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Travelling through an ionised 

medium, radio waves arrive 

earlier at higher frequencies.

DISPERSION OF A RADIO SIGNAL
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2007: THE LORIMER BURST

 First case of detection of an extragalactic dispersed radio burst 



2013: THE DISCOVERY OF A POPULATION OF FAST RADIO BURSTS



2013: THE DISCOVERY OF A POPULATION OF FAST RADIO BURSTS

Clear signature of a signal 
undergoing scattering in 

FRB110220 



MORE FRBS FROM MORE TELESCOPES!
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THE OFFICIAL CATALOGUE OF PUBLISHED FRBS 

frbcat.org

http://frbcat.org


OBSERVATIONAL FEATURES

• Burst of  ≈ millisecond duration 
!

• Dispersion measure DM  > few × DMMW 
(the expected Milky-Way contribution) 
!

• Dispersion delay consistent with ν-2 (e,g. 
ν-2.003±0.006, ν-2.000±0.006, ν -1.998±0.003) 
!

• When measurable, scattering time 
compatible with Kolmogorov (e.g ν-4.8±0.4, 
ν-4.0±0.4, ν-3.6±1.4) 
!

• Peak Flux density at 1.4 GHz  ≈  0.1-10  
Jansky 
!

• Fluence at 1.4 GHz ≈  0.1-10 Jansky * ms

[Thornton et al 2013, Spitler et al 2014, Masui et al 2015, Keane et al 2016, Champion et al 2016, FRB catalogue ]
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 If the frequency dependent arrival time of the FRBs is due to dispersion in a cold 
plasma, it is possible to use the observed DM to constrain the distance of the source.  

!
Building up on pioneering works of   [Ioka 2003] and   [Inoue 2004],  one can write 

the relation between DM, the Luminosity Distance DL , the redshift z, the matter 
density parameter in the universe Ωm, the mean number density n0  of nucleons at z=0 

and fe ≈ 0.88 at low redshift



DERIVED FEATURES

• Red-shift                             0.2  < z < 2.0 (IGM from [Ioka 2003;Inoue 2004]) 
!

• Co-moving distance           1 < D (Gpc) < 3 
!

• Isotropic emitted energy     1038 < Eiso (erg) < 1040 

!
• Brightness temperature       1033 < T (K) < 1036 

!
• Event Rate                           103;4 per sky per day (10-2;-3 per galaxy per year)

   Assuming that the extra-DM is mainly due to the Inter Galactic Medium, one can derive the 
following additional parameters:

Given the observed parameters



• Bursts from corona of very nearby flare stars [Loeb et al. 2013] 
• Asteroid/Planet/WD magnetosphere interaction with the wind from a orbited pulsar/NS 

[Mottez & Zarka 2014]  
• Core Collapse SuperNovae, [Thornton et al 2013] 
• Binary WD merger to highly magnetic rapidly spinning WD [Kashiyama et al 2013]  
• Binary Neutron Star merger; short hard GRBs  [Keane  et al. 2012, Totani et al 2013, 

Zhang et al 2014]   
• Evaporating primordial BH [Keane et al 2012] 
• BH to WH quantum transition [Haggard & Rovelli 2014] 
• Collisions btw axion stars and neutron stars [Iwazaki  2014]  
• Explosive decay of axion miniclusters [Tkachev 2014]  
• Superconducting cosmic string (SCS) loops [Cai et al. 2012] oscillating in cosmic 

magnetic fields [Yu et al 2014] 
• Blitzar: Collapse to BH of a supramassive NS [Falcke & Rezzolla 2014] from an 

original scenario of  [Vietri & Stella 2000] 
• Magnetar giant flares [Popov & Postnov 2010, Thornton et al 2013] 
• Hyper Pulses from extra-galactic NSs [Cordes & Wasserman 2016] 
• Pulsar magnetorsphere “combed” by plasma stream (AGN, SN, GRB,…) [Egorov & 

