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Pietka et al. 2015
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• Bright, short radio pulses 

• High dispersion measure (DM) 

• DM(FRB) ~ 10 x DM(MW) 

• Some or all DM from the IGM 

• Hugely energetic, relatively common new transients (RFRB ~ 5,000 
sky-1 day-1)

Fast	radio	bursts	(FRBs)

DM = ne ds0

d
∫

Lorimer	et	al.	2007
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• 80+ published FRBs on www.frbcat.org 

• Discovered by 6+ telescopes, 10+ observed 

• Interferometric and single dish detections 

• 5+ polarization profiles 

• 4+ precise localizations + host galaxies 

• 2 published repeating FRBs

Petroff,	Hessels	&	Lorimer	(2019)

https://arxiv.org/abs/1904.07947

Fast	radio	bursts	(FRBs)

http://www.frbcat.org
https://arxiv.org/abs/1904.07947
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www.frbtheorycat.org
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What	we	measure
• We only measure a handful of properties 

• Dispersion measure 

• Pulse width 

• Fluence

• Derive properties like Energy (iso), Luminosity Petroff,	Hessels	&	Lorimer	(2019)

https://arxiv.org/abs/1904.07947

https://arxiv.org/abs/1904.07947
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200+

Feb.2019
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The	FRB	population

Shannon	et	al.	(2018)

• Possible DM — brightness relation 

• Lower DM FRBs are brighter 

• α = Slope of Log N — Log F 

• Shannon et al. (2018) — Parkes + ASKAP
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Converting	between	DM	and	distance

• Particle density 

• ISM ~ 0.5 particles cm-3 

• IGM ~ 10-7 particles cm-3  

• DM as a function of redshift 

• Need more FRBs to determine how correct this is!!

Cordes	&	Chatterjee	(2019)
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Real-time	detection	
and	multi-wavelength	follow-up
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Petroff	et	al.	2017

Real-time	detection	
and	multi-wavelength	follow-up

Petroff	et	al.	2015



Emily Petroff HEPROVII, Barcelona  12 July, 2019

Additional	follow-up

Bhandari	et	al.	2018
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Repeating	FRBs

Spitler	et	al.	2016

• An FRB that repeats! 
FRB 121102 

• Found and followed-up with Arecibo 

• > 200 pulses found 

• Highly clustered in time 

• No underlying periodicity
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Repeating	FRBs
• Localized through repeating pulses with the VLA 

• Localized to a dwarf galaxy 

• z = 0.19 (~1 Gpc away) 

• Co-located with a persistent radio source

Chatterjee	et	al.	2017
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Repeating	FRBs
• Localized through repeating pulses with the VLA 

• Localized to a dwarf galaxy 

• z = 0.19 (~1 Gpc away) 

• Co-located with a persistent radio source

Chatterjee	et	al.	2017Bassa	et	al.	2017

Tendulkar	et	al.	2017
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Figure 1. from THE REPEATING FAST RADIO BURST FRB 121102: MULTI-WAVELENGTH OBSERVATIONS AND ADDITIONAL BURSTS
null 2016 APJ 833 177 doi:10.3847/1538-4357/833/2/177
http://dx.doi.org/10.3847/1538-4357/833/2/177
© 2016. The American Astronomical Society. All rights reserved.

Repeating	FRBs

Scholz	et	al.	2016

Scholz	et	al.	2017

• Early search for variable emission around time of bursts 

• Later: commensal observing 

• No X-ray, gamma-ray emission observed 

• Emission at radio also frequency-dependent
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Figure 1. from THE REPEATING FAST RADIO BURST FRB 121102: MULTI-WAVELENGTH OBSERVATIONS AND ADDITIONAL BURSTS
null 2016 APJ 833 177 doi:10.3847/1538-4357/833/2/177
http://dx.doi.org/10.3847/1538-4357/833/2/177
© 2016. The American Astronomical Society. All rights reserved.

Repeating	FRBs

Scholz	et	al.	2016

Figure 1. from Simultaneous X-Ray, Gamma-Ray, and Radio Observations of the Repeating Fast Radio Burst FRB 121102
null 2017 APJ 846 80 doi:10.3847/1538-4357/aa8456
http://dx.doi.org/10.3847/1538-4357/aa8456
© 2017. The American Astronomical Society. All rights reserved.

