u +1fk'u (k)
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Magnitude of Doppler -

A

[MacDonald (2008);
Abramo & Bertacca (2017)]

Growth rate

Observational synergies for cosmology and astroparticles

Cosine of anglelA(-lA'

(Linear) galaxy bias

(Radial comoving) distance to source
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Doppler in galaxy power spectrum
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Doppler in galaxy power spectrum

OD [Montano & SC (in prep.)

107 -

fary=0.33 all
fsxy=0.5 all
foxy=0.75 all
fsxy=1.0 all
fsy=0.33 bright
fsxy=0.5 bright
fsxy=0.75 bright
fsxy=1.0 bright
fsxy=0.33 faint
fsxy=0.5 faint
fsxy=0.75 faint
fsxy=1.0 faint
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Doppler in galaxy power spectrum

op [Montano & SC (in prep.)]

4 -
~0— f5y,=0.5

0 5 _
3 —o— fyy=0.75
-9 fsky=1-0
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Conclusions
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* Great time for cosmological synergies at various wavelengths
 Cross-correlations crucial for:

* Cross-checking validity of cosmological results

* Removing/alleviating contamination from systematic effects
le.g. radio-optical cosmic shear]

Observational synergies for cosmology and astroparticles

* Accessing signal buried in noise or cosmic variance
le.g. particle dark matter, relativistic effects]
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