On the hosts of neutron star
mergers in the nearby Universe

te

Lorenzo Cavallo
~*" PhD student at University of Padovq

PUMA22 | 26-30 September 2022 (Sestri Levante)



Fermi N

Reported 16 seconds
after detection

LIGO-Virgo

Reported 27 minutes after detection

LIGO; Virgo; Fermi; INTEGRAL; NASA/DOE; NSF; EGO; ESA

Lorenzo Cavallo

Counts per second

Frequency (Hz)

The dawn of a new era

Gamma rays, 50 to 300 keV GRB 170817A

1,500

1,000

500

Gravitational—wave strain GW170817
AN W TR A Vi Wi s OF A A A A
l‘v "',’i“\‘“ iy / ‘ "«‘ l“\"' ﬂ" ﬂ(;‘"l‘“x.mr\‘.‘."'l;”‘ Iy “, ':" :"l":\. ;' 1\\;’,' .“x" "vﬁ""drv" .‘(’C
‘\ ¥4 u(\ V) qu.wa" K LGSO IR R ) TNl
300 3 W SRR 1S oL e M Lt L e RN AT
M” 5 "« f MO A BNy VI A
'} ‘A Fc 3 N ',*1 l}. 0 SRy A DY g
; S B 5 R A S
e - bl 1 )
-tP i ‘ﬁ't -
100 &.';. .‘ "-" ,. - o
}".- = » * - - -
- -~

-6 -4 2 0

Time from merger (seconds)

PUMA22

NASA; ESA; N. Tanvir (U. Leicester), A. Levan (U. Warwick), and A. Fruchter and O.
Fox (STScl).

'

b |

Aug 22, 2017 Aug 26, 2017 3 Aug 28, 2017

26-30 September 2022



The dawn of a hew era

Gamma rays, 50 to 300 keV GRB 170817A

Fe 1. 500 [ |

Repo
after

LIC

Repo

Astrophysics

'—'-

TR e

%

e

= Rl

—-e

LIGO; Virgo,; Fermi; INTEGRAL; NASA/DOE; NSF; EGO; ESA

Lorenzo Cavallo

Freque

100

Time from merger (seconds)

PUMA22

NASA; ESA; N. Tanvir (U. Leicester), A. Levan (U. Warwick), and A. Fruchter and O.
Fox (STScl).

The era of multi-messenger

Aug 22, 2017 Aug 26, 2017 Aug 28, 2017

26-30 September 2022



Gravitational Wave Transient Catalog 3 (GWTC-3)
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Where does the r-process occur in the Universe?
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Where does the r-process occur in the Universe?
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Where does the r-process occur in the Universe?

Pian, E., D’Avanzo, P., Benetti, S. et al., Nature 551, 67—70 (2017)
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GW emission Coalescence

Secular Kilonova + GW
evolution + GRBs
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Zero-Age Main 15t Supernova Main Sequence star 2" Supernova .
Sequgence explloosion + Neuciron star explosion Secul_ar Kilonova + GW
evolution + GRBs
\ I/ I :
. ‘ > 00— . e \ . — \ 7\./— — \ /_> %\C
/0 \ \ W ES
GRAVITATIONAL TIME

Depends on the orbital parameters of the
NS-NS system at formation

Depends on the assumption

of the mass range of NS
progenitors

Separation, Total mass, and eccentricity
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Greggio et al. 2021 have developed an analytical DTD for NSM

Slope of the power-law distribution:
f(A) x AP

B =-1 B=-2 p=-3

»
»

BPS models  Giacobbo & Mapelli 2018 Belczynski et al. (2018)

Range of separations:
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With this work we aim to investigate if the demographic of SGRBs can be

used to constrain the main characteristics of the delay time distribution
(DTD) of neutron star mergers (NSMs).
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Log-normal star formation history

_(In t—tg)*

SFR(t, ty, ) = —e 272
( oT) - T

[to, T] from Abramson et al. (2016)
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To do that we first developed

l

MOCK
UNIVERSE

l

composed of a sample of galaxies that fulfils major
observational facts

Mass distribution function
(MDF) observed
for nearby galaxies

Star formation
rate density (SFRD)

Star-forming main
sequence of galaxies

Madau & Dickinson (2014)

Renzini & Peng (2015)

Peng et al. (2015)

Lorenzo Cavallo PUMA22 26-30 September 2022



Lorenzo Cavallo

j SFR(t — 1) fysm (1) dt
0

Fraction of massive stars with the
right characteristics to lead to a NSM

Rysu = Row by Abbott et al. (2021)

R = 3207330 Gpc3yr1
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D(z) = sSFR(z) X ty(2)

Tacchella et al. (2022)

D(z)<1/3 i D(z) >1/3 - » Late-type
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Fraction of NSMs in late-type
galaxies

Total
Late-type

Barly-type

0.0 0.5 1.0 1.5
Cavallo & Greggio 2022 (in prep.) redshift
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Fong et al. (2022) have presented a census of the 90 SGRBs observed
from 2005 to 2021 that have an association with an host galaxy.

GRB150101B GRB200522A
Magellan/IMACS r-band HST/WFC3 F125W

SF: 85.3%

©

FOng et al. (2022) ———— NUgent etal. (2022)

GRB211023B GRB160411A -
Gemini/GMOS i-band Magellan/LDSS r-band Nugent et al. (2022) used spectroscopy and optical and

near-infrared photometry to characterize the stellar
population properties of the host galaxies of SGRBs.

@

~ 85% of the population of
hosts are star forming galaxies
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The fraction of short-GRBs observed in late-type galaxies favors DTDs with a fair fraction of prompt events.

We notice that a similar indication is obtained from chemical evolution models.
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Large
uncertainties

50 R, —===
50 Rg
50 Ry ——
50 Ry
1-50 Ry
Nugent et al. (2022)
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cosmic SFH b= - cosmic SFH
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