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In this talk…

Novae
(Hadrons)

Colliding Wind Binaries
(Cosmic Rays)

Gamma-Ray Bursts
Fast Radio Bursts
(Photons & Baryons)
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At ∼ 2 kpc : 1 mas ⇒ 2 au

z ∼ 0.1 : 1 mas ⇒ 2 pc

z ∼ 1 : 1 mas ⇒ 8 pc

1.4–40 GHz
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Novae
Recurrent outbursts from white dwarf/low-mass star systems
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RS Oph — 2021’s outburst

Proton acceleration in the nova shock

(MAGIC Collaboration et al. 2022)
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RS Oph — 2021’s outburst

Radio campaign 14–320 d post-outburst.

Early results in (Munari, Giroletti, Marcote et al. 2022).

Final results in Rocco et al. (2024, in prep)

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).

Article number, page 3 of 8
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Fairly flat spectral index of -0.36 on the western lobe, and -1.15 on the eastern and core.



Novae

!4

• Novae are thermonuclear explosions caused by accumulation of material from a donor star onto the surface of a white dwarf (WD) 

Credit: ESO / M. KornmesserCredit: ESO / M. Kornmesser

donor star 

gas stream

accretion disk

photosphere

WD

Classical novae  
main sequence star+WD

Symbiotic novae  
red giant + WD

Credit: Hardy

TCrB
Three times closer (∼ 0.9 kpc)

Outburst predicted on 2024.4 ± 0.3 or 2025.5 ± 1.3

(Schaefer et al. 2023a,b)
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CollidingWind Binaries
Most massive binary systems in our Galaxy
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Massive stars in the Galaxy…
O, B, orWolf-Rayet stars

Often in binary or highermultiplicity systems

Mass-loss rates:

Ṁ ∼ 10−4–10−7 M� yr−1

Stellar wind velocities:

vwinds ∼ 1—3× 103 km s−1

Pkinetic ∼ 1036–38 erg s−1

Etot ∼ 1050 erg
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PACWBs as contributors to the comic ray background?

Most Galactic cosmic rays come from SNe

With an energy injection∼ 0.01–1%:

CWBs convert∼ 1032–1034 erg s−1

into relativistic particles

∼ 105 Galactic massive stars

Energy production rate of cosmic rays:

1037–1039 erg s−1

Up to∼ 1% of the total power in cosmic rays!

(de Becker et al. 2017; Seo et al. 2018

Kalyashova et al. 2019)
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The most extreme CWBs in the Galaxy

Apep
The first double Wolf-Rayet system

First radio and X-ray non-thermal emitter

(Marcote et al. 2021, MNRAS, 501, 2478)

HD 93129A
A double O binary system

with a total mass of 200± 45 M�

(Benaglia, Marcote et al. 2015, A&A, 579, A99)
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Gamma-Ray Bursts
Decoupling models with the radio afterglow
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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)

Structure 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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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

Giarratana et al. (2024, submitted & in prep)
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Fast Radio Bursts
Extremely bright (∼ 1040 erg s−1) millisecond-duration bursts (magnetars-related?)
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What is a Fast Radio Burst (FRB)?

Fast
Duration of ∼ 1 µs–10 ms

Radio
Observed at 0.2–8 GHz

Burst
Bright ∼ 0.1–100 Jy

Discovered by Lorimer et al. (2007)

Thousands FRBs reported

(frbcat.org; Petroff et al. 2016)

Only∼ 5% exhibit multiple bursts

(so-called “repeaters”)

Origin: unclear (magnetar-related)

FRB 140514
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Pulsars…



Localizing FRBs to milliarcsecond precision

FRB 20121102AFRB121102 with HST

Host galaxy

Star-forming region

FRB121102

Clearly associated with a star-
forming region in the host

Bassa et al. 2017

Chatterjee et al. (2017, Nat, 541, 58)

Marcote et al. (2017, ApJL, 834, 8)

Tendulkar et al. (2017, ApJL, 834, 7)

Bassa et al. (2017, ApJL, 843, 8)

FRB 20180916B

Marcote et al. (2020, Nature, 577, 190)

Tendulkar et al. (2021, ApJL, 908, L12)

Star-forming dwarf galaxy

Star-forming spiral galaxy

Globular cluster!

FRB 20200120E

Kirsten, Marcote et al. (2022, Nat, 602, 585)

Nimmo et al. (2022, Nat Astr, 6, 393)
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FRB 20200120E: narrowest components for a FRB
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Sub-components as narrow as 60 ns

(Nimmo et al. 2022, Nature Astronomy, 6, 393)
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Estimated redshifts of z ∼ 0.1–3

Best constraints of the Weak Equivalent Principle

(Sen et al. 2021, Hashimoto et al. 2021)

Baryon content of the Universe

(Macquart et al. 2020)

Best limits purely from kinematic analysis of light propagation for the photon mass

(Wang et al. 2021)
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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.

Fast Radio Bursts will become particularly relevant in the coming years outside the radio domain

Plus other topics not discussed here (particle acceleration in gamma-ray binaries or connection

between neutrino events and jet launching).
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An extragalactic Pulsar Wind Nebula?

A∼10-yr old supernova…

at∼ 30 Mpc and 1042 erg release.

Incompatible with a supernova remnant

First PWN outside our Galaxy?

Reverse shock

Forward shock



FRB 20190520B: a twin for the first repeater FRB 20121102A
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(Bhandari, Marcote, et al. 2023, ApJL, 958, L19)



FRB 20181030A: radio source potentially associated with the FRB (Bhardwaj et al. 2021)



magenta: wandering black hole candidates



PRS-like candidates identified in nearby dwarf galaxies (Vohl et al. 2023)



VT: PWN candidate (Dong  Hallinan 2023)


	What is a Fast Radio Burst?
	Appendix

