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Very short (~ms), very bright (~Jansky), radio flashes

Similar to pulsar signals 
(but not periodic, almost all single)

Rate ~103 /sky/day 

at 1 Jy (Lawrence+2017, ++)

35 reported since 2007

WHAT ARE FRBS?
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Detected between 800 MHz–8 GHz 

All surveys between 

400 MHz–1.8 GHz

Heteregenous sample

- Spectra

- Complexity

- Polarization

- Faraday rotation

WHAT ARE FRBS?
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Dense stellar remnants

10 km radius – 3 x1030 kg mass
Core densities of 1017 kg m–3

B-field ∼1014–15 gauss

Lose energy into EM radiation

Radio pulsars  Rotation powered
Periodic radio pulsations

Magnetars  Magnetic field powered
Intense X-ray/gamma-ray bursts

NEUTRON STARS
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DISPERSION MEASURE

Δt ∝ DM × freq–2

DM (pc cm–3) == total number of electrons from obj. to obs.

Lorimer (2007)
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DISPERSION MEASURE

Pulsars

FRBs

Yao+ 2016

Electron density model of the Milky Way

DM measurements of pulsars
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DISPERSION MEASURE

IGM dispersion  cosmological distances

 1012 times brighter than pulsars!

Lorimer (2007)

DM = 375 pc/cm3
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WHAT ARE FRBS?

Superconducting dipoles

Dicke’s superradiance

Pulsar “combs”

Current sheets

Cosmic string cusps

Exotic forms of matter – axion stars, 

quark novae

Pulsars on steroids
(don’t last long)

Magnetar giant flares
(rate inconsistency, X-ray 

counterparts)

Merging compact objects

(NS-NS, NS-BH, WD-WD)
(X-ray, GW counterparts)

Accretion induced 

instability on NS
As experimenters —

How do we test these?

FRB-Theory-Cat
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FRBS AS PROBES

Earth FRB Source

Distances of ~ Gpc (3 x 1025 m)
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FRBS AS PROBES

Earth FRB Source

Galaxy haloes

Large scale structure

Increased dispersion measure, absorption

Probe the missing baryon problem (30-40% of baryons untracked)

Traced to Warm-Hot Ionized Medium (Nicastro+2018, de Graff+2017)

Completely new probe of WHIM
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FRBS AS PROBES

Earth FRB Source

Small scale structure (plasma turbulence)

Probing Structure + 

Turbulence

Turbulence in host or Milky Way

Scattering, scintillation
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FRBS AS PROBES

Earth FRB Source

Magnetic fields  Faraday rotation

B

Probe the primordial magnetic field distribution (Akahori+ 2017)

Also probe environments around the 

FRB (Michilli+ Nature 2018)
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FRBS AS PROBES

Earth FRB Source

Gravitational Lensing, millisecond time delays

Compact objects

Limit the fraction of dark matter in compact objects (Wang+ 2018)

1 in 104-5 FRBs could be detectably lensed
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TESTING MODELS

CHIME

Arecibo VLA, GMRT

Fermi

Swift
Astrosat LIGO

Intrinsic properties:
• Spectra

• Widths, substructure

• Polarization 

Astrophysical correlations:
• NS-NS, NS-BH mergers  old stellar populations, 

elliptical galaxies

• Magnetars  young stellar populations, high star 

formation rate

• AGNs  FRBs near galactic nuclei

• Dark matter  Halo cores

Prompt counterparts
• X-ray/gamma-ray bursts

• Gravitational wave events

• Neutrino emissions?



RECENT RESULTS

The repeating FRB 121102



MOST FRBS ARE SINGLE SHOTS …

But one of them repeats 
Spitler et al 2016 (Nature)

Very sporadically
(No periodicity, not poisson)

Weird Bursts (Hessels+ in prep)



Fantastic follow up opportunity 

for localization

3 arcmin  0.1 arcseconds



Chatterjee et al 2017, Nature

FRB 121102

Persistent radio source

Host Galaxy

LOCALIZATION

FRB localized (Chatterjee+2017)

In a dwarf galaxy at z=0.1932 
(Tendulkar+2017)



WHY IS IT IN A DWARF GALAXY?

Milky Way

Bassa, Tendulkar et al (2017)

HST WFC3 F110W

Mass ≈108 Msun (Tendulkar+2017)

Star formation rate ≈ 0.1 Msun yr –1

Metallicity, log[O/H] = 8.0±0.1

Similar to LGRB/SLSNe-I hosts
Millisecond magnetar model (Metzger et al 

2017)

Could repeating FRBs trace decades old 

LGRBs/SLSNe-I?

Slight offset



ROTATION MEASURE

Michilli D. ++ SPT 2018

Huge rotation measure (RM) ∝ ∫ neB ||ds

RM = 1.3×105 rad m–2

(Huge and variable!)

