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Fast Radio Bursts: A New Transient Population at 
Cosmological Distances

✦ four events discovered by Thornton et al. (2013) at high galactic latitudes 
✦ the first one event reported by Lorimer et al. (2007) 

✦ ~Jy level flux at GHz frequency  
✦ intrinsic pulse width <~ 1 msec (observed width broadened by scattering) 
✦ event rate ~ 103-4 /sky /day 
✦ dispersion measure (DM) detected

Thoronton+’13

dispersion measure 
Δt ∝ ν-2   



the Lorimer burst
✦ the first discovery of FRB, detected in 2001 
✦ reported by Lorimer+ ’07 
✦ very bright, z <~ 0.2 (DME ~ 350 cm-3 pc after MW subtracted) 
✦ “godfather” of FRBs



Godfather of CTA Japan?



large DMs! a cosmological origin?
✦ FRB’s  DM = ∫nedl ~ 500-1000 cm-3 pc! 

✦ too large to explain by DM in the Galaxy

Cordes+ ’02 
heavy solid: b=0 
thin solid: b=5 deg 
dotted: b=-5 deg



large DMs! a cosmological origin?
✦ extragalactic DM in reionized universe 

✦ DM ~ 1000 cm-3 pc at z=1 
✦ Ioka ’03, Inoue ’04 

✦ dispersion measure indicates z ~ 0.5-1 
✦ ~ 104 /sky /day ~ 4×104 yr-1 Gpc-3  (z < 1, 
〈z〉=0.75)





Proposed Scenarios for FRBs

✦ magneter/SGR giant flares (Popov+’07; Thornton+’13) 
✦ delayed collapse of hyper massive neutron stars (Falcke+’13) 
✦ binary neutron star merger (Totani+’13) 
✦ binary white dwarf merger (Kashiyama, Ioka+’13) 
✦ flares of nearby stars (Loeb+’13) 
✦ giant pulse from young pulsars (Connor+’16, Lyutikov+’16) 
✦ ...



FRBs from NS-NS mergers 

✦ FRB rate is consistent with estimates for NS-NS mergers 
✦ but marginally at the high end of the plausible NS-NS merger rate range 
✦ FRB radio emission cannot be strongly beamed 
✦ GW from NS-NS should be detected soon  

✦ predicted radio flux is at the same order with FRBs, if 
✦ dipole with B ~ 1012 G and r ~ 10 km 
✦ rotation period ~ msec 
✦ similar (radio luminosity)/(magnetic breaking energy loss) to isolated radio 
pulsars (~10-4)  

✦ short duration (msec) is naturally expected 

TT 2013, PASJ, 65, L12 



Abadie+’10



FRB event rate vs others
✦ Hassal+’13



NS-NS merger ejecta and radio emission
✦ 10-3~10-2 M◉  ejecta are expected from merger 
✦ no radio emission if they are absorbed by thick ejecta?





magnetic dipole radiation vs. ejecta formation
✦ work in progress (S. Yamasaki, TT, K. Kiuchi, M. Shibata)
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FRB 150418: identification of host galaxy  
and redshift measurement

Keane+’16, Nature, 530, 453



✦ discovered by SUPERB team using Parkes Telescope 
✦ time: 2015 Apr. 18 04:29UTC 
✦ Galactic coordinate: l = 232 deg, b = -3.2 deg 
✦ Galactic extinction AV = 5.1 
✦ observed DM: 776.2 cm-3 pc 

✦ Milky Way DM: 188.5 cm-3 pc  
✦ linear/circular polarization  8.5±1.5% / < 4.5% 

✦ in contrast to the Green-Bank FRB (Masui+’15) 
✦ alert sent out to world-wide follow-up partners within a few hours 
✦ Parkes beam FWHM diameter 14.1 arcmin

