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Gamma-Ray Bursts
Long

Credits: NASA’s Goddard Space 
Flight Center

Credits: NASA's Goddard Space 
Flight Center/CI Lab

A GRB detected by BATSE on-board the Compton 
Gamma-Ray Observatory

Short

See Maria 
Grazia's 

talk!

https://batse.msfc.nasa.gov/batse/
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GRBs in Radio
Emission mechanism


Forward vs Reverse shocks

Time

Flux

FSRS

Credits: Sergio Poppi (Inaf Cagliari)



GRBs in Radio
Geometry

Viewing angle


Collimation angle

Size and structure

Credits: Sergio Poppi (Inaf Cagliari)



GRBs in Radio
Progenitors


Circum-burst density profile

Credits: Sergio Poppi (Inaf Cagliari)



A general view

From Chandra & Frail (2012) 

X-rays: 95%

Optical: 70%

Radio: 31%  *( )



GRB 221009A

the Brightest Of All Time



Credit: NASA/Swift/A. 

Beardmore (Univ of Leicester)

Credit: NASA’s Goddard Space Flight Center and 
Adam Goldstein (USRA)

GRB 221009A
 erg





Eiso ≃ 3 × 1054

z = 0.151

R = 1/10000 yr−1



GRB 221009A

From Rhodes, ..., SG et al. (2024) From Bright, ..., SG et al. (2023) 

Self-absorbed RS 
emission



Central 
Engine

Observer

2
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VLBI contribution



Apparent size evolution.

From Giarratana et al. (2024)

a = 0.69+0.13
−0.14

GRB 221009A
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GRB 170817A

... the only one, so far



GRB 170817A

From Ghirlanda et al. (2019)

Γ1 < Γ2 < Γ3

Ε1 > Ε2 > Ε3
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Ε1 < Ε2 < Ε3



GRB 170817A

From Corsi et al. (2018)

Γ1 < Γ2 < Γ3

Ε1 > Ε2 > Ε3

Γ1 < Γ2 < Γ3

Ε1 < Ε2 < Ε3

QSPLJ

Low B 
component 

parallel to the 
shock



VLBI contribution
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Central 
Engine



From Mooley et al. (2018) 

75 
days

230 
days

GRB 170817A

A (slightly) 
off-axis GRB

2.7 ± 0.3 mas



From Ghirlanda et al. (2019) 

GRB 170817A

First proof of 
successful jet 
from a BNS 

merger

75d & 230d from 

Mooley et al. 

(2018)

204.7d from 

Ghirlanda et al. 

(2019)
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The Square Kilometer Array

SKA info sheet from the public SKAO website



The ngVLA

From the public ngVLA website

Main: 214 x 18m

SBA: 19 x 6m

LBA: 30 x 18m



ngVLA

GRBs in the SKA & ngVLA era

From 30% to almost 100% of detection 
rate

Adapted from Ghirlanda et al. (2013)

To be 
updated!
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ngVLA
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ngVLA

+VLBI: structure and geometry

GRBs in the SKA & ngVLA era



From 30% to almost 100% of detection 
rate

From <15% to almost 50% of 
detections at the transition time

To be 
updated!

ngVLA

Adapted from Ghirlanda et al. (2013)

ngVLA

+VLBI: structure and geometry

...Unknown!

GRBs in the SKA & ngVLA era



GW counterparts in the ET era

From Colombo et al. (2025) 

NSNS = 2.8+4.4
−2.1 yr−1 BHNS = 0.11+0.10

−0.07 yr−1



(some) Conclusions
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Take home message



Radio is 


FUNDAMENTAL 


to study GRBs

Take home message



Thank you!

Radio is 


FUNDAMENTAL 


to study GRBs

Take home message
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Size evolution of GRB 221009A and GRB 030329. 
From Giarratana et al. (in press)

GRB 221009A



Forward vs Reverse shocks?

From Giarratana et al. (2024)

Hint for 
different size 

evolutions



GRB 221009A
ISM

Model size evolution in a FS + RS scenario.

From Giarratana et al. (2024)

Wind


E/A ≃ 1057 erg cm3

θj ≃ 21∘

E/A ≃ 1055 erg cm3

θj ≃ 23∘



SKA info sheet from the public SKAO website. ngVLA expected performance. From the 
public ngVLA website.

The SKA and the ngVLA



Timeline and maximum baseline length.

The SKA



GW counterparts in the ET and CE era

Adapted from Colombo et al. 
(2025) 

ngVLA SKA1

ngVLA SKA1



GW counterparts in the ET and CE era

From Colombo et al. (2025) 


