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Rodrigo Fernández and Brian D. Metzger  Ann. Rev. Nuc. Part. Sci. 2016. 66:1–24  

ELECTROMAGNETIC EMISSION ASSOCIATED TO BNS MERGERS



THE FIREBALL MODEL



• observed Type Ic SN spectrum  

• accretion disk is fed by fallback of SN 
material onto disk, timescale 

      t ~ 10-100s

• lack of observed SN  
• association with older stellar population  
• larger distance from the host galaxy center (~ 5-10 kpc)  
• accretion timescale of disk in binary merger model is 

short (t ~ 1s) 

Short Hard GRB Long Soft GRB

Hardness ratioBimodal duration distribution

NS-NS NS-BH mergers
Core-collapse of massive stars

DIFFERENT PROGENITORS
Kouveliotou et al. 1993

GRBs



Rowlinson et al. MNRAS 
Vol. 430, 2, 1061-1087
~50%

SGRBs have a 
plateaux phase

THE FIREBALL MODEL  can not 
explain this emission MAGNETAR MODEL

SHORT GRB



Was there an extended emission 
detected for GW170817?

Putten & Della Valle 2019

Is there consensus on the 
magnetar model to explain 

plateaux?



EM emission  
detectable also by  
off-axis observers

Credit: Salafia

Early EM emission detectable 
only by on-axis observers Credit: Ghirlanda



Berger 2013

SHORT GRB HOSTs



Berger 2013B. D. Metzger and E. Berger 2011 

SHORT GRB HOSTs



<4y−1 at d<200 Mpc, corresponding to <5 % of sGRBs.

 -Mandhai et al 2018

The local formation rate of sGRBs is 7.53 events Gpc−3 yr−1. Considering  

the beaming effect, the local formation rate of sGRBs including off-axis  

sGRBs is 203.31+1152.09
−135.54 events Gpc−3 yr−1.  

 - Zhang Wang 2017 

“estimates of local SGRB rates range from 0.1–0.6 Gpc−3 
yr−1 (e.g. Guetta & Piran 2005; 2006) to 1–10 Gpc−3 yr−1 

(Guetta & Piran 2006; Guetta & Stella 2009; Coward et al. 
2012; Siellez et al. 2014, WP15) to even larger values like 40- 
240 Gpc−3 yr−1 (Nakar et al. 2006; Guetta & Piran 2006)”

Ghirlanda 2016

What is the role of BH-NS mergers? 
Do people believe they significantly 

contribute?

SHORT GRB LOCAL RATES 



SHORT GRB JET LAUNCHED? 

Kawamura et. al 2016 
 Ruiz et al. 2016  

Are we at the point of 
simulating the jet emission?

e.g. 
JJ Geng - 2019



GW170817 

11 confident detections  
 8 sent in low-latency 

O1-O2

Abbott et al 2017  GW170817

Abbott et al 2017  Multi 
messenger astronomy

No neutrinos directionally coincident 
with the source were detected within 
±500 s around the merger time



t0     1.7s                     +5.23hrs        +10.87 hrs                +9 days                 +16 
days   

Short GRB
NS merger

UV/Optical/NIR Kilonova

X-ray                        Radio 
afterglow

LHV sky localization

 LVC + astronomers, ApJL, 848, L12Credit Marica Branchesi 
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How certain are we on the nature 
of the merger of GW170817? 

The short duration of the burst is consistent with a prompt black hole or a hyper-massive neutron star that 
survived for a short (e.g. ∼ 100 ms) period of time before collapsing to a black hole (Zhang et al 2018).   



GRB170817A 
(1.74 ± 0.05) s 

delay

DO ALL DNS MERGERS 
PRODUCE SHORT GRBs? 

SHORT GRBs

DNS mergers



GRB170817A 
(1.74 ± 0.05) s 

delayVery under luminous GRB (Lp ~1047 erg/s 4/5 order 
of magnitude less than previously detected)
Outlier of Ep - Liso correlation
0-0.7s Non thermal spectrum 
Possibly followed by thermal tail 

Zhang et al  2018Was GRB 170817A 
special?

DO ALL DNS MERGERS 
PRODUCE SHORT GRBs? 



Mooley et al 2018

Is the scenario of structured jet and 
small cocoon the most commonly 

accepted?

GRB170817A 



NGC 4993

RECENT MERGER WITH ANOTHER GALAXY 

250 GLOBULAR CLUSTERS 
SUPERMASSIVE BH 80 - 100 MILLION SOLAR MASSES

a mean stellar age greater than ~3 Gyr 
metallicity of about 20%–100% of solar 
abundance

Im1 et al 2017

~44.1 Mpc distance 
(0.3-1.2) 1011solar masses

2kpc



OTHER KILONOVAE - SHORT GRBS ASSOCIATIONS
GRB 160821 

face-on spiral

E. Troja et al. 2019
GRB 070809 

2 possible host: 1 early type no star 
forming and 1 star forming galaxy

Nature  2019 GRB 150101B 
massive elliptical galaxy with stellar 

population of ∼5.7 Gyr

Xie et al 2016
GRB 130603B 

The GRB was located at the edge of a disrupted 
arm of a moderately star forming galaxy 
with near-solar metallicity.

A. de Ugarte Postigo et al 2013
I probably missed some more, 

but do people think it would be 
a good direction to go for?



AFTERGLOWS
WHAT ABOUT ORPHAN 
AFTERGLOWS?



S190910h

S190426c

S190425z

S190901ap S190814bv

S190910d

 S191213g

S191205ah
S190930t

S190923y

O3 CANDIDATES

 BNS : ~5    NSBH: 5 

https://gracedb.ligo.org/superevents/S191220af/view/


LIGO Virgo collaborations 2018 (Prospects)