Keane+’16, Nature, 530, 453

FRB 150418: identification of host galaxy  
and redshift measurement



 Follow-up by Subaru/S-Cam & ATCA
✦ Subaru/Suprime-Cam 

✦ Apr. 19, 20 , ~06:00 UTC (1 & 2 days after FRB)  
✦ r’, i’ bands 
✦ integration time ~1000 s per band  
✦ no particularly interesting object showing 1 day 
variability 

✦ many variable Galactic stars 

✦ ATCA (Australia Telescope Compact Array) 
✦ starting ~2 hours after FRB 
✦ 5.5 and 7.5 GHz 
✦ two variable sources  

✦ one is showing positive spectral index  
✦ Fν∝να ,  α> 0 
✦ looks like a compact blazar with synchrotron 
self absorption   

✦ not peculiar in past radio surveys  
✦ another source showing negative index α=-1.37 

✦ such sources hardly show variability 



✦ detectable in 5.5 GHz for 6 days, factor of 3 
decline at 8 days from FRB 

✦ detection in 7.5 GHz only in the first 
epoch（2 hr from FRB) 

✦ constant flux after that for ~200 days  
✦ likely to be persistent flux (AGN or SF) 

✦ typical for this type of galaxy 
✦ perhaps yr-long afterglow?  

✦ yr-scale radio afterglow known for GRBs 

✦ chance probability  
✦ from ATCA data at the same frequency    

✦ < 6% (past data not so large) 
✦ VLA survey (Mooley+’16)  → 0.1-1% 

✦ transient,  or 
✦ factor ~3 variability in a week 

✦ this source seems to be associated with the 
FRB

FRB 150418 host

Brown+’11

fading radio afterglow 



FRB 150418 radio afterglow vs. GRBs
✦ the observed radio flux is similar to GRB radio 
afterglows 

✦ factor 3 flux decrease at day 6→8 
✦ spectral index α=-1.37 
✦ inconsistent with GRB afterglow model? 

✦ But... look GRB 970508 
✦ strong variability (factor 3) on day scale! 
✦ α rapidly changes from -1.15 to +1.61! 
✦ looks similar to this FRB 

✦ interstellar scintillation? 
✦ “diffractive” regime 
✦ compact source (1017cm for GRB 970508） 
✦ this FRB is close to Galactic plane 

Williams+Berger ’16



Now check the Subaru Image

✦ an elliptical galaxy at z~0.5 from morphology and color?



Spectroscopy by Subaru/FOCAS
✦ good match to an elliptical galaxy template  

✦ AV~5 de-reddened to correct Galactic extinction 
✦ z = 0.492±0.008



DM vs. z: implications for missing baryon
✦ FRB 150418’s DM = 776.2 cm-3 pc  

✦ DM (Milky Way) = 189 
✦ DM (Milky Way halo) = 30 
✦ a model for elliptical galaxy DM ~ 37  
✦ DMIGM ~ 776 - 189 - 30 - 37 = 520 
✦ uncertainty from IGM inhomogeneity ~ 100 

✦ z = 0.492  to FRB 150418, and from DMIGM → 
✦ ΩIGM = 0.049 ± 0.013  
✦ assuming wholly ionized IGM, fe=ne/nbaryon=0.88 （H + 4He） 

✦ from WMAP  
✦ Ωbaryon = 0.046±0.002 
✦ assuming 10% in galaxies,  ΩIGM = 0.041±0.002 

✦ the missing baryon problem: 
✦ more than 90% of cosmic baryon is expected to be IGM, but most of them are not 
yet observed 

✦ ionized IGM consistent with cosmology now revealed by observation 



The host is an elliptical
✦ good match to the spectral template 

✦ surface brightness profile consistent 
with the Sersic index n~4 (i.e. de 
Vaucouleur's law) 

✦ no Hα line → SFR <~ 0.2 M◉/yr 

✦ like short GRBs, this suggests a 
connection between FRBs and 
compact binary mergers (long delay 
time)



press release movie



NHK やってしまいました



and dispute!
✦ Williams & Berger ’16 claimed: 