Extreme environment only found near 

supermassive blackholes

Some theoretical combinations Te, ne and L 

for  supernova remnants possible

Still consistent with the LGRB/SLSNe-I 

connection



IS THIS UNIQUE OR 
COMMON?



IS IT UNIQUE?

Are there two distinct populations of 

repeaters and single bursts?

Or is it a smooth distribution?

Temporal clustering makes it *very* challenging to draw conclusions 

(Opperman & Pen 2017) 
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Age, B-field, or some other parameter



SAMPLE OF FRBS

In the past decade  35 FRBs

With a heterogeneous set of telescopes and 

detection pipelines.

What we need is a statistically homogenous sample 

that is sensitive to repeaters.

1. Large single survey

2. Careful instrument + pipeline design

3. Sensitivity testing and monitoring 25
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CHIME

Transit telescope designed to study Baryon Acoustic 

Oscillations at z=0.8–2.5

Four 20m x 100m North-South cylinders

256 dual-pol feeds on each cylinder

400-800 MHz bandwidth

FOV:  E-W  ~2.5o–1.3o,

N-S   ~120o

CFI funded FRB backend for real-time detection:

CHIME/FRB

~250 sq deg

Parkes: 0.6 sq deg

Arecibo: 0.02 sq deg

Canadian Hydrogen Intensity Mapping Experiment



THE SWEAT AND GRIME BEHIND THE 
PRISTINE UNIVERSE

128 km of coax

80 km of single 

mode fiber

1024 GPUs, 

~400 nodes 



CHIME FRB RATES
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Work by Pragya Chawla (Chawla+2017)

1 – 10 FRBs per day!

Uncertainty due to 

spectral distribution 

etc.

Frequency band where 

no FRBs existed



FRBS AND CHIME

What we want Can CHIME deliver?

Thousands of events for event rate, flux 

distribution, angular distribution, DM distribution, 

scattering vs DM, …

Yes 

Flux, spectra corrected for beam 

sensitivity

Find Repeaters Yes

Real-time triggers Yes  GCN, VO, ATel Digest

Sensitivity to polzn vs freq, vs time Yes

Localization:

Absolutely necessary for distinguishing models

Arcminutes: Within CHIME (SNR 

dependent)

Arcseconds: Maybe, if optical/X-ray 

bursts/afterglows exist*

OR

VLBI
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CHIME

F-Engine F-Engine

Analog signal chain

Digitizers + FPGAs

X-Engine X-EngineGPU correlator

CHIME Cosmology CHIME-FRB CHIME-Pulsar

E & W 

Receiver 

Huts

N & S 

GPU 

Huts

1024 freq channels

n2 visibilities

30 sec

16k freq channels

1024 stationary 

intensity beams

1-ms sampling
1024 freq channels

10 tracking voltage beams

2.5-us sampling

130 Gbps

~ 13 Tbps

256 feeds



• Cylinder focuses light 

only in EW direction 
• Gives us large FOV
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• FFT telescope in NS 

direction 
• 256 beams per cylinder

33

FFT beamforming (Cherry Ng)

(See Ng+ 2017)



\

• 1024 beams from full 4-

cylinder CHIME
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FFT beamforming (Cherry Ng)
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As the day passes



CHIME/FRB PIPELINE
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L0 node

L0 L1 L2 L3 L4

FFT beamforming
1024 int ensit y beams

Upchannelization

RFI rejection

Dedispersion & Detection

Sifting/ grouping

Grouping

RFI rejection

Localization

Flux estimation

Source identification

Extragalactic check

Action decision

Action implementation

Databases
Header dat a

Int ensit y dat a

Baseband dat a

Offline analysis

Web interface+ Alerts

L0 node

L0 node

L1 Node

L1 Node

L1 Node

L2/ L3 Node Archiver +  DB

Baseband callback

Intensity callback

128 streams

64 freq. chan. 

x 8 beams

P ulsar 

t racking 

beam

Real t ime (dispersion sweep +  2-3 seconds)

Buffer Buffer

Single-Beam Analysis Mult i-Beam Analysis

X-Engine Housing CHIME/ FRB Housing

256 nodes 128 nodes

Alert  

community

M. Boyce, P. Boyle, S. Brar, D. Cubranovic, E. 

Fonseca, U. Giri, A. Josephy, V. Kaspi, K. Masui, A. 

Naidu, C. Ng, 

C. Patel, Z.Pleunis, M. Rafaiei, P. Scholz, K. Smith, 

SPT



RFI EXCISION AND FILTERING
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Three stages of RFI detection: Intensity data, single beam event information and 

multi-beam information.

Combination of outlier rejection statistics + machine learning with large samples

One real signal for 105 false signals
Example

• Next step is “sifting”: we decide whether an event is 

astrophysical or RFI, based on its profile in the (DM, 

time) plane. 

