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Long and Short
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T90 < 2s 
(Kouveliotou+93) 

< z >  0.5 
(Berger13,...) 

All morphological types of galaxies 
(Berger09, Fong+13, Berger13,...) 

[Recently] Associated with KNe 
(Tanvir+13,...)

≃

T90  2s 
(Kouveliotou+93) 

< z >  2.0 
(Berger13,...) 

High star-forming regions 
(Berger09, Fong+13, Berger13,...) 

Associated with SNe 
(Galama+98,...)

≥

≃

From the Hubble Legacy Archive. 
Processing by Judy Schmidt.

Credits: NASA's Goddard Space Flight Center





GRBs in Radio

Emission mechanism 
Forward vs Reverse shocks 

Geometry 
Viewing angle 

Collimation angle 
Size and structure 

Progenitors 
Circumburst density profile
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Credits: Sergio Poppi (Inaf Cagliari)

See Om's 

talk



High resolution studies of GRBs

Angular diameter increase: GRB 030329 
From Taylor et al. (2003)
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High resolution studies of GRBs
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Centroid displacement: GRB 170817A 
From Mooley et al. (2018) 

First 
Epoch

Second 
Epoch

Real and simulated images: GRB 170818A 
From Ghirlanda et al. (2019)

See Om's 

talk



GRB 201015A
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GRB 201015A

Multi-wavelength afterglow light curves of GRB 201015A 
From Giarratana et al. (2022)
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See also: Suda et al. (2022), Komesh et al. (2023), Ror et al. (2023) 

Hint of VHE 

emission! VLA

eMERLIN

EVN & eMERLIN



GRB 201015A

GRB z mas pc if z = 0.426

170817A 0.0093 2.44 0.46 0.08

030329A 0.1685 0.17 0.5 0.09

Displacement

Gamma(Dec) < 61

Gamma(RA) < 40

Size

< 5 pc at 25 d

< 16 pc at 47 d
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Multi-wavelength afterglow light curves of GRB 201015A 
From Giarratana et al. (2022)



GRB 221009A:

the Brightest Of All Time

10



GRB 221009A

-  s (10 - 1000 keV; GCN 32642) 

-  erg (GCN 32668) 

- z = 0.151 (GCN 32648, 32686,...)

T90 = 327

Eiso ≃ 3 × 1054
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Credit: NASA/Swift/A.  
Beardmore (University of Leicester)

TeV 

emission!



Afterglow Models
(1) Ren et al. (2023): top-hat jet in a wind-like environment 

(2) Sato et al. (2023): two-component jet in a uniform environment 

(3) Laskar et al. (2023): FS from a jet in a low-density wind-like 
environment 

(4) O'Connor et al. (2023): structured jet in a medium with k < 4/3 Top-hat jet model 
From Ren et al. (2023) 
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Afterglow Models
(1) Ren et al. (2023): top-hat jet in a wind-like environment 

(2) Sato et al. (2023): two-component jet in a uniform environment 

(3) Laskar et al. (2023): FS from a jet in a low-density wind-like 
environment 

(4) O'Connor et al. (2023): structured jet in a medium with k < 4/3 Top-hat jet model 
From Ren et al. (2023) 

Two-component jet model 
From Sato et al. (2023) 

Structured jet model 
From O'Connor et al. (2023) 

Single FS model 
From Laskar et al. (2023) 



GRB 221009A
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MWL Afterglow Models: 

(1) Ren et al. (2023): top-hat jet in a wind-like environment 

(2) Sato et al. (2023): two-component jet in a uniform environment 

(3) Laskar et al. (2023): FS from a jet in a low-density wind-like 
environment 

(4) O'Connor et al. (2023): structured jet in a medium with k < 4/3 

...[See also Gill & Granot (2023)]

AMI observations of GRB221009A 
From Bright, Rhodes et al. (2023) 
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GRB 221009A

9/10
15/10

18/11
21/11

3/2
4 /2

9/02
6d 40-43d 117-118d
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EVN map of GRB221009A at 4.9 GHz. 
The surface brightness peak is ~1.4 mJy/b.  

The synthesized beam is  
1.7 x 0.9 mas (PA = 9.25°).

EVN map of GRB221009A at 8.3 GHz.  
The surface brightness peak is ~1.3 mJy/b. 

The synthesized beam is  
0.9 x 0.5 mas (PA = 7.7°).

Global-VLBI 

observation 

planned for this 

week!



Outlook
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The Square Kilometer Array

22
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SKA info sheet from the public SKAO website

The Square Kilometer Array



SKA and GRBs
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From 30% to almost 100% of detection 
rate

From Ghirlanda et al. (2013)
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From <15% to almost 50% of 
detections at the transition time



SKA and GRBs
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From 30% to almost 100% of detection 
rate

From Ghirlanda et al. (2013)

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

+VLBI: structure and geometry



SKA and GRBs
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From 30% to almost 100% of detection 
rate

From Ghirlanda et al. (2013)

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

+VLBI: structure and geometry

...Unknown!



Conclusions
Radio observations can: 

Break the degeneracy in the afterglow modeling 

Reveal emitting components and/or mechanisms not accessible at other wavelengths 

(with VLBI) provide a direct access on the size and the geometry of the afterglow 

...SKA will enable this for the bulk of the GRB population!



Conclusions
Radio observations can: 

Break the degeneracy in the afterglow modeling 

Reveal emitting components and/or mechanisms not accessible at other wavelengths 

(with VLBI) provide a direct access on the size and the geometry of the afterglow 

...SKA will enable this for the bulk of the GRB population!

Radio is the key to study GRBs... 
and VLBI can provide a unique view on 

their dynamics and structure!

Take Home 

Message



Backup Slides



Very Long Baseline Interferometry
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GRB 201015A
T - To 
[days]

Freq 
[GHz]

Peak 
[uJy/b]

RMS 
[uJy/b]

Array Beam 

1.4 4.23 - 7.10 132 5 VLA 1.70" x 1.14"

20 1.25 - 1.76 213 34 e-MERLIN 0.18" x 0.12

21 4.50 - 5.01 107 17 e-MERLIN 0.06" x 0.04"

23 1.25 - 1.76 261 40 e-MERLIN 0.19" x 0.12"

24 4.50 - 5.01 116 26 e-MERLIN 0.06" x 0.04"

25 4.57 - 5.11 85 9 EVN 1.8mas x 0.9mas

47 4.77 - 5.05 73 10 EVN 3.4mas x 2.8mas

60 6.55 - 7.06 - 43 e-MERLIN 0.12" x 0.07"

85 4.50 - 5.01 - 19 e-MERLIN 0.04" x 0.04"

100 4.50 - 5.01 - 16 e-MERLIN 0.07" x 0.03"

101 1.25 - 1.76 - 57 e-MERLIN 0.17" x 0.14"

117 4.77 - 5.05 - 13 EVN 3.1mas x 3.6mas
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GRB 201015A



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


