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Fast Radio Bursts

� Brief (~ms) radio bursts 

� 1st :  Lorimer et al. 2007

using Parkes @ 1.4 GHz

� Today: ~30 known

Parkes Telescope, Australia

� Estimated rate: 

~1,000 /sky/day @ 1.4 

GHz

� Extragalactic, probably 

cosmological

� ORIGIN UNKNOWN!

� See next talk



The “Lorimer” Burst

Lorimer et al. 2007 Science
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Free Electron Distribution

Milky Way
Model: 
Contours 
of constant
free electron 
column 
density
column 
density

Cordes & Lazio 
2002



“The Lorimer Burst”

DMmax = 25 pc/cm3

DMburst = 375 pc/cm3

!!!!!

Lorimer et al. 2007, Science

!!!!!



FRBs are at Cosmological 

Distances

� Roughly isotropic sky 
distribution

� Dispersion of radio waves 
strongly suggests 
extragalactic origin

� Standard models of � Standard models of 
intergalactic medium
suggest cosmological 
distances

� Could make excellent 
cosmological probes
(e.g. McQuinn 2014, Masui & 
Sigurdson 2015,
Yang & Zhang 2016,
Fialkov & Loeb 2016,
Shull & Danforth 2018)

Data from frbcat.org



FRB Cosmological Distance

� IGM Models:    DMIGM = 1200 z pc/cm3

� Implies z=0.3 for Lorimer burst

� Corresponds to ~1 Gpc… really far!

� BUT: likely upper limit� BUT: likely upper limit

� some DM may be in host galaxy:

DMtot = DMMW + DMIGM + DMhost

� For d=500 Mpc: radio energy ~ 1040 erg

or ~1043 erg/s       [1 erg = 10-7 J]



Large Error Regions!

64-M PARKES64-M PARKES

300-M 
ARECIBO

25 KM VLA



FRB 121102

� Found at Arecibo

� First non-Parkes
FRB

� DM = 558 pc/cm3

= 3DMmax

� Note unusual

Spitler et al. 2014

� Note unusual
spectrum
� Spectral index ~+9!

� Assumed due to
offset from beam
centre



Arecibo FRB Repeats!

� Rules out cataclysmic

models (for this source)

� >10 more bursts detected

in 2016; many more since

� Hugely varying spectra

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

� Hugely varying spectra

� Bursts come in clusters



JVLA observes FRB 121102

Computationally
demanding!

(Law et al 2015)

Fast imaging of FRB 
121102:121102:

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

� Localization to 0.1”

� Persistent radio 

source – 200 �Jy!
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8-m Gemini Telescope
Hawaii

source – 200 �Jy!

� 30% variability

� Optical counterpart 

25th mag dwarf

galaxy at z=0.2

Deep VLA 3 GHz image and Gemini r-band image

Chatterjee et al (2017)

Confirms this source
is at cosmological distance





FRB 121102 

Rotation Measure

�



FRBs: Where do we stand?

� At least one FRB is proven cosmological!

� Open questions 
� Is repeater representative?  Or multiple classes?

� Coincidence that only Arecibo FRB also only � Coincidence that only Arecibo FRB also only 
repeater??

� What is the burst source? 

� Compact object?  See next talk for models.

� What is the persistent source?

� What is RM source?

� Is repeater related to SLSNe?



Upcoming FRB Detectors

Apertif UTMOST LOFAR

Meerkat ASKAP

HIRAXCHIME



CHIME: Canadian Hydrogen 

Intensity Mapping Experiment

� Penticton, BC at DRAO

� 4 20 m x 100 m cylinders

� Transit telescope

� 256 dual-pol feeds per 

�

�
chime-experiment.ca

� 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



CHIME/Fast Radio Burst Team
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• 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



But that’s not all!



CHIME FRB Rate Estimate

CHIME/FRB rate

predictions based 

on all-sky rate 

estimate

Lawrence et al. 

(2017)

CHIME Collaboration, ApJ, in press

(2017)

587+924
-272 /sky/day

BUT

Vander Weil et al.

(2016) say

2900+7300
-1100/sky/day

for high b



CHIME System Diagram



CHIME/FRB

X-Engine
F-Engine



CHIME/FRB Detection Pipeline



CHIME/FRB Status

� CHIME telescope online, being 

commissioned

� CHIME/FRB backend online, 

mostly functional:  

99/130 L1 nodes + L2/L3 + L4 

nodes (~600 beams) installed,

being commissionedbeing commissioned

� Has operated for few-day-long 

intervals successfully but not

yet optimized

� Pipeline working, being 

commissioned

� CHIME/Pulsar instrument:  10 

tracking beams, being 

commissioned



The CHIME/FRB Sky



Conclusions

� FRBs are here to stay

� Origin remains unknown

� Multiple classes?

� First localization accomplished� First localization accomplished

� Cosmological distance confirmed!

� Many new FRB detectors about to

come online!



CHIME Drone Fly-by

chime-experiment.ca


