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Gamma rays, 50 to 300 keV GRB 170817A

- 1500

e

(o]

(8]

&

€ 1,000

(]

=

=< |

8

500+

Gravitational-wave strain GW170817

N 3001

L

>

Q

=

Q

&

© 100+

= 4
2
6 B -2 0 2

Time from merger (seconds)

Credit: NASA GSFC & Caltech/MIT/LIGO Lab
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MW= The event was detected in the full EM spectrum

y-ray @ .
Fermi, INTEGRAL. Astrosat, IPN, Insight-HXMT, Swét, AGILE, CALET H.E.S.S. HAWC. l!(anus-hl'nd “ “! I ] | I I lI | ] fro m ga m m a - ra y to ra d I O .
X-ra @

Swift, MAXIGSC, NuSTAR, Chandra, INTEGRAL

uv *—o—

Swift, HST

Optical e PN

Swope, DECamn, DLT40, REM-ROS2, NST Las Cu'ul.vea SkyMapper, VISTA, MASTER, Mags! /u’EB‘/ \ \

HCT, TZAC, LSGT, T17, Gaminl-South, NTT, GROND, SOAR, ESO-VLT, KMTNat, ESO-VST VIHY SAlT LHILES TOROS,

BOOTES-5, Zadko, iTelescope Nel, AATPudmes«vAsmzATus Danish Tel, DFN, T3S, EABA = l"ll l Ill! Il I H l“ l | \ l
/ ! 4

REM-R0S2, VISTA, Gemink-South, 2MASS Spitzer, NTT, GROND, SOAR, NOT, ESO- VLlf'Gnaln Telescope, HST

G ML Lnupinm nid
Radio 7 \ ol

-
ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, L'l/l&lﬁM OVAO, EVN, e-MERLIN, MoarkKAT, Parkes. SAT, Effelsberg

e m\nu VT IR R

-100 -50 050 102 10" 100 10
_HES) t-t. (days) \
A \
1M2H Swope VISTA Chandra El
I
_

# : . " TR
10.86h i n|[11.24h VK| 8d  Xray
MASTER Las Cumbres R, - TIN5 {

L |
) - » » ® . ‘
. . ' ‘
¥ A ’ \
11.31h, W |[11.40h iz|[11.57h w| [164d _  Radiol 6




Properties of the BNS Merger GW170817
Abbott et al 2019, PHYSICAL REVIEW X 9, 011001

Low-spin prior (y < 0.05) High-spin prior (y < 0.89)
Binary inclination 0, 14613 deg 15215 deg
Binary inclination 6,y using EM 15155 deg 15317 deg
distance constraint [108]

DeFector-frame chirp mass M9 1.1975.f§1‘§§$]1 Mg 1.1976f§_‘§§$ Mg
Chirp mass M 1.1867 501 Mg 1.1867) 001 Mo
Primary mass m, (1.36,1.60) Mg (1.36,1.89) M,
Secondary mass 71, (1.16, 1.36) Mg (1.00, 1.36) Mg
Total mass m 2.735 00 Mg 2.7?f§_‘§§ Mg
Mass ratio ¢ (0.73, 1.00) (0.53, 1.00)
Effective spin g 0.007 02 0.027 0%
Primary dimensionless spin y;, (0.00, 0.04) (0.00, 0.50)
Secondary dimensionless spin (0.00, 0.04) (0.00, 0.61)
Tidal deformability A with flat prior 300775 (symmetric)/300135) (HPD) (0, 630

(ml)?l + mz,f/)z) . LN — 3/5 -1/5 C3 5 1 . -11/3 3/5
Xeft = Vi M = (1 + z)(mym,)>/>(my + my) M = < %WVGWVGW 7



GW170817 EOS constralnts
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Abbott et al 2018 A

First estimate of NS radius via gravitational waves. Several stiff EOSs now excluded.
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Lightcurve from INTEGRAL/SPI-ACS
(> 100 keV)
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Gravitational-wave time-frequency map
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GRB17081/A

GRB170817A was 2 orders of magnitude closer
and 2 to 6 orders of magnitude less energetic
than other GRBs (Ej, =~ 3 X 10*%erg).

