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Looking for a multi-wavelength 
counterpart for FRBs

Maura Pilia



• Why? 

• How? 

• What have we learned so far? 

• What next?

Overview



Why look for multi-wavelength 
emission?

For a review see e.g. Nicastro et al. 2021





Lu et al. 2020 Metzger et al. 2020



Predict high energy emission

Not all models

• Coherent curvature radiation is possible if the geometry 
of the magnetic field and the emitting region is well 
ordered. Curvature photons are produced along the 
same direction of the particle velocities, much 
depressing the possibility to scatter. Therefore the model 
predicts an absent or very weak inverse Compton 
emission at high energies. 

• This makes the ∼GHz-millimeter band the preferred 
band where FRBs can be observed. The weakness of 
the produced emission at high (X and γ-ray) energies is 
a strong prediction of the model.

Ghisellini & Locatelli 2018



How have we gone at it?



FRB 140514

First attempts

We report here on an FRB discovered in real-time at 
1.4 GHz at the Parkes radio telescope.  
We coordinated the fastest and largest follow-up effort 
ever undertaken for an FRB, with data from 12 telescopes. 
No associated slow transient, progenitor, or host galaxy 
was identified, effectively ruling out any association 
between this FRB and an SN at z < 0.3 or long GRB.  
A tighter constraint on FRB origins in the future will require 
not only robust and immediate triggering or commensal 
observing at multiple observatories, but also improved sky 
localization of radio pulses within FRB and pulsar surveys.

Petroff et al. 2015



aka R1

FRB 121102

We have utilized the fast read-out capabilities of ULTRASPEC to 
search for optical burst counterparts to the repeating fast radio 
burst FRB 121102. Our observations, conducted simultaneously 
with the Effelsberg 100-m radio telescope, provide a 5σ upper 
limit to the optical burst fluence of 0.046 Jy ms. We are only able 
to place weak limits on the broad-band spectral index, in that it is 
steeper than α = −0.2. Deeper searches for optical bursts would 
provide further constraints to this index, but this would only be 
possible with a larger telescope and an instrument that can run at 
a higher cadence. The upcoming HiPERCAM instrument, when 
mounted on the 10.4-m Gran Telescopio Canarias (Dhillon et al. 
2016), will be capable of reaching a fluence detection limit of 
0.0004 Jy ms, approximately 115 times deeper than the limit 
presented in this work, and 1500 times fainter than the median 
radio burst fluence.

Hardy et al. 2017



R1

FRB 121102

• R1

Hardy et al. 2017



R1

FRB 121102

Scholz et al. 2017



New repeaters!

CHIME/FRB Collaboration 2021



A periodic repeater!

Chime/FRB Collaboration, Nature, 2020



MWL campaigns on 
FRB20180916B (R3)



• Periodicity announced in January 2020 

• First campaign by CHIME/FRB group simultaneously with the confirmation of periodicity 
(Scholz et al. 2020) 

• First successful campaign by our group in February (*) 

• Parallel campaigns (both targeted and archival) by other collaborators, see e.g. Guidorzi 
et al. 2020, Casentini et al. 2020, Tavani et al. 2020



Our contribution



The three bursts

Pilia et al. 2020, ApJL



Multiwavelength campaign
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Sν,Jy = 2.8Jy

δt = 0.03s

Δν = 0.064GHz

d150 = d/150Mpc

Er,i = 6.3 × 1037erg



XMM-Newton and AGILE
Simultaneous multi-wavelength coverage

• XMM-Newton 

• 0.3 - 10 keV 

• BB kT = 0.5 keV   

• PL  Γ = 3 

• NH = 4.3e21 cm-1 

• Persistent L = 1041 erg/s 

• Burst L = 1045 erg/s 

•  

• AGILE - MCAL 

• 0.4 - 100 MeV 

• Triggers: 330μs - 8s 

• Burst 1 

• Isotropic E = 2.2x1046 erg 

•
EX

Eradio
∼ 7 × 106

EX

Eradio
∼ 5 × 108



SGR 1806-20

Here we report that SGR 1806–20 emitted a giant 
flare on 27 December 2004. The total (isotropic) 
flare energy is 2 × 1046 erg, which is about a 
hundred times higher than the other two 
previously observed giant flares. The energy 
release probably occurred during a catastrophic 
reconfiguration of the neutron star's magnetic field. 
If the event had occurred at a larger distance, but 
within 40 megaparsecs, it would have resembled a 
short, hard γ-ray burst, suggesting that flares from 
extragalactic SGRs may form a subclass of such 
bursts. 

