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EVN: Open Skies facility
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At ∼ 2 kpc : 1 mas ⇒ 2 au

z ∼ 0.1 : 1 mas ⇒ 2 pc

z ∼ 1 : 1 mas ⇒ 8 pc
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RS Oph Novae — 2021’s outburst

Proton acceleration in the nova shock

MAGIC Collaboration et al. (2022)

Radio campaign 14–320 d post-outburst.

Munari, Giroletti, Marcote et al. (2022),

Rocco et al. (2024)

Expansion velocity of∼ 7 000 km s−1

Central and compact core

Bipolar outflow up to∼ 540 AU (+65 d).

∼ 4.3× 10−6 M� at the DEOP,

∼ 10% accreted by the white dwarf.

R. Lico et al.: Tracking the expansion of RS Ophiuchi bipolar ejecta during the 2021 nova outburst.

Fig. 1. Natural-weighted total intensity images at 5 GHz (left frame) and 1.6 GHz (rigth frame), centered at the Gaia DR3 astrometric position for
RS Oph, corrected for proper motion (indicated by a black cross whose size represents the position uncertainty magnified by a factor of 40 for
visualization purpose). The observing epoch, in units of days after T0, is indicated in the top-left corner of each image. All 5 GHz images (left
panel) are displayed with a Gaussian taper of 0.5 at 10 M� and convolved with a beam of 9.8 mas ⇥ 12.8 mas at 0. All 1.6 GHz images (right
panel) are convolved with a beam of 8.5 mas ⇥ 30.0 mas at 0 deg. The beam is displayed in the bottom-left corner in each image. The color scale
and the overlaid contours represent the total intensity emission, with the lowest contour at 2% of the map peak (see Table 1) and the following
contours a factor of two higher. The red cross indicates the average core position (see Sect. 1).
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Fairly flat spectral index of -0.36 on the western lobe, and -1.15 on the eastern and core.



Marcote et al. (2019, ApJL, 876, L14)
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The first NSB merger: GW 170817
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Ghirlanda et al. (2019, Science, 363, 968)

Structured jet successfully broke through the ejecta

Narrow (θc = 3.4± 1◦), and energetic

(Eiso ≈ 2.5× 1052 erg) jet, with a

viewing angle of∼ 15◦.
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Expansion and/or proper motion -> viewing angle



The BOAT: GRB 221009A

The Brightest Of All Time

Detected> 1 TeV.

First clear evidence for a (IC) component beyond

synchrotron emission in the GRB afterglow, with

comparable power.

Reverse and forward shock contribution in the

early radio afterglow.

We observed 40–261 d post-burst.

Swift’s scattered rings (Tiengo et al. 2022)
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First direct proof of apparent superluminal motion in GRB 030329 (Pihlstrom et al. 2007)



Swift's X-ray image of GRB 221009A shows circular rings around the gamma-ray burst. Dust in the Milky Way scattered the x-ray emission of the gamma-ray burst, creating the rings (Tiengo et al. 2022).



The BOAT: GRB 221009A
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GRBs in the SKA era

From∼ 30% of radio detections to almost 100%. Plus constraints on expansion and proper

motion (structure and geometry) with SKA-VLBI

Giarratana et al. (in prep) & adapted from Ghirlanda et al. (2013)
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Take home messages

The radio domain can significantly contribute to the high energies and particle physics!

VLBI at gigahertz frequencies is key to characterize a significant fraction of transient events.

With SKA we will be able to detect and follow up most of the reported GRBs

Measuring the afterglows would allow us to have a detailed and direct evolution of their reverse

and forward shocks, plus the cocoon/jet interaction.
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The BOAT: GRB 221009A

ISM

θj ≈ 21◦, E/A ≈ 1057 erg cm3

Wind

θj ≈ 23◦, E/A ≈ 1055 erg cm3

(Giarratana et al. 2024, Giarratana et al. in prep)
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