
Fast Radio Bursts w/ 
Giant Radio Array for Neutrino Detection?
Albert Stebbins                                                                     GRAND mini workshop 
Fermilab                                                                                     15 December 2015 

Chicago, USA



Fast Radio Bursts (FRBs)



FRBs: bright (& non-Galactic?)



Fast Radio Bursts: Cosmological 
Dispersion Measure?



Detected Fast Radio Bursts
DM scope ν Δν Δt fluence redshift energy notes

(pc cm (MHz) (MHz) (ms) (Jy-ms) (erg)
FRB010220  375- 25-100 Parkes 1373 288 5 ~0.27 ~10 Lorimer burst

FRB010621#  745-533-100 Parkes 1373 288 7 ~0.12 ~10 disqualified

FRB011025  790-110-100 Parkes 1373 288 5 >2.3 ~0.86
FRB090625#  899- 32-100 Parkes 1300 340 <1.9 >2.2 ~1.0
FRB110220  944- 34-100 Parkes 1382 400 5.6 8.0 ~1.1 ~10
FRB110523# 623- 45-100 GBT 800 200 ~0.57 RM

FRB110627  723- 46-100 Parkes 1382 400 <1.4 0.7 ~0.61 ~10
FRB110703 1103- 31-100 Parkes 1382 400 <4.3 1.8 ~0.96 ~10
FRB120127  553- 32-100 Parkes 1382 400 <1.1 0.6 ~0.45 ~10
FRB121002# 1629- 74-100 Parkes 1300 340 <0.3 >2.3 ~3.1
FRB121102  557-188-100 Arecibo 1375 323 3.0 ~0.26 ~10
FRB131104  779- 77-100 Parkes 1382 400 [1.5,2.8] 1.0 ~0.6
FRB130626#  952- 67-100 Parkes 1300 340 <0.12 >1.5 ~1.1
FRB130628#  470- 53-100 Parkes 1300 340 <0.005 >1.2 ~0.35
FRB130729#  861- 31-100 Parkes 1300 340 <4 >3.5 ~0.97
FRB140514  562- 35-100 Parkes 1300 340 [2.1,6.2] ~0.40 ~10 0.2V realtime



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

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



FRBs: what are they? 
reasoning by rates

RFRB  ⇒  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:     RFRB ≫ RGRB  = 10-6/MWEG/yr (GRBs beamed)"
"
Core Collapse Supernovae:     RFRB ≪ RCC  = 10-2/MWEG/yr"
"
Compact Binary Coalescence: RFRB ~ RCBC  ∈ 10-4+1/-2/MWEG/yr (NS+NS➔NS/BH)"
"
extragalactic:  subclass of CCs (SURON/Blitzar), nearly all CBCs, magnetar masers"
"
galactic:  flaring stars, erratic pulsars (debris), white dwarf mergers"
"
solar system:  colliding mini-asteroids"
"
terrestrial: perytons

Loeb et al.          2013    
Kashiyama et al. 2013 
Lyubarsky           2014 
Zhang                 2014 
Falke et al.          2014 
Kulkarni et al.      2014 
Guillochon          2014



FRB Priority #1

• Find out what they are! 

• Look for counterparts (optical, 𝛄-rays, whatever). 

• Current intensive effort on radio detection of more. 

• Excellent case for co-observing.



?radio

My best guess



Schwinger Sparks may play a role
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Coincidence of Timescales for NS+NS⇒NS CBCs

Kiuchi et al. 2012

BNS merger in Numerical Relativity 8
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Figure 2. Neutrino luminosities for H135, S135, H15 and S15. The solid (short-
dashed) curves are for Hyp-EOS (Shen-EOS) models. The dashed vertical lines show
the time at which a BH is formed for Hyp-EOS models and aνe represents electron
anti neutrino.
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Figure 3. GWs observed along the axis perpendicular to the orbital plane for the
hypothetical distance to the source D = 100 Mpc for (a) H135, (b) S135, (c) H15, and
(d) S15.



FRB Triggers Increase Reach of Gravity Wave Telescopes 
NOW w/ advanced LIGO 

"
FRB Triggers Increase Reach of Neutrino Telescopes  

future with Hyper-K+
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With FRB triggers “negligible" backgrounds for z≲0.2 



Many Radio Arrays are Gearing Up to 
Look for FRBs

Very radio quiet site

Tianlai 
may in the future

Measure voltage stream 
from each feed: V(t)

FoV of these 
are typically smaller than 

about 102 sq. deg  
less than 1% of the sky



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 

• S/N ~ (TFRB/Tsys)√(Δt Δν Nfeed)     Nfeed~10
5
 

• large FoV  (~π sr)    

• kTFRB  ~ fν/(8 π k) (c/ν)
2
 

• S/N ~ 5 (fν/Jy) (π/FoV) (50MHz/ν)
2
 √(Δt/2msec)(Δν/50MHz)(Nfeed/10

5
)(50K/Tsys) 

• this is for z~0.5 nearby population should be brighter! 

• need to de-disperse!  Separate back end? Share antenna/LNA/GPS? 

• low cost electronic solutions 

• @FNAL exploring software defined radio (I/Q mixer) / Raspberry Pi on small dishes. 

• 10
2
km baselines does not localize well compared to terrestrial10

4
km VLB 

• RISK:  100MHz FRB properties completely unexplored to date. 