Palmer et al. 2005



SGR 1935+2154 Mereghetti et al. 2020, ApJ

HXMT Coll. 2020, NatAstro

Tavani et al. 2020, NatAstro

Ridnaia et al. 2020, NatAstro

• SGR 1935+2154 emitted 
1.4x1039 erg in the INTEGRAL 

band on April 28th, 2020


•
EX

Eradio
∼ 105



SGR 1806-20

Tendulkar et al. 2016

For the 2004 December 27 magnetar giant flare of SGR 
1806-20, Tendulkar et al. (2016) placed upper limits on the 
possible radio fluence at the time of the 1.4 erg cm−2 X-ray 
flare given the nondetection with the Parkes radio 
telescope, which was observing a location 35.6° away from 
the source at the time (Hurley et al. 2005; Palmer et al. 
2005; Terasawa et al. 2005). This corresponds to a lower 
limit on the X-ray-to-radio fluence ratio, given it is an 
upper limit on the radio fluence, which is the denominator, of 
4 × 1010 for X-ray counterparts of FRBs if they can be 
attributed to magnetar giant flares like that observed for 
SGR 1806-20. However, the majority of upper limits placed 
in that paper are incompatible with our limits and all 
published limits on ηx/r to date.



The second round

Trudu et al. 2023, A&A



The second round
Asiago reports an optical peak within a window of ±15 s 
around the second radio burst detected by the SRT on the 
night of 2020/11/09. The peak is above the threshold of the 
aforementioned window of 30 s of 15 counts bin−1 . 
However, it is slightly below the 19-count bin−1 threshold 
obtained considering the statistics of the entire observation, so 
it is not possible to robustly tag it as the optical counterpart of 
the radio burst.

We constrained the optical/radio efficiency ξ setting a 
punctual upper limit thanks to a radio detection with the 
uGMRT and a simultaneous observation with SiFAP2. We set 
a constraint of ξ < 1.3 × 102.

Trudu et al. 2023, A&A



The optical 
counterpart

‘Alopeke highspeed camera on the 8.1 m Gemini-North.  

Similar efforts targeting millisecond-timescale optical 
emission from FRBs have been conducted with the Tomo-e 
Gozen high-speed CMOS camera, observing 11 bursts of 
FRB 20190520B (Niino et al. 2022), and the 
photomultiplier SiFAP2 and fast optical cameras Aqueye+ 
and IFI/Iqueye+, targeting FRB 20180916B (Pilia et al. 
2020).Our limits on energy are significantly more 
constraining on similar timescales, yielding the best 
constraints to date on millisecond-timescale optical 
emission contemporaneous with a FRB.

Kilpatrick et al. 2024



The optical 
counterpart

Kilpatrick et al. 2024

Trudu et al. 2023, A&A‘Alopeke highspeed camera on the 8.1 m Gemini-North.  

Similar efforts targeting millisecond-timescale optical 
emission from FRBs have been conducted with the Tomo-e 
Gozen high-speed CMOS camera, observing 11 bursts of 
FRB 20190520B (Niino et al. 2022), and the 
photomultiplier SiFAP2 and fast optical cameras Aqueye+ 
and IFI/Iqueye+, targeting FRB 20180916B (Pilia et al. 
2020).Our limits on energy are significantly more 
constraining on similar timescales, yielding the best 
constraints to date on millisecond-timescale optical 
emission contemporaneous with a FRB.



The optical 
counterpart

Kilpatrick et al. 2024

Trudu et al. 2023, A&A

See upcoming talks!

‘Alopeke highspeed camera on the 8.1 m Gemini-North.  

