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GRBs in Radio
Emission mechanism


Forward vs Reverse shocks
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Credits: Sergio Poppi (Inaf Cagliari)



GRBs in Radio
Progenitors


Circum-burst density profile

Credits: Sergio Poppi (Inaf Cagliari)



GRBs in Radio
Geometry

Viewing angle


Collimation angle

Size and structure

Credits: Sergio Poppi (Inaf Cagliari)
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First direct proof of 
(apparent) 

superluminal 
expansionAdapted from 


Giarratana et al. (2024) 
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2.7 ± 0.3 mas

Adapted from Mooley et al. 
(2018); Ghirlanda, Salafia et al. 

(2019) 

First proof of 
successful jet 
from a BNS 

merger



The Square Kilometer Array

SKA info sheet from the public SKAO website



GRBs in the SKA era

Adapted from Ghirlanda et al. (2013)

To be 
updated!

From 30% to almost 100% of detection 
rate
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GRBs in the SKA era

From 30% to almost 100% of detection 
rate

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

From <15% to almost 50% of 
detections at the transition time
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updated!
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+VLBI: structure and geometry

GRBs in the SKA 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



SKA-VLBI: size measurements
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GRB 221009A-like, 100 days post-burst
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to

z ≃ 0.16

z ≃ 0.25

Constraining 
the size 2 

times better
From Giarratana et al. (under review)



sFWHM

FWHM
3%
10%
30%
100%
200%

0 50 100
Fn (µJy)

0.2

0.4

0.6

0.8

FW
H

M
(m

as
)

VLBA

0 50 100
Fn (µJy)

0.2

0.4

0.6

0.8

FW
H

M
(m

as
)

EVN+eMERLIN

0 50 100
Fn (µJy)

0.2

0.4

0.6

0.8

FW
H

M
(m

as
)

global VLBI

0 50 100
Fn (µJy)

0.2

0.4

0.6

0.8

FW
H

M
(m

as
)

SKA-AA*

0 50 100
Fn (µJy)

0.2

0.4

0.6

0.8

FW
H

M
(m

as
)

SKA-AA4

SKA-VLBI: resolving powers

From Giarratana et al. (under review)
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GRB 170817A-like, 200 days post-merger
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SKA-VLBI: localisation accuracy

  Improving Dec 
localisation from 
4 to 30 times!

From Giarratana et al. (under review)
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SKA-VLBI: astrometry

3x 
confidence 

level 

for apparent 

proper 
motion

From Giarratana et al. (under review)



Conclusions

- SKA will detect:

 . almost 100% of radio afterglow (at the peak)

 .  BNS and  BHNS


- SKA-VLBI will provide:

 . size measurements up to 

 . 2x better constraints on size estimate

 . 4x - 30x better precision in Dec

 . 3x confidence level for detection of proper motion

2.8+4.4
−2.1 yr−1 0.11+0.10

−0.07 yr−1

z ≃ 0.25



Conclusions

- SKA will detect:

 . almost 100% of radio afterglow (at the peak)

 .  BNS and  BHNS


- SKA-VLBI will provide:

 . size measurements up to 

 . 2x better constraints on size estimate

 . 4x - 30x better precision in Dec

 . 3x confidence level for detection of proper motion

2.8+4.4
−2.1 yr−1 0.11+0.10

−0.07 yr−1

z ≃ 0.25

Thank you!



Backup Slides



Radio emission from GRBs

From Chandra & Frail (2012) 

X-rays: 95%

Optical: 70%

Radio: 31%  *( )



Apparent size evolution.

From Giarratana et al. (2024)

a = 0.69+0.13
−0.14

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∘



GRB 170817A

From Ghirlanda, Salafia et al. (2019)

Γ1 < Γ2 < Γ3

Ε1 > Ε2 > Ε3

Γ1 < Γ2 < Γ3

Ε1 < Ε2 < Ε3

No way to 
distinguish 

between models!



From Ghirlanda, Salafia 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)



Timeline and maximum baseline length.

The SKA



SKA info sheet from the public SKAO website.

The SKA


