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Fast Radio Bursts

 Brief (~ms) radio bursts

 Likely cosmological 

 1st :  Lorimer et al. 2007
using Parkes @ 1.4 GHz

 Today: ~23 known

 Estimated rate: 
~1,000 /sky/day @ 1.4 

GHz

 ORIGIN UNKNOWN!

Parkes 
Telescope, 
Australia
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Free Electron Distribution

Milky Way
Model: 
Contours 
of constant
free electron 
column 
density

Cordes & Lazio 
2002



Lorimer et al. 2007, Science

“The Lorimer Burst”

DMmax = 25 pc/cm3

DMburst = 375 pc/cm3

!!!!!



Cosmological Distance?

 IGM Models:    DM = 1200 z     pc/cm3

 Implies z=0.3 for Lorimer burst

 Corresponds to ~1 Gpc… really far!

 BUT: likely upper limit

 some DM may be in host galaxy:

DMtot = DMMW + DMIGM + DMhost

 For d=500 Mpc radio energy ~ 1040 erg 
Corresponds to 1036 Watts = 1010 Suns!



Cosmological Distances to FRBs?

 Roughly isotropic sky 
distribution

 Dispersion of radio 
waves strongly
suggests extragalactic

 Standard models of 
intergalactic medium
suggest cosmological 
distances

 FRBs could make 
excellent cosmological 
probes!  (e.g. Ravi et al. 
2016)

Courtesy Ziggy Pleunis





FRB Models

 More models than events!
 Energy not that constraining…gamma-ray bursts can have 

isotropic E ~ 1053 erg
 No GRB/FRB coincidences (Tendulkar, VK, Patel 2016)

 For FRBs, easily enough energy in cataclysmic events
 Supernovae 

 Need free-free opacity low...difficult!

 Neutron star/black hole or neutron star/neutron star
mergers...but rate too low!

 Radiation mechanism must be coherent:
 Brightness temperature Tb = Iv c2/2kv2= 1034 K!

 Same as in radio pulsars
 Strong magnetic field?

 Source size < ct = 300 km
 Compact object?



Searching for FRBs: PALFA

 Pulsar Arecibo L-Band 
Feed Array (PALFA)
 305-m telescope in

Arecibo, PR

 Survey of Galactic Plane 
with  7-beam PALFA 
receiver

 Center freq 1.4 GHz, BW 
300 MHz, 

 ~1 Petabyte

 HPC job!
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FRB 121102

 Found at Arecibo
 First non-Parkes

FRB
 DM = 558 pc/cm3

= 3DMmax

 Note unusual
spectrum
 Spectral index ~+9!

 Assumed due to
offset from beam
centre

Spitler et al. 2014



Arecibo FRB Repeats!

 >10 more bursts detected

 Spitler et al. 2016 Nature;
Scholz et al. 2016 ApJ

 Hugely varying spectra

 Bursts come in clusters



Repeats Highly Clustered!
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Why Only 1 Repeater?

 Different classes of FRBs?

 Some cataclysmic, some not?

 BUT coincidence that of 23 known, only
repeater is also only Arecibo FRB??

 Maybe no, as repeat bursts generally too faint
for Parkes

 What could repeater be?  We don’t know.

 Rotation-powered pulsar giant pulses?

 Magnetar giant flares?



Crab-like Giant Pulses?

Hankins & Eilek 2007

Max L~1035 erg/s



Radio Pulsar 
Energetics:
Spin-down
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Crab pulsar:  P = 33 ms, dP/dt = 4x10-13, E=5x1038 erg/s

See Lyutikov (2017)



Pros of FRBs as Magnetars

 Magnetar Giant Flares have 
few ms peaks in X-rays

 3 since 1979  ~0.1 /MW/yr
but FRBs ~10-3 /galaxy/yr 

 We must be sensitivity limited for FRBs

 Magnetars have sufficient energy: 
~1047-49 erg

 Even for repeating FRB?  Depends on 
activity life time

 Cannot be for more than ~100 yr



JVLA observes FRB 121102

Computationally
demanding!

