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prompt emission

extragalactic sources (z up to 9.4 for now)

afterglow
GRB 130427A Panaitescu et. al. 2013GRB lightcurves (100-300 keV) from BATSE catalog

band 10 keV - 10 MeV 
total duration 0.1 s - 1000s 
variability 0.01-1 s 
total energy 1E51-1E54 erg

what are γ-ray bursts?



Progenitors of short and long GRBs



we are quite comfortable with the progenitors  

Open questions?

prompt emission 
where and how is it produced? jet launching mechanism

composition of the jet acceleration processes

which jets are successful? central machine of GRB

black hole vs magnetar
GRBs from first stars?

…

many!



“standard theory”



“another standard theory”



GRB prompt emission: open problems

jet composition

Cavallo & Rees 1978 
Paczýnski 1986 
Goodman 1986 
Shemi & Piran 1990

Usov 1992  
Thompson 1994 
Mészáros & Rees  1997 
Lyutikov & Blandford 2003 



GRB prompt emission: open problems

dissipation and radiation mechanisms
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Rees & Mészáros  1994 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the mystery of the prompt emission spectra

fast cooling regime
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The expectations



the expectations



2nd Fermi catalog
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Low-energy look at the problem

Energy
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synchrotron predictions

for α1 and α2

synchrotron origin is suggested from the empirical fits

Oganesyan et al. 2017,2018  

Low-energy look at the problem



The expectations



The expectations



Models that could work

What we have learnt
- There is a low-energy break in the GRB spectra 

- The break could be the synchrotron cooling frequency 
Oganesyan et al. 2017,2018; Ravasio et al. 2018,2019 

- Synchrotron model fits the (considered) data  
Oganesyan et al. 2019; Burgess et al. 2020 

see B. Zhang 2020, Nature Astronomy, for a brief discussion

- re-acceleration/heating of electrons 
Kumar & McMahon 2008; Asano & Terasawa 2009; Beniamini & Piran 2014;  
Beniamini et al. 2018; 


- noticeable decay of the magnetic field 
Pe’er & Zhang 2006; Derishev 2007; Zhao et al. 2014; Uhm & Zhang 2014;  
Zhang et al. 2016


- proton synchrotron model   
Ghisellini et al. 2020



X-ray steep decay as diagnostics  
      of the GRB emission side

0.3 -10 keV

Ronchini, Oganesyan, Branchesi et al. Nature Comm.,2021



Prompt emission Prompt tail



X-ray steep decay as diagnostics  
      of the GRB emission side

0.3 -10 keV

Ronchini, Oganesyan, Branchesi et al. Nature Comm.,2021



X-ray steep decay as diagnostics  
      of the GRB emission side

Efficient cooling —> we observe the high latitude emission

Inefficient cooling —> we observe the adiabatic cooling

Ronchini, Oganesyan, Branchesi et al. Nature Comm.,2021



X-ray steep decay as diagnostics  
      of the GRB emission side

Ronchini, Oganesyan, Branchesi et al. Nature Comm.,2021



Conservation of 

For a synchrotron 

Prescription for B 

F⌫(⌫p) / B
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Ronchini, Oganesyan, Branchesi et al. Nature Comm.,2021



Models that could work

What we have learnt

- There is a low-energy break in the GRB spectra 

- The break could be the synchrotron cooling frequency 
Oganesyan et al. 2017,2018; Ravasio et al. 2018,2019 

- Synchrotron model fits the (considered) data  
Oganesyan et al. 2019; Burgess et al. 2020 

- proton synchrotron model   
Ghisellini et al. 2020 

- re-acceleration/heating of electrons 
Kumar & McMahon 2008; Asano & Terasawa 2009; Beniamini & Piran 2014;  
Beniamini et al. 2018; 


- noticeable decay of the magnetic field 
Pe’er & Zhang 2006; Derishev 2007; Zhao et al. 2014; Uhm & Zhang 2014;  
Zhang et al. 2016


-

                                     + now 
Ronchini et al. 2021 —-> adiabatic cooling



Thank you!