• Currently a placeholder until initial filtering is finalized. 

• We expect that the computational cost will be very small, 

of order 0.01 cores/beam.

L1B code

Intensity data Broadbandedness Multibeam distribution
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Viewer made by Alex Josephy

Aeroplanes

Pulsar

FRB!

By Charles Moatti



FIRST FRB
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CHIME FRBS
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DM = 849.19 pc cm–3 (DMgal = 70 pc cm–3 )

PRELIMINARY

Time span = 256 ms

PRELIMINARY

Time span = 256 ms

DM = 1005.49 pc cm–3 (DMgal = 233 pc cm–3)DM = 316.93 pc cm–3 (DMgal = 80 pc cm–3 )

Time span = 256 ms

PRELIMINARY



CHIME COMMISSIONING
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Increasing number of active beams on the sky: 550  1024

Network checks --> Ensure packet flows

Beam calibration 

Push down the SNR threshold

Sensitivity + Completeness

 Setup a parallel pipeline with injected pulses

Testing voltage buffer dumps  Polarization, Beamforming



BRIGHT, NEARBY FRBS
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Can we optimize algorithms to 

not search broadband?
Large datarate machine learning problem

(Prateek Yadav MSc thesis, UBC)

Need a pixel-to-pixel RFI 

prediction

Microstructure revealed in FRB170827 5

F igur e 2. FRB170827 coherent ly dedispersed with dispersion measure = 176.8 pc cm− 3 . St ructure in FRB170827 is seen at t he highest

available resolut ion of t he inst rument at 10.24 µs and 97.66 kHz. T he bot t om-left panel shows t he dynamic spect rum of the event . I t

shows a region of enhanced emission between 841 and 843 M Hz, st riat ions on a scale of 100-200 kHz and “ spiky” emission features which

can be brighter than 1 kJy. T he upper panel shows the temporal profile with three major features – a sharp leading feature, a weak

intermediate feature and a broad t railing feature. T he right panel shows the t ime-integrated spect rum of the event as S/ N per channel,

fur ther il lust rat ing prominent st ructure on 100-200 kHz scales.

where ∆ S(⌫) = S(⌫) − S̄, with S̄ being the mean flux den-

sity, and N the number of frequency channels. The zero lag

value, associated with self noise, was excised from the auto-

covariance funct ion. The ACF was then normalised by it s

maximum and fit ted by a Gaussian funct ion of the form:

⇠(∆ ⌫) = exp
h
− b∆ ⌫

2
i
. (3)

T he const ructed ACF is shown in Fig. 4. The decorre-

lat ion bandwidth, ∆ ⌫d , is usually defined as the frequency

lag where the ACF decays to half power (Cordes 1986). The

computed ∆ ⌫d ⇠ 1.5 MHz is consistent with what is ex-

pected along the line of sight , as shown by the NE2001

model, where ∆ ⌫d,N E 2001 ⇠ 0.8 MHz at 835 MHz. In Fig. 4,

we show the cross-covariance funct ion (CCF) of the spect ra

of the leading and t railing features of the temporal profile

(see § 4.2). The CCF peaks at zero-lag, and shows only mod-

est asymmet ry that is consistent with arising from sample

variance and noise. I f the scint illat ion pat terns are ident ical

between the two feature windows, the ACF and CCF would

have the same shape (Cordes et al. 1983). We conclude that

the dynamic spect rum of FRB170827 is consistent with aris-

ing from scint illat ion.

Another notable feature of the dynamic spect rum of

FRB170827 is the 100-200 kHz wide st riat ions seen across

the pulse profile. These cannot be explained by a passage

through the ISM, as they are⇠ an order of magnitude nar-

rower than is expected for the line of sight for the NE2001

model. Below, we consider the possibility that they arise in

a second scat tering screen, well outside the Milky Way.

Interstellar scint illat ion can amplify pulsars and FRBs

that are otherwise beneath detect ion thresholds and make

them detectable. FRB170827 was well above our detect ion

threshold however, and even saturated our detector system

in some channels prior to analysis of the voltage data. A

fainter version of FRB170827 might have only been visi-

ble across ⇠ 2 MHz, and may have been overlooked by our

search algorithms. Searches for narrow-band FRBs may un-

veil more events if they can st ill be di↵erent iated from ter-

rest rial interference.

MNRAS 000, 1–10 (2018)

FRB spectra has been shown to be spiky 

(2kJy in < 100  kHz) especially at high bit-depth
Detectable by smaller, large FoV telescopes. 

Need very high time and freq res



CHIME FUTURE
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CHIME Full operation  October 2018

Detect 350 – 3600 FRBs per year

CHIME-VLA effort to localize repeaters
(Get similar capability at GMRT soon)

CHIME Outriggers  Phase 0 study (Sept 2018 — early 

2019)
Baselines of 1000s kms to give milliarcsecond localization
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