ﬁ Multi-Messenger Astrophysics
AcA

Ecole Doctorale d'Astro
d'ile-de

nomie & Astrophysique
-France

multi-messenger astrophysics &
fundamental physics

Rafael Alves Batista

Sorbonne Universite

Institut dAstrophysique de Paris (IAP)
Laboratoire de Physique Nucléaire et des Hautes Energies (LPNHE)

rafael.alves_batista [at] iap.fr


http://iap.fr

In this lecture...

dark matter
Hubble "tension”
cosmic magnetism
neutrino probes

quantum gravity and fundamental interactions



"it's all connected”

particle interactions cosMmic
kinematics particles

quantum gravity

fundamentat =~ -7 cosmolo
physics —< o

?

photon backgrounds
magnetic fields

cosmic
accelerators



dark matter



b
.

Credits: Linging Gao and Sujie Lin

Positrons

Leptons = Electrons

* O M Neutrmos

Quarks

B \/\/\/\/\/\/\/\/\/\ o
osons

Decay and hadromzatlon pr

WIMPs



super-heavy dark matter

Birth and death of a WIMPZILLA

If superheavy dark matter particles exist, we should be able to detect the products of their decay

13.8 billion years ago Fraction of a second later Today
Ultra-high-enerqy
neutrino

A

Ultra-high-enerqy

COSMIC ray

Intense, fluctuating gravitational The expansion of space during After billions of years a
fields gave birth to superheavy inflation distributed the WIMPZILLA decays, producing
particles just after the big bang WIMPZILLASs through the cosmos a range of detectable particles



the positron fraction and dark matter
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Hubble "tension”



sound horizon-based (ACDM-dependent)

CMB (Planck)
67.4+0.5km/s/Mpc
Planck Collabh. 2020 A&A 641 A6

CMB (WMAP + ACT)
67.6+1.1km/s/Mpc
Aiola et al. 2020 JCAP 12 047

CMB (WMAP + SPT)
68.2+1.1km/s/Mpc
SPT-3G Collab. 2023 Phys. Rev. D 108 023510

Galaxy survey (DESI)
68.53 + 0.80 km/s/Mpc
DESI Collab. 2024 arXiv:2404.03002

SN la luminosity-based (ACDM-Independent)

Cepheids (SHoES/HST)
73.04 £1.04 km/s/Mpc
Riess et al. 2022 ApJL 934 L7

TRGB (CCHP/HST)
69.8 +£ 0.8 (stat) £ 1.7 (syst) km/s/Mpc
Freedman et al. 2019 ApJ 882 34

TRGB (Ahand et al./HST)
71.5+ 1.8 km/s/Mpc
Anand et al. 2022 ApJ 932 15

TRGB (CCHP/JWST)
69.85 £ 1.75 (stat) £ 1.54 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153

JAGB (CCHP/JWST)

Freedman et al. 2024 aerv 2408.06153

Cepheids (CCHP/JWST)
72.05 + 1.86 (stat) + 3.10 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153

| | I I | ! | 1 l
65 66 67 68 69 70 71 72 73 T4 75 76

T r
Ho [km/s/Mpc]

https://cerncourier.com/the-hubble-tension/
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multi-messenger constraints on the Hubble constant
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Data Ho(km s~ Mpc™) Qm
T 65.1799 0.19 £ 0.08 or (< 0.35 (95 %))
(7 < 0.68) 66.0727 < 0.8 (95 %) or (0.3703)
t + BAO(BBN) 66.5757 0.28 + 0.04
(z < 0.68) + BAO(BBN) 69.873 0.34 £ 0.04
BAO(BBN) 73.7 £ 3.7 0.396 4 0.054
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cosmic magnetism
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constraining intergalactic magnetic fields: gamma rays
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strategies

point-like sources will appear extended

time delays from transient sources

"deflection” and/or delay



constraining intergalactic magnetic fields: gamma rays
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multi-messenger (gamma + neutrinos) constraints on IGMFs
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neutrinos
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neutrinos are excellent probes of "stuff”
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Ackermann et al. arXiv:1903.04333



quantum gravity and
fundamental interactions
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fundamental interactions

COSMIC rays strong interaction

photons electromagnetism

neutrinos weak interaction

gravitational waves m
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quantum gravity: phenomenological frameworks

use phenomenological forms for the modified dispersion relation (MDR)
E* = mjc* + p°c” + f(E. )
anomalous thresholds and time delays come from the additional term

. oL
group velocity: Y= —
op
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example: pair production with broken Lorentz symmetry

special relativity Lorentz invariance violation (LIV) = deformed special relativity (DSR)

k k
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