Postnov 2009; Zhang 2017]

SO, WHAT ARE FRBS?
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   If cosmological, with a series of  independent  z determinations (from the 
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• measure the density of the ionised component of the IGM [Zheng et al. 2014] 
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FRBS AS COSMOLOGICAL PROBES

   If cosmological, with a series of  independent  z determinations (from the 
identification of the source at other wavelengths), one could

• measure the density of the ionised component of the IGM [Zheng et al. 2014] 
• measure the missing baryonic matter in the Universe [MacQuinn 2014]] 
• probe the era of Helium re-ionisation at z ≈ 3 [Zheng et al. 2014]
• constrain the EoS of the “dark energy”  [Gao et al 2014; Zhou et al 2014]
• put constraints to fundamental quantities and laws [Wei et al 2015]
• put limits to the existence of floating MACHO-like objects in the IGM via 

gravitational lensing [Zheng et al. 2014]
• 3D clustering of the electrons in the Universe, with > 10000 FRBs,  even without 

redshift [Masui & Sigurdson 2015]
• put limits to the fraction of “dark matter” in MACHO of  >20M◉ via counting the 

number of echoes due to gravitational lensing [Munoz et al 2016] 
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SUPERB: FRBS IN REAL TIME!

SUrvey for Pulsars and Extragalactic Radio Bursts

20cm, 13-beams receiver 
-120 < l < 30; 15 < |b| < 25  
30 < l < 50; |b| < 25  
!
SUPERBx ongoing 
|b| > 25º

!
The FRB search is done in RAM “live” thus leading to real time discoveries



SUPERB FOLLOW-UP



FRB121102: THE REPEATER!

Follow-up pointings with Arecibo (1.4 
GHz)  and Green Bank (2.0 GHz) 
telescope toward the position of 
FRB121102 [Spitler et al. 2014] 

!
seen to repeat! 

[Spitler et al. 2016]
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THE REPEATING FRB121102 - LOCALISATION

VLA



THE REPEATING FRB121102 - LOCALISATION

Gemini

dwarf starburst galaxy !
at z ~0.2
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Extragalactic!
One repeats: no catastrophic origin.

SO, WHAT ARE FRBS?



Extragalactic!
One repeats: no catastrophic origin.

More than one family?

Need more FRBs and more localisations.

SO, WHAT ARE FRBS?



CHIME

PAF - Apertif MeerKAT, ASKAP, SKA

NEW INSTRUMENTATION FOR FRBS

Realfast @VLAUTMOST 2-D

HIRAX

HERA



CHIME

PAF - Apertif MeerKAT, ASKAP, SKA

NEW INSTRUMENTATION FOR FRBS

Realfast @VLAUTMOST 2-D

HIRAX

HERA

!

  Large FoV + localisation    
FRBs daily! 



... STAY TUNED ... 

THANKS !





[Keane et al.  2016, Nature]
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[Keane et al.  2016, Nature]

NOTABLE FOLLOW-UPS: FRB150418

From z and DMIGM, for each given set 
of cosmological parameters H0 , Ωm 
and ΩΛ, plus the fraction of ionised 
atoms fe , one can get the baryon 
density along the line of sight ΩIGM 

ΩIGM  = 4.9 % ± 1.3 % 

2 hr !
interferometry

variable  source
DM 776 pc/cm3 Johnston et al. 2017



NOTABLE FOLLOW-UPS: FRB 131104

Shannon & Ravi 2016

Triggered ATCA



NOTABLE FOLLOW-UPS: FRB 131104

Shannon & Ravi 2016 De Launay et al. 2016

Triggered ATCA Untriggered Swift BAT

near the edge of the FoV



NOTABLE FOLLOW-UPS: FRB 131104

Shannon & Ravi 2016
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2015: PERYTONS’ MYSTERY SOLVED!

Petrof et al. 2015 (MNRAS)



Champion et al. 2016. MNRAS.

2016: MORE FRBS FROM PARKES


