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Cosmic messengers
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Kinesthesia

Body position and movement awareness < integrated info from senses
| ; - I

ark Smith’s workshop in Florence, January 2017

Contact Improvisation dancers at Nancy
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XX Century: multi-wavelength view of the Universe

Radio Infrared Optical X-rays y-rays
VLA Spitzer WFI Chandra Fermi

NRAO/AUI NASA/JPL-Caltech/SST ESO NASA/CXC/CfA/Kraft NASA/DOE/Fermi LAT
Multi-wavelength view of the Centaurus A galaxy
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The Sun: the first multi-messenger source (1960s+)
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SN1987A: the first multi-messenger extra-solar event
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XXI Century: enter gravitational waves
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Gravitational wave sources and detectors
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Made using GWPLOTTER — Moore, Cole & Berry 2014
(see also Bersanetti's, Greco's & Vetrugno's talks) _
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Gravitational wave sources and detectors

10
Stochastic
background
10 SKA (2030)
107
Massive binaries
£ Supermassive
I3 binaries
B 10 LISA Resolvable galactic
2 (2034) oneries v emitter
=
£
% 10 Extreme mass
@ - ratio inspirals ET
.§ allG0 (2035)
o
102
Core collapse
supernovae
10 Pe
v emitter
0%
1010 104 104 10+ 102 10° 102 104 10°

Frequency / Hz
Made using GWPLOTTER — Moore, Cole & Berry 2014
(see also Bersanetti's, Greco's & Vetrugno's talks) _

0. S. Salafia (INAF - OAB / INFN - MiB) The Kinesthetic Universe



Extreme physical conditions

Compact binary mergers & supernovae: strong gravity, supra-nuclear

densities, large magnetic fields, relativistic motion — extreme physics
laboratories
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Compact binary mergers
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NS-NS & BH-NS merger outcomes
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(Adapted from Ascenzi et al. 2021)
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GW170817: the first GW+EM astrophysical event

GW & ~-rays
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Kilonova
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Relativistic jet

(A) Real source image
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GW+~-rays: constraints on gravity/dark energy
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(e.g. Baker et al. 2017)
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Kilonova: r-process nucleosynthesis
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Neutron star struc
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GW170817 equation of state constraints (GW only)

“Tidal deformability” A oc R?/M® — GW obs. constrain radius
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(Abbott et al. 2018)
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GW170817: ‘kinesthetic’ EoS constraint
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(Margalit & Metzger 2017, see also e.g. Radice et al. 2018, Shibata et al. 2019)
Luminosities & colours of red & blue kilonova + expected merger
dynamics — Mpax < 2.2Mg
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GW170817: relativistic jet

(A) Successful jet

projected position

VLBI observations R

(A) Real source image

(B) Choked jet cocoon, 6. =30°
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(Ghirlanda, OS, et al. 2019; see also Mooley et al. 2018)
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‘Kinesthetic' standard siren Hy measurement

Fig. 2: Posterior distributions for Hy.
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‘Kinesthetic' accretion-to-jet efficiency measurement
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v from neutron star mergers: mechanisms

Relativistic jet
Main **photomeson" route to neutrino emission:
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Illustration adapted from Salafia et al. 2020, with input from Paczynski &
Xu 1994, Waxman & Bachall 1997, Murase & loka 2013, Kimura+2018

0. S. Salafia (INAF - OAB / INFN - MiB) The Kinesthetic Universe 2021-09-14



v from neutron star mergers: limits for GW170817

GW170817 Neutrino limits (fluence per flavor: v, +7y)
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A core-collapse supernova in the Milky Way?

—— (k): Best estimate, this paper
e (j): Combination of (f-i), this paper
(i): Rest of Local Group
—_— (h): Andromeda
—_— (9): Milky Way neutrinos
(f): Milky Way optical
— (e): Combination of (a-d)
} +(d): Neutron star birthrate (Keane & Kramer 2008)
| | (c): AI-26 (Diehl et al. 2006)
—_— (b): Extragalactic SN rates (Li et al. 2011)
—— (a): Stellar Birthrate (Reed 2005)
0 2 4 6 8 10
R (100 yr)~!

Rozwadowska, Vissani & Cappellaro 2020
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Kinesthetic view of a core-collapse supernova
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Current & future
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3G detectors: ~10x anticipated improvement (see G. Greco's talk)
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Current & future v detector reach to supernovae
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What can we learn?

Astrophysics

merger remnants

origin of elements and their

. Fundamental physics
cosmic abundances phy

e constraints on theories of gravity
(see W. Del Pozzo's talk)

_ e equation of state of matter at
cosmological parameters supra-nuclear densities

compact binary population e tests of the Standard Model
properties (masses, spins, etc)

relativistic jets

supernova explosion mechanisms

formation channels < binary
stellar evolution
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Backup slides
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Issues with r-process enrichment from mergers alone
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Equation of state — macroscopic properties
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0. S. Salafia (INAF - OAB / INFN - MiB) The Kinesthetic Universe



Core-collapse supernova

Gravitational instability
of stellar core

Shock revival Explosion Explosion and

: nucleosynthesis

Neutrino-
Proto-neutron star driven “wind"
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