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GRB light curves
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z=0.695!
LIso~1052 

erg/s



Host Galaxy Detected  
for GRB970508

Z=0.835

Wavelength

flu
x



GRB970508 – Absorption Lines: z=0.835

Fe Fe 
Mg 

Mg II  

Optical 

Absorptio

Metzger et al. flu
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A flash in the dark: GRB and high-z galaxies
cosmic blasts spotting distant galaxies  



Gamma-Ray Burst Duration  
vs. Energy Spectrum



Jet Signatures
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Energy and Beaming 
Corrections 

• The dispersion in isotropic 
GRG energies results from a 
variation in the opening (or 
viewing) angle 

• The mean opening angle is 
about 4 degrees (i.e. 〈fb-1〉 ~ 
500 ) 

• Geometry-corrected energies 
are narrowly clustered (1σ=2x)

Frail et al. (2001)
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Progenitor Long GRBs: Collapsar model M>30 M◉
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The compactness problem
•Dt ~ 1-10 ms Compact sources R0~ c Dt  ~ 3 107 cm

•Cosmological sources (D~3 Gpc)          Lg~ fD2~1052 erg/s 

tgg~ ζp R0ngσT~σTLg/4πR0c eg~1015

eg ~ 1 MeV

eg1 eg2≥ (mec2)2    γγ→  e+e-

ζp fraction of photons above 
the thereshold of pair 
production

Optical depth tgg (γγ→  e+e-) >>1 

σT=6.25x10-25cm2

R of our galaxy ~ 30 kpc: extragalactic objects
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   The Fireball Model
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   The Fireball Model

 compact source

Relativistic 
Particles
Γ>100
or Poynting flux

~ 107 cm
Shocks

g − rays

Goodman; Paczynski;                                      Shemi  & Piran,  
Narayan, Paczynski & Piran;                           Meszaros & Rees
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The Lorentz factor

• As the fireball shell expands, the baryons will be 
accelerated by radiation pressure.

• The fireball bulk Lorentz factor increases linearly 
with radius.

•Γ0∼η  ≡  E/M0c2, M0 total baryon mass of the 
fireball



•  dT=R/cg2= d/c ~  
~ D/c=T 
• The observed light curve 

reflects the activity of the 
“inner engine”. → Need TWO 
time scales.  

• To produce internal shocks 
the source must  be active and 
highly variable over a “long” 
period. 

D=cT

d=cdT

Internal Shocks 
Shocks between different 
shells of the ejected 
relativistic matter

T

dT



The Internal-External Fireball Model
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Inner 
Engine

Relativistic  
Wind

The Internal-External Fireball Model

There are no direct observations of the inner engine. 
The γ-rays light curve contains the best evidence on the 
inner engine’s activity. 

 

External 
Shock

Afterglow
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The internal/external shock scenario
[Rees & Meszaros 1992, ’94]

» 1013cm » 1016cm

ISM

g ray phase
X-ray, Opt.-IR, 

RadioEfficient! [Guetta Spada & Waxman 2001]



The radiation mechanisms



Light curves from internal shocks
Rapid variability and complexity of GRB lightcurves result of 
emission from multiple shocks in a relativistic wind
Δt (interval between ejected shells) determines the 
pulse duration and separation:

Numerical simulations reproduce the observed light curves

(Spada et al. 2000)

IS reproduce the observed correlation between the duration of  
the pulse (tp) and the subsequent interval (Δtp)



GRB inner engine

2 shells ejected at t1, t2 , speed Γ1, Γ2=aΓ1 will 
collide at R~2Γ2L 

Δt~L/c~R/2cΓ2     R~2Γ2cΔt       R~(Γ/100)  
(Δt/1ms) 6×1011cm 

γ-rays from collision reach observer at the 
same time of hypothetical γ-rays emitted at t2 

Observed light curves reproduce activity of 
inner engine            (Nakar-Piran 2002)
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R

L=cΔt

θ=1/Γ

Morsony, Lazzati, Begelman 2010 
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