Measuring the expansion
of

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

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


https://batse.msfc.nasa.gov/batse/




Credits: Sergio Poppi (Inaf Cagliari)

~ GRBs in Radio

- Emission mechanism -

Forward vs Reverse shocks




Credits: Sergio Poppi (Inaf Cagliari) . e
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Very Long Baseline Interferometry
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The European VLBl Network
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On-axis GRBs




GRB 030329

GRB 030329 Expansion

Image Diamgter (mas)

' First direct proof of

(apparent)
1P superluminal
Time (days) .
expansion

From Pihlstrom et al. (2007)



GRB 221009A

EVN (8.3 GHz) VLBA (15 GHz)
EVN (4.9 GHz)
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From Giarratana et al. (2024)



Off-axis GRBs
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GRB 170817A
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From Ghirlanda et al. (2019)



GRB 170817A
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GRB 170817A

Real source image
.1

75d & 230d from
Mooley et al.
(2018)
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(some) Conclusions

71 EVN (8.3 GHz) VLBA (15 GHz)
[0 EVN (4.9 GHz)
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71 EVN (8.3 GHz) VLBA (15 GHz)
[0 EVN (4.9 GHz)
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71 EVN (8.3 GHz) VLBA (15 GHz)
[0 EVN (4.9 GHz)
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(some) Conclusions

71 EVN (8.3 GHz) VLBA (15 GHz)
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Backup Slides




GRB 221009A

DEVA

E,  ~3x10"erg
z=10.151

R = 1/10000 yr~!

The BOAT GRB in Context

GRB 221009A

Reconstructed
Fermi data

Count rate
(millions of
gamma rays
per second)

130427A

190114C

090902B
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5 arcminutes

7 minutes

Credit: NASA's Goddard Space Flight Center and Credit: NASA/Swift/A.
Adam Goldstein (USRA) Beardmore (Univ of Leicester)




GRB 221009A: ISM vs wind-like2*

ISM

Post |et-break:

a=1/4
L ateral
spreading: jet break:
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Structured
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a=1/2

* Blandford & McKee (1976)

blastwave



Hint for
different size
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Forward vs Reverse shocks®

S

e ®
.
.
.
.
.
.
.
.
. ®
.

)
PR

.
P

I e
.®
)

“
“
.

VLBA (15 GHz)

‘t

.
“

‘$

\d
“

“
“
\d

Al
“

“
-
.
L
-
-
L)
)
.
.
)
.
“
.

.
S e
.
.
.
.

From Giarratana et al. (2024)
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Hint for Forward vs Reverse shocks®

different size
evolutions

EVN (4.9-8.3 GHz)
VLBA (15 GHz)
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Size at 100 days [mas]

From Giarratana et al. (2024)



GRB 221009A

15 GHz: FS-dominated 15 GHz: FS-dominated
4.9-8.3 GHz: RS-dominated 4.9-8.3 GHz: RS-dominated
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E/A ~ 105 erg cm3 Model size evolution in a FS + RS scenario. E/A ~ 10% erg cm3

From Giarratana et al. (2024
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GRB 221009A

@ GRB 030329
B GRB 221009A
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Size evolution of GRB 221009A and GRB 030329.
From Giarratana et al. (in press)




