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Fast and Slow(er) Radio Transients 
the road from radio only to the full 

picture



Pietka, Fender & Keane 2015

The transients phase-space



Rea, Hurley-Walker & Caleb 2026

The transients phase-space



How to look for transients?



Multi-messenger FRBs



in pills

Fast Radio Bursts

• ms-long events 

• Energy ~ 1036 - 1041 erg 

• ~4500 known FRBs 

• ~80 repeaters 

• One, two, more populations? The CHIME/FRB Collaboration 2026



One-off FRBs

• Blitzar (Falcke & Rezzolla 2014)

• BNS merger (Metzger, Berger & Margalit 2019) 

• NS - BH merger? (Clarke et al. 2025)



The connection between FRBs 
and GWs (or GRBs)



Moroianu et al.  2023                                                               

FRB <—> GW

• Coincidences between O3 events and 
CHIME FRBs.  

• -2h +24h 

• One tentative association within the 
68% localisation region of NSBH merger 
GW 190425 which was detected solely 
by Livingstone



LIGO/Virgo Collaboration 2023

FRB <—> GW

• In-depth reanalysis of CHIME FRBs 
events within the O3a data 

• -600s +120s 

• -600 +600 around FRB 20200120E 

• Upper limits on GW energy based on 
FRB distance estimate (~1054 - 1055 erg)



Patricelli, Bernardini. & Ferro 2024

GRB <—> FRB



A case for repeaters



The repeater 
scenario

• Some time after the cataclysmic event the 
power source can turn on and we can be 
able to see it past the absorbing medium 

• BNS 

• AIC 

• WD - WD 

• (Metzger, Berger & Margalit 2019)



Margalit et al. 2018

The central engine

We have examined the photoionization of 
homologously expanding ejecta by a central 
ionizing radiation source, with application to 
GRBs, Type I SLSNe, NS mergers (specifically 
GW170817), FRBs (focusing on the repeating 
source FRB 121102), and the very luminous 
transient ASASSN-15lh. These diverse phenomena 
share a commonality – the possibility that their 
driving power source is a newly born magnetar, or 
an otherwise similarly acting central engine like an 
accreting black hole.



The repeater 
scenario

• Some time after the cataclysmic event 
the power source can turn on and we 
can be able to see it past the absorbing 
medium 

• The times when DM is high are generally 
overshadowed by free–free absorption, 
which, depending on the mass of the 
ejecta and the density of the ISM, may 
be probed at frequencies of 400 MHz–
1.4 GHz on timescales of ∼100–500 
years after the SN.

A. Piro 2016



The repeater 
scenario

• Some repeaters appear to be very 
young and still possibly enshrouded in 
their wind nebula. 

• These repeaters are a very limited class 
and, contrary to most, they emit 
preferentially at high radio frequencies. 

• SRT observations of the site of 
GW170817

A. Piro 2016



Metzger, Fang & Margalit 2020

Neutrinos

A unique prediction of baryon-loaded shock-powered FRB models 
(Metzger et al. 2019; Margalit et al. 2020b) are neutrinos generated by ions 
heated or accelerated at the shock interact with thermal synchrotron shock 
photons via the photo-hadronic process.
We predict a burst of ∼ TeV−PeV neutrinos of total energy Eν ≈ 1035 − 
1044 erg (depending most sensitively on the FRB isotropic energy; eq. 36) 
which lasts for a timescale tmax ∼ 0.1 − 1000 s (eq. 25) following the radio 
burst (once accounting for the time delay due to the finite propagation 
speed of the radio waves as inferred from the dispersion measure). Our 
calculations make several optimistic assumptions.
Although the detection prospects with present neutrino observatories are 
extremely challenging (to put it lightly), the detection of even a single 
neutrino from an FRB would be a smoking gun for this model. The most 
promising potentiality is a giant flare from a nearby Galactic magnetar with 
the fortuitous geometry of the shock-generating plasmoid being directed 
along our line of sight.



Abbasi et al. 2023

Neutrinos

A search for coincidences in seven years of IceCube data

In two independent searches for neutrino emission from 22 unique, 
nonrepeating FRBs and 26 unique bursts from FRB 121102, no 
significant correlation was found. We provide upper limits on the 
time-integrated neutrino flux at the 90% confidence level for various 
spectral indices.

Overall, this analysis shows that cascades offer sensitive upper 
limits when performing transient stacking searches. Given that 
cascades have a low background rate and are considered 
independent of track events, IceCube’s future analyses would 
benefit from combining track and cascade events when searching for 
time-dependent neutrino emission from FRBs.



The study of FRBs can benefit from multi-
wavelength/messenger follow-up providing 
much needed insights from another perspective  

The study of FRBs can complement current 
studies of multi-messenger phenomena as it 
seems they can be related to the same/similar 
progenitors



GRAWITA 2.0 and FRBs



A long-lasting MWL campaign

Missione 4 • Istruzione e Ricerca Missione 4 • Istruzione e Ricerca 





Iqueye @ Gemini South

A bright future



SOXS @ NTT

A bright future



Vera Rubin

A bright future



Localising FRBs



Dispersion Measure

Cosmology with FRBs

DM = DMMW + DMcosmic + DMhost



Macquart et al. 2020

Cosmology with FRBs
DM = DMMW + DMcosmic + DMhost
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FRBs and their host galaxies

Custom listing
Additional tools

146 FRB hosts
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Credits: L. Nicastro 
Cinus et  al. in prep.

https://catsweb.oas.inaf.it/
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FRBs and their host galaxies FRB 20200723B

FRB uncertainty reg.

Credits: L. Nicastro



DM = DMMW + DMcosmic + DMhost DM ≡ ∫
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?

Preliminary

DM = DMMW + DMcosmic + DMhost

Cinus et al. in prep.



Simha+2020

Tomographic reconstruction of the cosmic web (SDSS map) intercepted by the 
sightline of FRB 20190608B



Logo ente 
beneficiario

Missione 4 • Istruzione e Ricerca Missione 4 • Istruzione e Ricerca 

The Canadian Hydrogen Observatory and Radio transient Detector



Logo ente 
beneficiario

Missione 4 • Istruzione e Ricerca Missione 4 • Istruzione e Ricerca 

Credits: Bij de Vaate

The importance of interferometry

Vanderlinde et al. 2020, CASCA





Slides from D. Michilli



Current status



Slides from D. Michilli



Slides from D. Michilli



Slides from D. Michilli



Slides from D. Michilli



Hundreds of FRBs will be discovered by 
CHORD with arcsec spatial resolution, up 
to z~4 

Complementing the radio detection with 
the identification of the optical galaxy is 
the first step towards the awaiting science!



Thank you!


