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First case of detection of an 
highly dispersed and bright 
radio burst 
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FRB20010724

Duration Dt ≈ 5 ms

Dispersion Measure DM ≈ 375 pc/cm3 

FRBs’ saga: 1st episode 



Contributions to the dispersion measure and distances

Extragalactic and highly energetic events 

Using the simplified formula of [Ioka 2003] or [Inoue 2004] for the redshift 
vs DM relationship (for z < 1), recently improved by [Mcquart et al 2020]

z    ≈   DMcosmic (pc/cm3) / 1000 
one can use DMcosmic as a proxy for the distance of the source 

Distance DL ≈ 1 Gpc
whence an Extragalactic origin !

… and also for the energy released in the event

where F! = S! W ≈ 30 Jy ms

"! ≈ 109 Hz 

Energy released EFRB ≈ 1040 erg [Lorimer et al 2007] [courtesy Matteo Trudu]

DMcosmic = contribution of 
the Inter Galactic Medium

DMMW,ISM = contribution of the Milky Way
DMMW,halo = contribution of the Milky Way Halo } DMhost = contribution of the host Galaxy
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Discovery of a population
of FRBs at Parkes

FRB20110220A, FRB20110627A, 
FRB20220703A, FRB20120127A 

FRBs’ saga: 2nd episode 



It is located at https://www.wis-tns.org/

Saga’s characters

Select time interval and FRBs population

Note that repeaters appear 
with various names, but are 
associated to the original one

As today there are 630 catalogued FRBs



≈ 2800 sky/day for fluence > 2.0 Jy * ms at 1.4 GHz from Parkes surveys “complete”
[Keane & Petroff 2015] 

Nowadays the determination became much more sophisticated, trying to fully include observational biases: 

≈ 105 sky/day for fluence > 0.0146 Jy * ms at 1.4 GHz for 1 ms event at 7! [Niu et al 2021]

≈ 820 ±60 ±200 sky/day for fluence > 5 Jy * ms at 0.6 GHz  [CHIME/FRB 2021]

which translates into a volumetric rate
≈ 7 × 104 in a Gpc3/year  [Shin et al 2022]

also compatible with isotropic distribution

Some comparison with rates of other cosmic events
≈ 2 × 105 in a Gpc3/year  for Core Collapse SNae [Li et al 2011]

≈ 105 in a Gpc3/year  for type Ia SNae [Scannapieco & Bildstein et al 2005]
≈ 2.5 × 104 in a Gpc3/year  for Soft Gamma Repeaters [Ofek et al 2007]

≈ 2-20 × 102 in a Gpc3/year  for Double Neutron Star mergers [Abbott et al 2020]
≈ 2-20 × 102 in a Gpc3/year  for Long Gamma-Ray burst beamed everywhere [Kulkarni et al 2014]
≈ 5-20 × 102 in a Gpc3/year  for Short Gamma-Ray burst beamed everywhere [Kulkarni et al 2014]

A remarkably high event rate! Suggestive to investigate the origin of the FRB

Estimates of the rate ...



Frequency bands of observation 

FRBs unambiguously detected from 110 MHz up to 8.5 GHz

A list of the main telescopes 
and radio bands which 
produced detections of  FRBs

[Caleb & Kean 2021 ]



The nature of the emission process 

Coherent emitters! 

The radio transient “phase space” 
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• Burst timescale gives limit on source area
A ≦ (c Dt)2 = (cW)2  = (1500 km)2 ≈ 1017 cm2

• Source power is very large 
P = EFRB / W ≈ 1042 erg/sec

• Typically "# ≈ # ≈ 109 Hz
• Brightness temperature Tb: equivalent black-body 
temperature in Rayleigh-Jeans limit

A 
EFRB

A W"# ≥ 1035 K

Since one can rewrite the relation to obtain

2k (# W)2

L#Tb = and hence the plot…L#



A great observational advantage for characterizing and localizing the source !

FRB20121102A 
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Discovery of 
repeating FRBs 
(repeaters: 
rFRB)
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Discovery of 
periodicity in 

some repeating 
FRBs

FRB20180916B 

FRBs’ saga: 3rd and 4th episodes 



Repeaters (rFRB) family

24 repeaters known so far (≅ 4% of the whole published population)
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The first example: 
FRB20180916B 

The second known case: 
FRB20121102A

Periodic repeaters

An additional great bonus for planning multi-messenger observations !



The lair of the culprits

Some remarkable case:

rFRB20200120E in a
Globular cluster of M81 at ~3 Mpc
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rFRB20180916B in a V shaped 
region at the outskirt of a spiral

Galaxy at z =0.00337 
5 one-off FRBs and their 
associated host Galaxies

[Marcote et al 20] [H
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Very diverse properties of the host Galaxies 

20 FRBs to date have an host galaxy securely identified
at  0.0001 < z < 0.66

• Via interferometric imaging of repeaters (à la FRB20121102A)
• Imaging of one-off event via triggered accumulation of buffered raw voltages data  

[Nicastro, Guidorzi et al 21 for a review]


