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Plan of the Lectures

1. Isolated and Binary Neutron Stars: an Introduction

2. Gravitational Wave Emission from Binary Neutron Star Mergers

3. Electromagnetic Emission from Binary Neutron Star Mergers

4. Observations of Binary Neutron Star Mergers
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The event was detected in the full EM spectrum
from gamma-ray to radio.
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Properties of the BNS Merger GW170817
Abbott et al 2019, PHYSICAL REVIEW X 9, 011001
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Abbott et al 2018

GW170817: EOS constraints

8First estimate of NS radius via gravitational waves. Several stiff EOSs now excluded.



https://doi.org/10.3847/2041-8213/aa920c

GRB170817A

GRB170817A was 2 orders of magnitude closer 
and 2 to 6 orders of magnitude less energetic 
than other GRBs (𝐸𝑖𝑠𝑜 ≈ 3 × 1046𝑒𝑟𝑔).

X-rays were detected 9 days later  by 
Chandra.
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GRB170817A: Theoretical Models

Observations consistent with successful jet observed off axis (~15𝑜 − 20𝑜) with 𝜃𝑗𝑒𝑡 ≲ 5𝑜

(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) 10



Metzger 2017, https://arxiv.org/abs/1710.05931

r-process produced an observed kilonova

~200 Earth masses of gold produced
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Using GW and GRB to Infer Maximum NS Mass

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

SMNS HMNS BH

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
Mmax~2.15-2.28 in order
to explain GW170817
and GRB 170817A
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Image credit: National Science Foundation/LIGO/Sonoma State 

University/A. Simonnet.

https://www.ligo.org/detections/GW190425.php
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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). 14



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

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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https://youtu.be/yYCnp_42mgY
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https://observing.docs.ligo.org/plan/
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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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