
Multi-wavelength follow-up of exceptionally luminous GRBs

Alessio Mei, 2nd year PhD student 

GSSI Gravity Group

AP Science Fair



High Energy Astrophysics group



+ …

https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html

2021: A year of bright GRBs!



E ∼ 1051−54 erg

Γ ≳ 100

after ∼ 1 − 2 s

after ≳ days



Fundamental tools for GRB astronomy

Fermi/LAT+GBM

Fermi/LAT

Swift/BAT

Instruments with high field of view to scan 
large portions of the sky simultaneously 
(e.g. Fermi, Swift/BAT) .

Good angular resolution to measure more 
precisely the position of the source in the 
sky.

Fast slewing telescopes to rapidly point 
towards the GRB.

What do we need?

What do we observe?
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High FOV Gamma-ray instruments 

are triggered by GRB prompt emission
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GRB astronomy in a nutshell Gamma-Ray Coordinates Network 

Location of GRBs and 

other transients (Notices)

Reports of follow-up  
observations (Circulars)

~100 s ~20 s

γ − rays



Our Routine



Oganesyan, … ,Ronchini, Banerjee, Branchesi + 2021, under review Nature Astronomy

“Summer” GRB 210619B: Reverse shock!

Large excess in the optical band detected after ~ 30 s 
from the burst, simultaneously with prompt emission 

Credits: S. Ronchini

Forward 
shock

Reverse 
shock

Interaction between jet and circum-burst material creates 
two shocks with ~ same energy: forward through ISM and 

reverse through the jet

Jet material is hotter and more dense w.r.t. ISM, producing 
an emission which lasts less and with less energetic 

photons (optical band)

One of the brightest and most energetic GRB ever 
observed !



“Xmas” GRB 211211A: Short or Long?

Long duration ( ~30 s) and 
possibly associated with a very 

close galaxy ( z ~ 0.076)
Long GRB from star collapse!

If it is so close, 

where is the Supernova?

Long GRB but in a more distant 
galaxy 


-> SN not visible

BNS merger + possible kilonova in 
the nearby galaxy (z ~ 0.076) 

-> Short GRB with extended 

emission

X-ray afterglow excess detected at very late 
time by our XMM-Newton observation 

resembles the standard flux drop from 
external shock

LC for  s is not compatible with 
standard external shock model, in 

accordance with alternative models e.g. high 
latitude emission from a structured jet

t < 105

Preliminary 

?

Credits: P. D’avanzo



Mei, Oganesyan, … ,Banerjee, Branchesi+ 2022, article in prep.

“New Year” GRB 220101A: 
Benchmark for relativistic physics

Very distant (z = 4.62) and energetic (  )  source, 
high spectral coverage (from soft X-rays to ~ GeV, but also optical 
and radio detection)

Eiso ≃ 3 ⋅ 1054 erg

Presence of pair-production cutof within the Fermi/LAT energy 
band

Excess at higher and lower energies for  consistent with 
onset of afterglow emission

t ≳ 120 s



Protons are cooling 

The analysis in prompt and afterglow emission 
allowed to constrain theoretical parameter such as 

bulk Lorentz factor and radius of the emitting 
region! 

This allows us to discriminate among the 
numerous emission models in GRB physics

Dimension consistent with emission from cooling 
protons through synchrotron radiation, magnetic 
reconnection and sub-photospheric emission are 

excluded!



My take-home messages 

• GRB physics is far to be fully understood

What is the origin of prompt emission? 

What is the dimension of the source? 

What is the source???

• Multi-Messenger astrophysics can be the answer! A lot of observational and theoretical 
work to do: Neutrinos? UHECRs?

O4 run is coming! (Dec. 2022)

3G GW detectors will further enhance 
our understanding in sGRBs!
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My take-home messages 

• GRB physics is far to be fully understood

What is the origin of prompt emission? 

What is the dimension of the source? 

What is the source???

• Multi-Messenger astrophysics can be the answer! A lot of observational and theoretical 
work to do: Neutrinos? UHECRs?

O4 run is coming! (Dec. 2022)

3G GW detectors will further enhance 
our understanding in sGRBs!

• And last… GRBs KNOW WHEN  
YOU ARE ON HOLIDAY!Be aware…