(Law et al 2015)

Fast imaging of FRB 121102:

Fall 2015, 10 hours: no detection

Spring 2016, 40 hours: no detection

Fall 2016, 40 hours

In the first hour of a test observation…



Chatterjee et al 2017, Nature



JVLA Detections

 9 bursts in Fall 2016

 Location to 0.1 
arcsecond

 Persistent radio 
source – 200 𝜇Jy!

 30% variability

 Optical counterpart 
25th mag

Deep VLA 3 GHz image and Gemini r-band image

Chatterjee et al (2017)
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Milky Way

Tendulkar et al (2017)

Optical counterpart: a Dwarf 
Galaxy

 z=0.19273(8)

 Distance 972 Mpc

 Mass 5 × 107 Msun

 MW is 1012 Msun

 Star forming

 0.5 Msun / year

 Low metallicity

 Affects stellar 
characteristics



FRBs: Where do we stand?

 At least one FRB repeats and is definitely 
cosmological!

 Open questions

 Is this representative?

 What is the burst source?

 What is the persistent source?

 Is it related to SLSNe?



CHIME: Canadian Hydrogen 
Intensity Mapping Experiment

 Penticton, BC at DRAO

 4 20 m x 100 m cylinders

 Transit telescope

 256 dual-pol feeds per axis,
2048 input signals

 400-800 MHz

 FOV:  E-W  2.5o-1.3o,
N-S   ~120o

 Beam size 0.5o-0.3o

 CFI-funded $16M CDN:  
McGill, UofT, UBC

🇨
�

10 Terabits/s!



• Cylinder focuses light 

only in EW direction 
• Gives us large FOV



• FFT telescope in NS 

direction 
• 256 beams per cylinder



\

• 1024 beams from full 4-

cylinder CHIME
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F igur e 10. Predicted number of detect ions per hour for current and upcoming FRB surveys computed by Monte-Carlo simu-
lat ions using the Parkes rate reported by Crawford et al. (2016) as reference. The shaded regions correspond to the bursts per
hour for an arbit rary range of spect ral indices (− 2 < ↵ < + 2) while the hatched regions correspond to the bursts per hour for
the range, ↵ l im < ↵ < + 2, where ↵ l im for each γ is the spect ral index const raint derived in this paper. The shaded and hatched
regions, as well as the markers denot ing the published upper limits on the FRB rate (obtained from the corresponding references
in Table 1) have been colored di↵erent ly where there are several surveys in a certain frequency range to dist inguish between the
limits reported by each of these surveys. For MWA, the upper limit reported by T ingay et al. (2015) has been plot ted here.
Panels (a), (b) and (c) show the predicted rates for γ = 1.5, 1.2 and 0.8, respect ively. The blue shaded and hatched regions in
the frequency range of 400–800 MHz represent the varying detect ion rates for four parts of the CHIME band with a bandwidth
of 100 MHz each. Red-colored regions in the same frequency range represent the overall detect ion rate for CHIME which has
a bandwidth of 400 MHz. The regions corresponding to the four part s of the CHIME band are labelled in Panel (a) with the
labels denot ing the center frequencies of these parts, namely, 450 MHz, 550 MHz, 650 MHz and 750 MHz.

CHIME & FRBs

CHIME’s

* 220 sq deg
field-of-view

* wide 
400-800 MHz
Bandwidth

* Large
collecting Area

mean it will
detect several
FRBs per day!

Chawla et al. 2017



Conclusions

 FRBs are here to stay

 Origin remains unknown

 Perhaps all repeat?

 First localization accomplished

 Cosmological distance confirmed!

 CHIME will be a great FRB machine!



Thanks to…

Lorne Trottier Chair

in Astrophysics &

Cosmology

CHIME
Team


