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Top stories
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Binary neutron stars as progenitors of Short GRBs confirmed.

Direct evidence for off-axis jet.

First Confirmed Kilonova. (will not address in this talk.)

Physics and astrophysics of off-axis GRBs.



Gamma Ray Bursts

Most energetic explosions

Gamma ray and lower 
frequencies.

Collimated, ultra-relativistic jets 
(Lorentz factor ~100s)

Model: Black hole powering jet.

Typical isotropic Energy released: 
10^49 - 10^53 ergs.
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Image: NASA



Fireball Model 
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Multi-band afterglows from X rays to Radio

Image: NASA

Internal shocks produce 
gamma rays

External shocks
produce Afterglows



Gamma Ray Bursts: Long Vs Short
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Death of massive 
stars

NS-NS or NS-BH mergers?

Short hard  Vs Long soft

Image: BATSE
Image: Qin+ 2000



Origin of Short GRBs
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The power of joint detection!

7

Nature of the Progenitor.

Geometry of the jet.

Structure of the jet.

Other parameters of the jet and 
burst.



Binary Geometry
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Inclination is strongly degenerate with distance



How Short GRBs are produced..

9Troja+ 2017
Donaghy+ 2005



On-axis Vs Off-axis GRBs: Afterglows

10Saleem, Resmi, Pai, Misra, KGA 2017a



First joint detection
GW170817 + GRB170817A

11



The Joint detection
First  ever confirmation that BNS mergers can produce SGRBs

Detection of a SGRB by Fermi and 
INTEGRAL ~2 sec after the LIGO 
trigger.

False Alarm Probability ~ 10^-8

Closest SGRB with known distance.

Dimmer by 2-6 orders of magnitude 
w.r.t “typical” SGRB. 

Followed up in almost every band of 
the EM spectrum! (Varun’s talk)
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Viewing angle from GWs
Direct evidence for off-axisness!
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LVC+6 optical EM groups,Nature (in press) arXiv:1710.05835v1

✓v = Min[◆, 180� ◆]



Observed features
Point to off-axisness

Weak Prompt emission. (here 2-6 
order of magnitude lower!)

Late and weak X ray detection. 
(Chandra detected after 9 days!)

Radio detection (JVLA detection).
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Granot+ 2002

GW observations break the
degeneracy between 

energetic burst far away Vs weak burst near by.



Structure of the Jet?
Top hat vs Structured Jet

Strongly degenerate parameter 
space,  it is difficult to say 
which is favoured.

GW information will be crucial 
in future.
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LVC+ Fermi + Integral, arXiv:1710.05834
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Projections for future
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Source O3(1yr)
Designed (1 

yr)

BNS 1-50 6-120

BNS+GRB 0.1-1.4 0.3-1.7

LVC+ Fermi + Integral, arXiv:1710.05834



Future prospects
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Understanding of the central engine.

Constraining the jet structure.

Do NS-BH mergers produce SGRBs too?

GW+EM+Neutrino observation!



18

LVC+ Fermi + Integral, arXiv:1710.05834