Scholz	et	al.	2017

• Early search for variable emission around time of bursts 

• Later: commensal observing 

• No X-ray, gamma-ray emission observed 

• Emission at radio also frequency-dependent
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Frequency	structure
“R1”	-	Arecibo “R2”	-	CHIME

Petroff,	Hessels	&	Lorimer	(2019)
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Lowest	and	highest	frequencies

Gaijar	et	al.	ATel	10675 CHIME/FRB	Collaboration	2019

Possible	detection	at	~111	MHz
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FRB	polarization
FRB	110523

FRB	150418
FRB	150807
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Rotation	measure	and	magnetic	

FRB	150807

FRB	150215 FRB	110523
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FRB	150215 1.5±10	rad	m-2

FRB	150807 12±0.7	rad	m-2

FRB	110523 -186.1±1.4	rad	m-2

FRB	160102 -220.6±6.4	rad	m-2
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RM	and	local	magnetic	field
• FRBs 110523, 160102 

• High fractional linear 
polarization 

• RM much higher than 
estimated foreground 

• Ordered magnetic field local to 
progenitor or in host galaxy

• FRBs 150215, 150807 

• High fractional linear 
polarization 

• Low RM consistent with 
estimates of Galactic 
foreground 

• No ordered magnetic field in 
addition to Galactic 
contribution
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RM	and	local	magnetic	field
• FRBs 110523, 160102 

• High fractional linear 
polarization 

• RM much higher than 
estimated foreground 

• Ordered magnetic field local to 
progenitor or in host galaxy

• FRBs 150215, 150807 

• High fractional linear 
polarization 

• Low RM consistent with 
estimates of Galactic 
foreground 

• No ordered magnetic field in 
addition to Galactic 
contribution

RM	may	give	greatest	insights	into	local	environment!
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FRB	121102	rotation	measure

100%	linearly	polarized

Michilli	et	al.	2018

RM	=	1.0	x	105	rad	m-2!!!	
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Contrast:	ASKAP	FRB	180924
• Observed single pulse 

• Localized to host galaxy from 
discovery pulse 

• z = 0.3214, 1010 Msun elliptical 

• RM = 14 rad m-2 

• No radio, X-ray, gamma-ray 
source 

• LIGO not in observing mode
Bannister	et	al.	2019
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• Observed single pulse 

• Localized to host galaxy from 
discovery pulse 

• z = 0.66, 1011 Msun elliptical 

• No search for multi-wavelength 
emission 

• LIGO O3 ongoing, nothing yet 
reported

And:	DSA-10	FRB	190523

Ravi	et	al.	2019
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Future	searches	for	associated	emission

• Focusing on the nearest/lowest DM FRBs 

• Detailed study of location in host + host properties 

• Multi-wavelength study of progenitor environment 

• Getting a handle on DMlocal 

• Quantifying the MW + Halo DM  
contribution
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Future	searches	for	associated	emission
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Searches	with	Apertif

1-5	FRBs	per	month

150	MHz

1.4	GHz
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Next	few	years
• More FRBs (and more localized) means more opportunities to search for 

associated emission 

• Promising avenues: 

• Nearest sources, repeaters, precise localizations 

• X-ray, gamma-ray, VHE 

• But also lower radio frequencies,  
multimessenger
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Further	future
• Large population of events to cross-check with other 

facilities (LSST, LIGO/VIRGO, SVOM, CTA) 

• More detailed data with SKA 

• Complete multi-wavelength/multi-messenger picture
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www.frbcat.org Petroff	et	al.	2016

@FRBCatalogue

http://www.frbcat.org
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Concluding	remarks
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What	did	you	learn?
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• Discovering new FRBs at rapid and accelerating pace

What	did	you	learn?
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been seen thus far
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• New telescopes coming online will give us answers on a 
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• Discovering new FRBs at rapid and accelerating pace

• No multi-wavelength or multi-messenger emission has 
been seen thus far

• Repeaters and precisely localized sources offer the best 
opportunities to constrain emission

• New telescopes coming online will give us answers on a 
relatively short timescale

• Watch this space!

What	did	you	learn?
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Thank You!

ebpetroff@gmail.com

mailto:ebpetroff@gmail.com