Similar efforts targeting millisecond-timescale optical 
emission from FRBs have been conducted with the Tomo-e 
Gozen high-speed CMOS camera, observing 11 bursts of 
FRB 20190520B (Niino et al. 2022), and the 
photomultiplier SiFAP2 and fast optical cameras Aqueye+ 
and IFI/Iqueye+, targeting FRB 20180916B (Pilia et al. 
2020).Our limits on energy are significantly more 
constraining on similar timescales, yielding the best 
constraints to date on millisecond-timescale optical 
emission contemporaneous with a FRB.



The second round
The Insight–HXMT observations, occurring 
simultaneously with a radio burst detected by the SRT, set 
a punctual UL on the X-ray-and-radio efficiency η in the 
range of η < (0.9−1.3) × 107 (1–30 keV band), depending 
on which emission model is used for the X-ray emission.

Trudu et al. 2023, A&A



The chances of detecting an X-ray counterpart

Trudu et al. 2023, A&A



The new players in the field



Casentini et al. 2025



FAST & NICER

FRB 20180301

The host of FRB 180301 is located at a redshift of z = 0.334, 
implying a luminosity distance of ∼ 1.7 Gpc. 

The bursts detected from FRB 180301 had peak flux densities 
ranging from 5.3 − 94.1 mJy

Laha et al. 2022



FAST & Swift

FRB 20190520B

Yan et al. 2025



Casentini et al. 2025



Casentini et al. 2025



FRB 181030

Casentini et al. 2020



Casentini et al. 2025



AGILE, Swift

FRB 20220912A

• Pelliciari

Pelliciari et al. 2024



XMM, NICER, Swift
FRB 20220912A

Cook et al. 2024

We detect no significant X-ray emission at the time of 30 radio bursts with upper limits on a 0.5–10.0 keV X-ray fluence of (1.5–14.5) × 
10−10 erg cm−2 (99.7% credible interval, unabsorbed) on a timescale of 100 ms. Translated into a fluence ratio ηx/r = FX-ray/Fradio, 
this corresponds to ηx/r < 7 × 106 . We derive a hierarchical extension to the standard Bayesian treatment of low-count and background 
contaminated X-ray data, which allows the robust combination of multiple observations. This methodology allows us to place the best 
(lowest) 99.7% credible interval upper limit on an FRB ηx/r to date, ηx/r < 2 × 106 , assuming that all 30 detected radio bursts are 
associated with X-ray bursts with the same fluence ratio.



Casentini et al. 2025



FRB 20201124A

Piro et al. 2021

Eppel et al. 2025

Using a blackbody model like Cook et al. (2024), the limit from burst B1 transforms to ηx/r < 8.5×106 at 0.5−10 keV. This is 
comparable to the lowest single burst limits found for FRB 20220912A and FRB 20180916B.





The Fermi Team does not confirm the detection



Casentini et al. 2025



XMM & Nicer

FRB 20200120E

Pearlman et al. 2024



Untargeted searches



Archival X-ray and gamma-ray searches

Mereghetti et al. 2021



Archival X-ray and gamma-ray searches

Mereghetti et al. 2021

Verrecchia et al. 2021 

Casentini et al. 2025



Archival X-ray and gamma-ray searches

Mereghetti et al. 2021

Verrecchia et al. 2021 

Casentini et al. 2025

Principe et al. 2023



Archival X-ray and 
gamma-ray searches

• We have developed and demonstrated a technique to 
estimate η—the ratio between the energy emitted by 
the multiwavelength counterparts of FRBs and FRBs 
themselves— by combining existing multiwavelength 
fast transient surveys with the fluence distribution of the 
FRB population. The extremely large FOVs and 
observation durations of surveys from the optical to the 
TeV bands, combined with the high allsky rate of FRBs, 
mean that the locations of several FRBs undetected by 
radio telescopes have likely been observed by 
telescopes across the electromagnetic spectrum. We 
use the properties of several multiwavelength surveys 
(listed in Table 1) to constrain η under the assumption 
that no FRB counterparts have been detected and, in 
some cases, to estimate η under the assumption that all 
unclassified transient events are FRB counterparts Chen, Ravi & Lu 2020



Optical searches

Andreoni et al. 2020



Counterparts



Afterglows

Kilpatrick et al. 2021



Gamma-ray bursts

Patricelli, Bernardini. & Ferro 2024



Take home messages



What has worked
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The challenges



or lack thereof
The best candidates



The challenges



The challenges



The challenges



The challenges



The challenges



Radio
On a positive note..