X-rays were detected 9 days later by
Chandra.

https://doi.org/10.3847/2041-8213/aa920c 9
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(A) On-axis jet (B) Off-axis jet C) Choked jet (D) Choked jet (E) Successful hidden jet

SGRB and afterglow SGRB and afterglow Cocoon ¥ 1ayS Fast ejecta afterglow Cocoon y-rays
and afterglow and afterglow

Mooley et al 2017

Observations consistent with successful jet observed off axis (~15° — 20°) with 8, < 5°
(Lazzati et al 2018).

1.7 s delay between GW and GRB probably due to time required by the fireball to reach the
photospheric radius (Lazzati et al 2020) 0
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Metzger 2017, https://arxiv.org/abs/1710.05931

r-process produced an observed kilonova

~200 Earth masses of gold produced
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https://arxiv.org/abs/1710.05931

Using GW and GRB to Infer Maximum NS Mass

t/M = 14398 t/M = 4606

0.5¢

t/M=14398 9% t/M = 4606

Ruiz, Shapiro, and Tsokaros 2018, PRD 97, 021501(R)

UM = 196

t/M = 2252
0.5¢

In order to produce an
SGRB it seems necessary
to have an HMNS phase
followed by BH collapse
(see also Ciolfi 2020).

This would constrain the
maximum mass to
M, ..~2.15-2.28 in order
to explain GW170817
and GRB 170817A
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GW190425

https://www.ligo.org/detections/GW190425.php
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www.brunogiacomazzo.org

Image credit: Natibnél.Science Foundation/LIGO/Sonoma State
University/A. Simonnet. - .~


https://www.ligo.org/detections/GW190425.php

Abbott et al 2020, http://arxiv.org/abs/2001.01761

Detected only by LIGO Livingston. Very poor localization compared to GW170817 (8284 vs 28 square degrees).
GW signal lasted for ~128 s (~3900 phase cycles).

No EM counterpart has been identified and this is consistent with being a BNS (see Barbieri et al 2020 and
Kyutoku et al 2020 for kilonova models comparing NS-NS with NS-BH).
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Table 1

Source Properties for GW 190425

Low-spin Prior

High-spin Prior

(x < 0.05) (v < 0.89)
Primary mass m; 1.60-1.87 M, 1.61-2.52 M,
Secondary mass m, 1.46-1.69 M., 1.12-1.68 M,

M =1+ 2)(mym,)3>(my + m,)~ />

Chirp mass M 1.447003 M., 1.44003 M.
Detector-frame chirp mass 1.48681 00003 M. 1.4873 00008 M.,
Mass ratio m-» /my 0.8 - 1.0 04 - 1.0
Total mass m, 33701 M., 3.410M..
Effective inspiral spin 0.01290! 0.058 0.
parameter Y g
Luminosity distance Dy 159753 Mpc 159157 Mpc
Combined dimensionless <600 <1100

tidal deformability A Abbott et al 2020, http://arxiv.org/abs/2001.01761
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Total mass significantly higher than galactic BNS systems. It may have formed in a low metallicity
stellar binary (~5-10% solar metallicity, Giacobbo & Mapelli 2018).
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GW190425

Numerical relativity simulation of
last orbits, merger and black hole formation

Neutron star masses: 1.55vs 1./5 M_,,
Mass density in the strong-field region

Volume: ~ (100 km)3

https://youtu.be/yYCnp_42mgY
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Other References

Frontiers Research Topic, “Gravitational Waves: A New Window to the

Universe” https://www.frontiersin.org/research-
topics/11345/gravitational-waves-a-new-window-to-the-universe

It contains 8 short reviews on the status of multimessenger astronomy
and compact binary mergers.
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