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From Ghirlanda et al. (2019).



  

Long Lasting 
(≈ weeks up to years!)

VLBI

Geometry

Dynamics

From Taylor et al. (2004).

From Mooley et al. (2018).



  

GRB 201015A



  

GRB 201015A

z ≈ 0.426
E(iso) ≈ 10^50 erg



  

GRB 201015A



  

Light curves and Spectra

From Giarratana et al. (2022).



  

1.5 & 5 GHz

Optical
SN Ic-BL bump!

Pozanenko et al.(2020), 
Rossi et al.(2020)

X-rays
Rebrightening?

From Giarratana et al. (2022).

Optical
RS component?



  

Displacement / Expansion

From Giarratana et al. (2022).

GRB z mas pc if z = 
0.426

170817A 0.0093 2.44 0.46 0.08

030329 0.1685 0.17 0.5 0.09

Only for 
detections with 

high SNR! 

Displacement (< 47d)

Γ(δ) < 61

Γ(α) < 40

Size

< 5pc at 25d

< 16pc at 47d



  

Global and Microphysical Parameters

Parameter Value Median
ISM          RS 

E
[10^52 erg]

0.03 - 1000 12 20  

ϵe 0.0001 - 0.99 0.32 0.104

ϵB 0.0000008 - 0.05 0.027 0.00014

n
[cm^-3]

0.4 - 20000 1.5 2.15

f 0.01 - 1.00

k-corrected radio spectral luminosities 
(upper panel) and radio light curves in the  
observer’s frame (lower panel) at 8.5 GHz. 

From Chandra & Frail 2012.



  

GRB 201015A and the other VHE GRBs

Parameter
GRB 

201015A
VHE GRBs

ϵe
0.0001 - 

0.99
0.02 - 0.1

ϵB
0.0000008 - 

0.05
0.000047 - 

0.0001

n
[cm^-3]

0.4 - 20000 0.1 - 23

Courtesy of L. Rhodes

Comparison between GRB 201015A and other 3 VHE GRBs, i.e. 
GRB 180720B (Wang et al. 2019), 190114C (Misra et al. 2021) and 

190829A (Salafia et al. 2022).



  

Future of GRBs in 
Radio



  

The Square Kilometre Array

Info sheet from the SKAO Public Website: https://www.skatelescope.org/technical/info-sheets/



  

Sensitivity and Resolution

At 1.4 GHz: 
0.3 arcsec (SKA1-mid)

10 mas (SKA2-mid)

1 min at 1.4 GHz! 31 sec at 6.7 GHz!

10 μJy/beam



  

● From 30% to almost 100% of 
detection rate

● From <15% to 50% detections at 
the transition time

● Amati relation and cosmological 
parameters

● +VLBI: structure of the outflow

… Unknown!

From Ghirlanda et al.(2013) - the Italian SKA White Book: 
https://www.ira.inaf.it/SKA-Italy/SKA_IT_WP.v4%2Bcover.pdf

The Italian SKA White Book



  

To sum up...

GRB 201015A
low luminosity, VHE (?), nearby, 

homogeneous environment, 
constraints on expansion / proper motion

GRB 201015A
Reverse shock, X-ray rebrightening,... 

SKA1 + VLBI
Detection of almost 100% GRB radio 

afterglows, characterisation of their structure 
and expansion / motion (nearest events)



  

To sum up...

GRB 201015A
low luminosity, VHE (?), nearby, 

homogeneous environment, 
constraints on expansion / proper motion

GRB 201015A
Reverse shock, X-ray rebrightening,... 

THANKS!!!

SKA1 + VLBI
Detection of almost 100% GRB radio 

afterglows, characterisation of their structure 
and expansion / motion (nearest events)
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Short & Long

T90 < 2 s 
(Kouveliotou+93)

Harder spectrum 
(Hurley+92, Kouveliotou+93, Ghirlanda+04, ...)

< z > ≈ 0.5 
(Berger13, ...)

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

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

Credits: NASA/Goddard Space Flight Center 

T90 ≥ 2 s 
(Kouveliotou+93)

Softer spectrum
(Hurley+92, Kouveliotou+93, Ghirlanda+04, ...)

< z > ≈ 2.0
(Berger13, ...)

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

[Almost always] Associated with SNe 
(Galama+98, …)

Credits: Hubble Legacy Archive



  

EVN

GRB 201015A

e-MERLIN

5 epochs
4.50 – 5.01 GHz

rms ≈ 24 μJy/beam
beam ≈ 0.06”x0.04”

3 epochs
1.5 GHz

rms ≈ 44 μJy/beam
beam ≈ 0.18”x0.12”

3 epochs
4.57 – 5.11 GHz

rms ≈ 10 μJy/beam
beam ≈ 3.4x2.8 mas



  

Afterglow Modeling

Spectrum at a given epoch

Models for the spectrum and the temporal 
evolution of the afterglow. From Granot & Sari 
(2002).

Fmax , νm , νsa , νc , p

Multi-wavelength Light curves

Repeat for different epochs

ρ∝r−k
k=0 ISM

k=2 WIND

E52 ,ϵe ,ϵB , n0



  

GRB 201015A Observations
Array Date Freq

[GHz]
Flux
[μJy]

R.M.S
[μJy/b]

● Beam size

e-MERLIN 20/11/05 4.76 107 17 0.06”x0.04”

e-MERLIN 20/11/08 4.76 116 26 0.06”x0.04”

EVN 20/11/09 4.84 85 9 1.8x0.9mas

EVN 20/12/01 4.91 73 10 3.4x2.8mas

e-MERLIN 20/12/14 6.80 - 43 0.12”x0.07”

e-MERLIN 21/01/08 4.76 - 19 0.04”x0.04”

e-MERLIN 21/01/23 4.76 - 16 0.07”x0.03”

EVN 21/02/09 4.91 - 13 3.1x3.6mas

e-MERLIN 20/11/04 1.5 213 34 0.18”x0.12”

e-MERLIN 20/11/07 1.5 261 40 0.19”x0.12”

e-MERLIN 21/01/24 1.5 - 57 0.17”x0.14”



  

GRB 201015A Calibration
Epoch Flux cal / 

Fringe Finder
Bandpass Phase cal Calibration

e-MERLIN 
(5 GHz)

20/11/05 1331+3030 (1), 
0319+4130 (2)

1407+2827 2322+5057 (3), 
2353+5518 (4) 

1 → 3,4 → 2
2 → 3,4 → targ

e-MERLIN 
(5 GHz)

20/11/08 1331+3030 (1) 1407+2827 2322+5057 (2) 1 → 2 → targ

e-MERLIN
(5 GHz)

20/12/14, 
21/01/08, 
21/01/23

1331+3030 (1) 1407+2827 2322+5057 (2), 
2353+5518 (3)

1 → 2,3 → targ

EVN 20/11/09, 
20/11/09, 
21/02/09

0854+2006, 
3C84, 
0555+3948,  
0102+5824

0854+2006, 
3C84, 
0555+3948,  
0102+5824

2353+5518 A-priori amp → 
fringe fitting and 
phase cal → 
selfcal 

e-MERLIN 
(1.5 GHz)

20/11/04, 
20/11/07, 
21/01/24

1331+3030 (1) 1407+2827 2353+5518 (2) 1 → 2 → targ



  

ISM vs WIND

Homogeneous Interstellar medium (ISM) Wind-like circum-burst medium (WIND)



  

SKA Performance Sheet

Info sheet from the SKAO Public Website: https://www.skatelescope.org/technical/info-sheets/
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