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Fast Radio Bursts (FRBs)

Nimmo+ 2021

Repeating or non-repeating, bright millisecond-duration pulses at GHz frequencies                                                         
with unknown physical origin(s): highly-magnetized compact objects (i.e., magnetars)?

Galactic⬇

Extragalactic⬆



Platts+ 2019

A living theory 
catalogue for 

fast radio bursts

Transient  
Multi-Wavelength 

Emission

Reminiscent of the 
first two decades of 
GRB research… 🧐



RADIO
X-RAYS

SGR 1935+2154

28 April 2020 burst

Adapted from
Mereghetti et al.
ApJ 898,L29 (2020)
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FRB Transient Multi-Wavelength Emission
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Optical Transient Limits for Well-Localized Repeating FRBs

+ Public Optical Transient Surveys                              
(e.g., ZTF, ATLAS)

CfA FRB Follow-up Program  
(PI: Hiramatsu)

CHIME

FLWO 1.2m 
KeplerCam (robotic)

MMT 6.5m 
Binospec (queue)

Credit: CHIME Collaboration Credit: John McAfee Credit: CfA/Rick Peterson

Follow up 
realtime  

alerts

Hiramatsu+ 2023  
arXiv:2211.03974

Shadow 
observing 
windows

~20 well-localized ( ”) FRBs (~10 repeating) 
routinely observed by CHIME and other radio facilities

≲ 2
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Optical Transient Limits for Well-Localized Repeating FRBs
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Fast Optical Burst Models               
(Inverse Compton Scattering): 

Pulsar Magnetosphere 

Pulsar Nebula 

Maser Outflow 

Afterglow Models: 

Synchrotron Maser Model

10°4 10°3 10°2 10°1 100 101 102

topt (s)

10°8

10°7

10°6

10°5

10°4

10°3

10°2

10°1

f e
Æ
,o

p
t/

f r
ad

io

Pulsar Magnetosphere

Pulsar Nebula (SNR)

Maser Outflow

FRB20220912A

FRB20121102A

FRB20190520B

SGR1935+2154

Optical limits for FRB 20220912A begin to 
reach some model predictions, only a magnitude 
higher than the Galactic SGR 1935+2154.
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Current FRB Model ConstraintsEflare & next

Fast Optical Burst Models               
(Inverse Compton Scattering): 

Pulsar Magnetosphere 

Pulsar Nebula 

Maser Outflow 

Afterglow Models: 

Synchrotron Maser Model
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Optical limits for FRB 20220912A constrain 
~65% of its radio burst parameter space 
(  and ).Eflare ≳ 1045 erg next ≳ 1000 cm−3



Future FRB Model Constraints

Credit: Gemini/NSF/AURA

WE NEED TO GO DEEPER AND FASTER… 💨

Gemini North/South 8.0m 
(queue)

‘Alopeke/Zorro 
(10-ms readout)
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High-speed ‘Alopeke/Zorro (10 ms) on 8-m 
Gemini North/South Telescopes (2023B🤞) 
(see also Charlie Kilpatrick’s talk later)
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High-speed ‘Alopeke/Zorro (10 ms) on 8-m 
Gemini North/South Telescopes (2023B🤞) 
(see also Charlie Kilpatrick’s talk later)



Summary and Future Prospects

Some FRB emission models (e.g., synchrotron maser) predict transient multi-
wavelength emission which can be used to constrain the model parameter space. 

~20 well-localized FRBs + CHIME observing windows and realtime alerts make 
simultaneous/follow-up optical observations feasible. 

We compiled the largest sample of optical limits; KeplerCam/Binospec limits for FRB 
20220912A provide the first meaningful model constraints for extragalactic FRBs. 

Increasing samples and fast-readout cameras on larger telescopes (Gemini ‘Alopeke/
Zorro, Subaru HSSC) have potential to discover first optical transient counterparts.  

Public observing windows and realtime alerts with the arrival-time (duration, flux/
fluence) information would greatly help us plan multi-wavelength follow-up strategies. 

Thank you! Ask me questions now, in Slack, or to daichi.hiramatsu@cfa.harvard.edu 😉
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