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At start, the Holy Book said: 
 
"There are no other valid model but the 
Fireball Model (Panaitescu 1:1)" 
 
 
The Fireball model is indeed a precious tool 
for GRB scientists 

• It is easy to use 
• It predicted the afterglow phase and a 

reverse shock 
• It explained the prompt phase variability 

 
 
However, the Fireball model started to 
become a paradigm 

• It was always considered 
• No alternative was considered 

The Standard Definition 



The Standard Definition 

But later, the Holy Book said: 
 
"Let's launch Swift (Gehrels 24:7)" 
 
 
And it rained data for years on the land of 
observers 

• Some unexpected features (plateau phase) 
• Tons of complete set of data 
• Put some parts of the paradigm in crisis 

 
 
So, the Fireball is still the only model? 

• Emergence of new explanations (e.g. 
photospheric emission) 

• Some other models, totally different, can 
also compete (cannonball, fireshell) 



The standard model with observations: GRB 110205 

Gendre et al. 2011 
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The standard model with observations: GRB 110205 



The standard model with observations: GRB 110205 

All these observations allow to derive the fireball parameters 
• Hypothesis values are obtained from the fit of the model to the data 
• Predicted values are derived from the obtained ones using theoretical relations 

 
Results absent from the Table: 

• Surrounding medium profile is an Interstellar Medium kind (i.e. constant density) 



Agreement of the data with the model 
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So the Fireball model can explain straitworwardly the complex data of GRB 110205A 
• This is however an exception 
• In most of the case, you have complications that need some fine tunning of the model 



The strange case of GRB 090102 

Gendre et al. 2010 

Optical light curve 
• Present a steep-to-flat 
shape 
• Break time ~ 1000 s 
• Smooth light curve 

 
X-ray light curve 

• Present a monotonic light 
curve 
• Very smooth light curve 
• Decay index different than 
in optical 

First indication that we do not observe the same phenomenon in 
optical and in X-ray 
However, still compatible with the standard model 



The strange case of GRB 090102 

Gendre et al. 2010 

Spectro-temporal 
simultaneous 
analysis 

Standard model 
implies closure 
relation between 
spectral and 
temporal indexes 

Afterglow properties in contradiction with the standard model 
 
There, the canonball model is a better description ! 

Only 2 possible cases 
 
In both cases, X-ray and optical need to have an identical behavior 
Not true 



Long GRBs are associated with supernovae 
• Most famous example is GRB 980425 
• Most studied example is GRB 030329 
• We have countless example of such association 

 
 
SN2003dh (associated with GRB 03029) 

• Type Ic supernova (Stanek et al. 2003) 
• Comparable to other hypernovae (ultraluminous type Ib/c supernova, Iwamoto et la. 1998) 

 
 
Probable progenitor of these events 

• Massive star with outer layers striiped away 
• … Also named Wolf-Rayet Stars 

 
 
Are all GRBs due to Wolf-Rayet stars? 

• Absence of observed stellar winds 
• Absence of SN signature in all cases 
• … Not sure 

Dude, the title was also stating "progenitors"… 



The ultra-long GRB 111209A 

Detected by Swift 
• Also seen by Konus-Wind 
• Started before trigger 
• Usual follow-up 
• Redshift 0.677 

 
 
Extreme long duration 

• T90 impossible to 
determine (gap in light 
curve) 

• Total time at least 25 000 
seconds 

 
 
FIGARO reaction 

• TAROT extended follow-up 
• XMM-Newton 50 k ToO 

trigered 

Gendre et al. 2013 



A possible selection effect ? 

Such a duration has never been observed before 
• 9 bursts with T90 > 1 000 s 
• 1 with T90 > 10 000 s : GRB 111209A 
• Possible selection effect or intrinsic scarcity ? 

 
 
Simulation of detection at various redshift 

• Use of Konus-Wind light curve 
• Detection up to z ~ 1.5 
• In all cases, burst detected with duration larger 

than 10 000 seconds 

 
 
Intrinsic scarcity in the "local" Universe and selection 
bias at high redshift 

Gendre et al. 2013 



The progenitor 

Duration exceptional for a burst 
• Only event recorded in about 30 years                      

of archives checked ! 

 
 
In the fluence-duration plane: 

• Clear outlier from normal GRB 
• Well separated from shock breakout Sne 
• Well separated from BH/AGN wake up 

 
 
Possible progenitors: 

• Tidal disruption of minor body. Rejected, too energetic 
• Tidal disruption of star. Rejected, missing energy 
• Magnetar formation. Rejected, unphysical parameters needed 

 
 
Our solution: a low metallicity blue supergiant in rapid rotation 

• Blue supergiant: size implied by the accretion time, i.e. by the duration of the burst 
• Low metallicity: requested to reduce the stellar wind 
• Rapid rotation: requested to ease the formation of the ultra relativistic jet, and its 

travel through the star 

Gendre et al. 2013 



A last message from the Standard Model 

The standard model is independant 
from the progenitor 

• Consequence of its 
construction 

 
 
GRB 111209A has a very rich 
dataset 

• X-ray observation (Swift, XMM) 
• Optical (TAROT, GROND, VLT) 
• Radio (ACTA @ Australia) 

 
 
Possibility to build a broadband SED 

• First time since 1998 
• Strong constraints on the 

model 
• Data in agreement with the 

standard model 

Stratta et al. 2013 



Conclusions 

In the course of the years, a standard paradigm has emerged 
With a standard progenitor 
And a standard model 

 
 
 
This model can explain easily poorly sampled observations 

But also succeed for some well sampled observations 
 
 
 
However it also fail on some bursts 

• One example is 090102 
• But others bursts are also reported not supported by the standard 

model by other authors (e.g. Perley et al. 2008) 
 
 
 
And a Wolf-Rayet star is not the only possible progenitor of GRBs 

We indicated a blue supergiant star for GRB 111209A, but some newborn 
magnetars are also potential progenitors (e.g. Dall'Osso et al. 2011) 


