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Introduction 
A brief history 
Observational Facts 
Basic Constraints on any GRB model: compact source + relativistic ejecta 

Theory 
Progenitor - Central Engine - Relativistic Ejection 
Prompt Emission: internal dissipation in a relativistic ejecta 
Afterglow: interaction of a relativistic ejecta with its environment 

Focus on short GRBs: the binary neutron star merger connection - 170817 
Afterglow: Constraints on the geometry of the relativistic ejecta 
Origin of the prompt emission 
Prospects for future associations
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GRB Physics: standard scenario 
& characteristic radii



GRB Physics: initial event & central engine

Log(R) [m]

■ Huge radiated energy (Eiso,γ~1050-1055 erg) + short time scale variability (<100 ms): 
cataclysmic event leading to the formation of a stellar-mass compact object  
(accreting BH, magnetar)



Log(R) [m]

Long GRB: collapse of a massive star  
(« collapsar » model)

Short GRB: mergers 
(GW170817/GRB170817A)

GRB Physics: initial event & central engine
■ Huge radiated energy (Eiso,γ~1050-1055 erg) + short time scale variability (<100 ms): 

cataclysmic event leading to the formation of a stellar-mass compact object  
(accreting BH, magnetar)
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GRB Physics: basic constraints
■ Huge radiated energy + short timescale variability: cataclysmic event leading to the 

formation of a compact source (NS, BH) 

■  Non-thermal gamma-ray spectrum: relativistic ejection 
(prompt emission is produced at large distance from the source)
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GRB Physics: basic constraints
■ Huge radiated energy + short timescale variability: cataclysmic event leading to the 

formation of a compact source (NS, BH) 

■  Non-thermal gamma-ray spectrum: relativistic ejection 
(prompt emission is produced at large distance from the source)
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gamma-ray photons cannot escape from the source!

Static case: R ' ctvar ` ' R V ' 4⇡

3
R3 Ep = Ep,obs EHE = Emax,obs



GRB Physics: basic constraints
■ Huge radiated energy + short timescale variability: cataclysmic event leading to the 

formation of a compact source (NS, BH) 

■  Non-thermal gamma-ray spectrum: relativistic ejection 
(prompt emission is produced at large distance from the source)
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GRB Physics: basic constraints
■ Huge radiated energy + short timescale variability: cataclysmic event leading to the 

formation of a compact source (NS, BH) 

■  Non-thermal gamma-ray spectrum: relativistic ejection 
(prompt emission is produced at large distance from the source)

⌧��(EHE) ' 22�� � � 2

� + 1

✓
`

V

◆
E�,iso,HE�T

Ep,obs

✓
(mec2)2

EpEHE

◆1��

R ' 2�2ctvar ` ' R

�
V = 4⇡R2` Ep =

Ep,obs

�
EHE =

Emax,obs

�

⌧��(EHE) ' 3

✓
�

100

◆�6.6 ✓ tvar
10ms

◆�2 ✓E�,iso,HE

1052 erg

◆✓
Ep,obs

150 keV

◆0.3 ✓Emax,obs

1MeV

◆1.3

gamma-ray photons can escape if they are produced at large distance 
in a relativistic ejecta

Static case: R ' ctvar ` ' R V ' 4⇡

3
R3 Ep = Ep,obs EHE = Emax,obs

Relativistic case: comoving frame
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Ṁc2
Low baryonic  

pollution!

� & 100

Simplest (unrealistic) acceleration  
model: fireball (pure hydro)

GRB Physics: relativistic ejection
■Non-thermal gamma-ray spectrum: the gamma-ray burst is emitted at large distance 

from the source by a relativistic outflow







Fireball

Racc ' �R0

Internal → kinetic 
energy conversion

Fireball equations:

4⇡r2⇢�c ' Ṁ = cst

4⇡r2⇢h�2c ' Ė = cst

P

⇢�
= cst

Valid as long as spreading 
is negligible

R ⌧ Rspread ' �2�

shell width ~ c . ejection duration
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Ṁc2
Low baryonic  

pollution!

� & 100

Simplest (unrealistic) acceleration  
model: fireball (pure hydro)

GRB Physics: relativistic ejection
■Non-thermal gamma-ray spectrum: the gamma-ray burst is emitted at large distance 

from the source by a relativistic outflow



■ Short time-scale non-evolving variability: the prompt emission has an internal origin 

■Main possibilities of internal dissipation:  
(1) dissipative photosphere 
(2) optically-thin synchrotron emission from non-thermal elec. (shocks/reconnection) 

GRB Physics: prompt emission
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■ Short time-scale non-evolving variability: the prompt emission has an internal origin 

■Main possibilities of internal dissipation:  
(1) dissipative photosphere 
(2) optically-thin synchrotron emission from non-thermal elec. (shocks/reconnection) 

GRB Physics: prompt emission
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Rdec

GRB Physics: afterglow
■ Long timescales (hours/days/weeks/years): the afterglow has an external origin 
■ Interaction of the relativistic ejecta with the circus-burst medium: deceleration 
■ Forward shock: strong ultra-relativistic shock in the external medium = afterglow 

■ Reverse shock (if the ejecta has a low magnetization): additional contribution?
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Deceleration
Ejecta is decelerated 
by the external medium
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Deceleration
Ejecta is decelerated 
by the external medium
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GRB Physics: summary

Log(R) [m]

Rdec

Deceleration: 
afterglow

Internal 
dissipation: 

prompt GRB

Relativistic 
ejection

Long GRB: collapse of a massive star  
(« collapsar »)

Short GRB: mergers

Initial event: 
gravitation collapse & 
formation of a NS/BH
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