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FRB: discovery 

FRB is a transient radio pulse lasting a few 
milliseconds. They are bright, unresolved, non-
repeating, broadband flashes. 

So far 17 FRBs have been detected, all but one by 
the Parkes radio telescope (Australia). 

The origin of fast radio bursts is not known: they 
are generally thought to be extragalactic due to 
the anomalously high amount of pulse 
dispersion observed. 



Some facts 
• FRB 121002 had a double pulse 

5.1 ms apart. 
• FRB 140514 was found to be 21% 

(+/- 7%) circularly polarized. 
• FRB 110523 (discovered in 

archival data from the Green 
Bank Telescope). Detection of 
both circular and linear 
polarization. 

• FRB 150418, detection of linear 
polarization. Possible association 
to an elliptical galaxy with z=0.5. 



Dispersion 

Dispersion occurs because electromagnetic waves 
traversing an ionized medium (ISM or IGM) 
experience a frequency dependent change in 
group velocity. For steady sources dispersion is 
not observable, but for short time-scale pulsed 
emission, like pulsars, dispersion of the signal 
becomes important and measurable. In general, 
due to dispersion the broadband, temporally 
narrow pulses at the source are observed 
smeared in time. 
 



Dispersion measure 



Large DM as an indication for 
extragalactic origin 

• With a variety of techniques, including pulsar 
measurements, the approximate 3-dimensional 
mapping and modeling of ionized material in the 
Milky Way has been possible. 

• By using this map one can approximate the 
maximum DM that a source located in the Galaxy 
could have as function of position on the sky. 

• Calculations performed for the “Lorimer Burst”, 
FRB 010724, give DM=25 cm^-3pc, while the 
observed one is DM=375 cm^-3pc, indicating the 
distance of 500 Mpc. 



FRB 150418 

• DM=776 cm^-3pc, 4.1 larger than the Galactic 
contribution in this direction. 

• Frequency 1.382 GHz. 
• Observed pulse width 0.8+/-0.3 ms. Intrinsic 

pulse width is unresolved. 
• Radio afterglow is discovered lasting about 6 

days. 
• Host galaxy is identified as elliptical galaxy at 

z=0.492+/-0.008 with M=10^11 solar masses. 



Host galaxy for FRB 150418? 



The burst 



Baryonic density measurement 
• The intergalactic baryonic density can be measured: 
 

 
 

 
 
• DM(halo)= 30 cm^-3pc, 
• DM(MW)= 189 cm^-3pc, 
• DM(host)= 37 cm^-3pc (modelled). 
 
It implies: Ω(IGM)=0.049+/-0.013, for fe=0.88. It is consistent 

with WMAP result Ω(baryons)=0.046+/-0.002. 



Possible progenitor 

• Elliptical galaxy: compact merger? 
• The afterglow is similar to radio afterglows of 

short GRBs. 
• High brightness temperature 10^14 K above 

the Compton cooling limit of 10^12 K imply 
modest Lorentz factor. 

• If variability in brightness and specral index 
are caused by scintillations, then the source is 
very compact. 



Different viewpoint 



Arguments against afterglow 
interpretation 

• Observed radio spectral luminosity imply high 
star formation rate of 10^2-10^3 Msol/year. This 
is inconsistent with <0.2 Msol/year inferred from 
the optical spectrum. 

• Chance discovery of another variable source is 
non-negligible (up to 5 conicident variable 
sources per Parkes beam). 

• Incompatibility with ultrarelativistic blast waves: 
assuming Lorentz factor 10^2, one obtains kinetic 
energy 10^44 erg and ISM density 10^8 cm^-3.  



Conclusions 

• Due to large dispersion measure FRBs are 
likely cosmological. 

• If so, there is a possibility to measure 
independently baryonic content of the 
Universe with FRBs. 

• At present association with eliptic galaxy looks 
doubtful. 
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