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RADIO BURS [ S
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As more flashes
are detected,
astronomers seek
explanations
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Fast radio bursts




Fast Radio Bursts: Cosmological
D|S|oerS|on Measure”
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Detected Fast Radio Bursts
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FRBs: frequent

Lorimer (2013) extrapolated to all sky: 104/day ~ 4x106/year

4 D. R. Lorimer et al.
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Figure 2. Predictions from our FRB population model. The left panel shows flux—redshift relationships for surveys carried out at
1400 MHz (solid line), 350 MHz (dashed line) and 150 MHz (dotted line). The centre panel shows the event rate normalized such that
at z = 0.75 the implied event rate is 10,000 FRBs per day per sky as inferred by Thornton et al. (2013). The right panel shows the

predicted burst rates above some threshold flux density S at 1400 MHz (solid line), 350 MHz (dashed line) and 150 MHz (dotted line).

Lorimer (2013) extrapolated to all sky: 104/day ~ 4x106/year



FRBs: what are they?

reasoning by rates

Rrre = 104/sky/day @ 3 Jy ms
= 104/sky/day (3 Jy ms/F)(3/2) (assume Euclidean)
= 104/Gpc3/day (believe extraGalactic distances)

= 10-3/MWEG/yr (believe extraGalactic distances)
MWEG = Milky Way Equivalent Galaxy

Gamma Ray Bursts:  Rrrs » Rers = 106/ MWEG/yr (GRBs beamed)

Core Collapse Supernovae: Rrre « Rcc = 102/ MWEG/yr
Compact Binary Coalescence: Rrre ~ Rcec € 10-4+1-2/MWEG/yr (NS+NS->NS/BH)

extragalactic: subclass of CCs (SURON/BIlitzar), nearly all CBCs, magnetar masers

. , , , , Loeb et al. 2013
galactic: flaring stars, erratic pulsars (debris), white dwarf mergers  kashiyama et al. 2013
Lyubarsky 2014

solar system: colliding mini-asteroids Zhang 2014
Falke et al. 2014

Kulkarni et al. 2014

terrestrial: perytons Guillochon 5014



-FRB Priority #1

Find out what they are!
Look for counterparts (optical, y-rays, whatever).
Current intensive effort on radio detection of more.

Excellent case for co-observing.



My best guess

Crashing neutron stars can make @ radio  burst jets?

Magnetic fields

Neutron stars

Masses: 1.5 suns

Diameters: 17 miles (27 km)
Separation: 11 miles (18 km)

Simulation begins 7.4 milliseconds 13.8 milliseconds

Jet-like
magnetic field
emerges

Black hole forms
Mass: 2.9 suns
Horizon diameter: 5.6 miles (9 km)

15.3 milliseconds 21.2 milliseconds 26.5 milliseconds

Credit: NASAJAEI/ZIBM. Koppitz and L. Rezzolla




Schwinger Sparks may play a role

perhaps same as pulsar nsec pulses
(Stebbins, Yoo 2015)
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Flux Density (Jy)
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Gravitational Wave Signal
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FRB Triggers Increase Reach of Gravity Wave Telescopes
NOW w/ advanced LIGO

FRB Triggers Increase Reach of Neutrino Telescopes
future with Hyper-K+

CBC: NS + NS = NS CC during CBC
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With FRB triggers “negligible’ backgrounds for z=<0.2



Many Radio Arrays are Gearing Up to
Look for FRBs

Tianlai
may in the future
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less than 1% of the sky Very radio quiet-site

aaaaaaaaaa

SRI UANRA




GRAND?

A FRB is not a single EMP waveform (it may be a superposition of many many EMPs)
* like most radio sources it is broad band radio noise

SIN ~ (Terg/To V(AL AV Nie)  Nigog~10°

large FoV (~ sr)

KTrrg ~ /(8 TTK) (C/V)2

SIN ~ 5 (f,/Jy) (/FOV) (50MHzZv) J(AY2msec)(Av/SOMHZ)(Niey/ 10 )(5OK/T, o)

* this is for z~0.5 nearby population should be brighter!
need to de-disperse! Separate back end? Share antenna/LNA/GPS?

* |ow cost electronic solutions

« @FNAL exploring software defined radio (I/Q mixer) / Raspberry Pi on small dishes.
2 _ _ 4
10 km baselines does not localize well compared to terrestrial10 km VLB

RISK: 100MHz FRB properties completely unexplored to date.