COMEFAR
On a positive note..

Table 1. Facili(es accessible from the par(cipants to the project and type of usage. 

Facility Receiver/Camera/Detector Observation Type Used for Goals
SRT-VLBI 0.3 / 1.4 / 7.0 / 18 GHz Tracking-filterbank; VLBI MWL Campaigns; Burst Detection. (I.1,I.2,II.1,III.1)

Medicina-NC 0.408 GHz Transit Monitoring. (I.1,I.2)

Medicina-VLBI 1.4 GHz VLBI VLBI Detection. (III.1)

Noto-VLBI 1.4 GHz VLBI VLBI Detection. (III.1)

EVN 5 GHZ VLBI VLBI Detection; PRS Characterization (III.1)

e-Merlin 5 GHz VLBI PRS Characterization (III.1)

ATCA 2.1 / 5.5 / 9 / 18 GHz Local Interferometry PRS Characterization (III.1)

VLA 6 / 8 / 15 / 22 GHz Local Interferometry PRS Characterization (III.1)

Parkes/MeerKAT/GMRT 0.3 / 0.8 / 1.4 GHz Tracking-filterbank; Local Interferometry Radio Characterization (I.1,I.2)

Copernicus Aqueye+ Fast-photometry MWL campaigns; Burst detection (I.2, II.1)

Galileo IFI-Iqueye Fast-photometry MWL campaigns; Burst detection (I.2, II.1)

TNG SiFAP 2 Fast-photometry; Polarimetry MWL campaigns; Burst detection (I.2, II.1)

LBT LBC/Lucifer/MODS Multi-filter photometry; Spectroscopy Deep photometry; Host Galaxy studies (II.1)

CAHA-2.2 AstraLux Fast-photometry MWL campaigns; Burst detection (I.2, II.1)

REM ROS2/REMIR Sub-s multi-filter monitoring MWL campaigns (II.1)

VST OMEGACAM Multi-filter; Deep photometry MWL campaigns; Host galaxies photo-z  (II.1)

NTT EFOSC2/SOX Deep photometry; Spectroscopy MWL campaigns; Burst detection (II.1)

Schmidt 67/92 CCD Wild field photometric monitoring; Calibration for fast-
photometry

MWL campaigns (II.1)

Savelli CCD Multi-filter Deep photometry; Host Galaxy studies (III.1)

NOT CCD Multi-filter Deep photometry; Host Galaxy studies (III.1)

HST WFC3/ACS High spatial resolution Photometry in crowded environments (III.1)

JWST NIRCAM High spatial resolution Photometry in crowded environments (III.1)

ESO-VLT MUSE (NFM) IFU high spatial resolution spectroscopy Spectroscopy in crowded environments (III.1)

Insight-HXMT LE / ME / HE MWL campaigns; Burst detection (I.2, II.1)

AGILE GRID / MCAL / SA MWL campaigns; Burst and persistent emission detection (I.2, II.1)

INTEGRAL IBIS/ISGRI/SPI-ACS/JEM-X High time resolution (~10 ms) ISGRI lightcurve; Spectral 
Analysis

MWL campaigns; Burst and persistent emission detection (I.2, II.1)

Swift BAT / XRT / UVOT Event mode (~ 2 ms) MWL campaigns; Burst detection (I.2, II.1)

XMM-Newton/Chandra/NICER
 EPIC / ACIS / XTI Soft X-ray imaging for spectral and timing studies MWL campaigns; Burst detection (I.2, II.1)

Fermi LAT / GBM FRB counterparts; High time resolution lightcurve (~ 1 ms) MWL campaigns; Burst and persistent emission detection (I.2, II.1)
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Legend: Italian Facility; International Facility;  = Archival data; = Accepted proposals;  = Full-time accessibility;  = Future proposals and ToO that build on previous successful proposals and well established 
international collaborations;  = Guaranteed time for the Italian scientific community;  = Members of our team are part of commissioning/developing teams;  = Specific instrumentation developed by us and with 
granted time.



Thank you!