✦ finding a radio transient in a FRB error circle is of order 1 
✦ the “host galaxy” shows strong radio variability (a factor of 3 in a few 
days) even 1yr after FRB, according to their own VLA observation 

✦ they argued that the radio flare reported by Keane+’16 is an AGN flare 

✦ However… 
✦ their estimate of probability is for radio variability on ~1yr scale  
✦ Li & Zhang ’16 reached the same conclusion with Keane+ 

✦ probability of finding unrelated “strong” variability (a factor of few in a 
few days) in an FRB error circle should be small 

✦ based on Ofek+’11 survey data (at low Galactic latitude) 
✦ there are some other follow-up radio observations of the FRB host galaxy 
~1yr after the event, but strong variability is not found



5.5 GHz light curve

✦ only JVLA data show flare at ~500 days after FRB 
✦ other data (including VLBI) do not show variability after FRB 
✦ VLBI data reveals steady radio emission at the galactic center → AGN

crosses: ATCA 
triangles: JVLA 
squares: VLBA, EVN, e-MERLIN

Johnston+’16



✦ In 7.5 GHz, ATCA データ showing a 
flare at ~460 days!? 

✦ Still, it seems that a probability that an 
unrelated flare occurred just after the 
FRB 

✦ rapid variability implies scintillation, 
but the fraction of compact AGNs to 
show scintillation is highly uncertain 
✦ perhaps contribution from yr-long 
compact FRB afterglow? 

✦ at least, FRB would be more 
compact than AGN 

✦ Anyway, we need data for more FRBs…

7.5 GHz light curve
Johnston+’16 submitted.

crosses: ATCA 5.5 GHz 
squares: ATCA 7.5 GHz



…and further confusing results…



Arecibo FRB is repeating!
✦ (Spitler+’16) 
✦ DMs are all around 560 pc cm-3 (i.e., intervening rather than source) 
✦ spectral index changes from 8.8 to -10.4  
✦ compared with other FRBs, it shows rather long duration (~10 msec), 
lower luminosity (assuming DM∝distance), different spectrum 

✦ implying a different population from other FRBs? 
✦ rumor: VLBI determination of the location and host/redshift 
determination? Spitler+’16



100 Jy FRB 150807
✦ a very bright (100 Jy!) FRB 
✦ DM = 267 pc cm-3, MW contribution ~ 70, 
zexp ~ 0.2 

✦ rotation measure 12.0 rad m-2 (consistent 
with fully MW contribution) 
✦ net extragalactic B field < 21 nG 

✦ low RM indicates negligible magnetization 
in the circum-burst plasma  
✦ disfavors young stellar populations / 
dense star forming regions 

✦ c.f. large linear polarization (44%) and 
rotation measure (186 rad m-2) from the 
Green Bank FRB 110523 (Masui+’15)

Ravi+’16



the Carina FRB 131104
✦ a FRB in the direction to the Carina dwarf 
galaxy 

✦ Swift BAT transient associated? (DeLaunay
+’16) 
✦ 3.2σ 
✦ T90 > 100 s 
✦ E ~ 5 x 1051 erg if z ~ 0.55 from DM



✦ No radio detection for the Swift counterpart 
(Shannon+’16) 
✦ upper limit more stringent than typical 
expectations from GRB afterglow 

✦ nISM <~ 10-3 cm-3  (Dai+’16; Gao+’16; 
Murase+’16) 

✦ favoring old stellar populations rather 
than young star forming regions 

✦ Shannon+’16 reports an interesting variable 
radio source, peaking near to FRB, whose 
location is DIFFERENT from the Swift 
source 
✦ two optical sources for the radio source

the Carina FRB 131104 contd.



✦ upper-right source coincident to the radio 
source 

✦ spectrum implies that the upper-right 
source is an AGN, while the lower-left 
source is an early type galaxy  
✦ z = 0.805, 0.888  

✦ FRB comes from an AGN? Just a 
coincidence? Perhaps FRB radio afterglow? 

the Carina FRB 131104 contd.


