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GRBs – The Odessy Begins
• 1967:  

Discovery –
Vela Satellites 
designed to 
ensure test-
ban treaty

• 1972-1991:  
Golden Age for 
Theorists - no 
constraints and 
a world of 
proposals Ray Klebasadel



The first gamma-
Ray burst model
Appeared before
The Vela results
Were published!

By 1992, over 
100 models 
Existed!

Despite this 
Number, the 
Currently favored
Model is not on 
This list!

Nemiroff 1994 





With many detections, CGRO (BATSE) places constraints 
on localization (isotropic), duration and energy.

seconds

Kouveliotou et al. 1993



BeppoSAX (g-ray plus X-ray) localizes the bursts and optical/radio measure 

the distance:  The bursts are extragalactic (1051erg explosions)
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Variability (ms) and 
energetics (1051 erg) 
push for compact 
remnant engines (NS 
or BH).  Accretion disk 
models predict different 
duration bursts based 
on progenitor and these 
differences can be used 
to make predictions 
about the different 
population differences:  
host galaxies, spatial 
distributions, etc.



GRB Durations with the Accretion 
Disk Paradigm 
If the accretion disk forms in a merger, the angular momentum 
dictates the extent and, hence, duration of the disk:

If the accretion disk is fed by a star, the duration is set by the 
time the star feeds the disk (e.g.):

Short Bursts are from compact mergers, long bursts are from 
massive stars or He-star/WD mergers. 



By 
differentiating 
progenitors, 
the accretion 
disk models 
make 
predictions for 
burst 
distributions.

Distribution of 
neutron star 
mergers (left) and 
gas (right) at high 
(z=2-3.5, top) and 
low (z=0-0.2, 
bottom):  Wiggins 
et al. 2018



These trends 
were predicted 
in 1999 (Bloom 
et al. 1999, 
Fryer et al. 
1999) and 
evidence 
continued to 
grow (e.g. Fung 
et al. 2015)

If NS/NS and BH/NS mergers produce short-duration 
bursts (predicted by accretion disk models), there should 
be an offset of sGRBs with respect to their host galaxies.  
Long GRBs should be concentrated in star forming 
regionsl

Wiggins et al. 2018



In the 
Gravitational 

Wave Era
• With the first GW 

detection of a NS/NS 
merger, we’ve 
entered a new era, 
with direct evidence 
of the merger.

• Concurrent EM 
observations tied to 
r-process 
nucleosynthetic 
yields and GRBs.

A
bbot et al. 2017



The gamma-rays from GW170817 were too dim 
for a GRB, unless the burst was observed off-
axis.

Troja et al. 2017



Mergers eject 
material 
dynamically (tidal 
disruption) and in 
the late-time disk 
accretion.  
Metzger and 
Berger (2012) 
argued the 
lanthanide rich 
(heavy r-process) 
would produce a 
red component 
while the late-
time ejecta 
produces a blue 
component.  With 
detailed models, 
the emission can 
set the  viewing 
angle. 

Metzger & Berger 2012



The viewing angle 
confirms the X-ray angle.

Wollaeger et al. 
2018



Mooley et al. 2018

To prove a GRB, we need proof 
of a strong jet!

• Subsequent 
radio 
observations are 
suggestive of a 
strong shock.

• GW170817 is 
probably a real 
GRB.



Taking advantage of the latest observations 
requires much better modeling and more 

physics!

Merger ejecta
• Detailed, MHD 

simulations with 
good neutrino 
transport

• Dense nuclear 
matter and neutrino 
physics

• Nuclear reaction 
rates (Lippuner talk)

• Emission Models
• Detailed opacities 

(perhaps NLTE)
• Detailed transport
• Implementation of 

opacities



Light curve 
modeling

• The gamma-rays and afterglow 
(e.g. X-ray, radio) probe 
properties of the GRB jet.

• The UV/optical and infra-red 
observations of GW170817 are 
believed to probe the ejecta.

• These light-curves depend upon 
a wide range of physics:  exact 
nuclear yields (depend on 
radiation-hydrodynamics, 
magnetic fields, nuclear 
physics), additional energy 
sources (pulsar, accretion), 
opacities and opacity 
implementation, transport

Fontes et al. 2019



Opacities can also make a difference:  e.g. how do we 
include the correlation between bound electrons in an atom

Fontes et al. 2019

Relativistic only or plus non-
relativistic Configuration 
Interactions 



We have a lot of work to get accurate ejecta 
properties from the late-time ejecta.

• Current disk 
models use a 
range of transport 
methods from 
free-streaming to 
Monte-Carlo 
(Miller et al. 
2018).  The 
electron fraction of 
the ejecta can 
vary dramatically 
upon this 
transport.

• But it also 
depends on dense 
nuclear matter 
and neutrino 
physics. Fryer et al. 2019





Many diagnostics have contributed to 
our understanding of GRBs.

• Gamma-rays provided durations 
(within the AD paradigm, NS 
mergers produce short bursts and 
massive stars and larger mergers 
produce long bursts), rough spatial 
distributions

• X-ray afterglows pinpointed the 
bursts, allowing optical follow-up to 
get distances.

• Radio confirmed distances, later 
provided distributions to show the 
extended nature of short bursts

• GW170817: proof of 
merger and compact 
remnant properties.  
Required Gamma-rays, 
X-ray, radio to prove the 
GRB.  

• UVOIR probes the 
ejecta properties, r-
process and nuclear 
physics

• To really take advantage 
of the data, we have a 
lot of physics to do!


