
A big boost for the magnetar-based models !
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Magnetar 
SGR1935+2154 

Simultaneous X-ray and radio bursts from a 
known Galactic magnetar source 

Unique case of multiwavelength (MWL) detection !

FRBs’ saga: 5th episode 



Identikit of FRBs (as at Sept 2022…) 

² Burst of  ≈ millisecond duration to tens of millisecond duration
² Dispersion measure > few times the expected Milky Way contribution up to 3338 pc/cm3

² Dispersion delay consistent with ν -2

² When measurable, scattering time consistent with Kolmogorov index, ν -4.4 

² Often high linearly polarized: sometimes circular, sometimes not measurable 
² Observed from   ≈ 100 MHz up to ≈ 10 GHz
² Peak Flux density at 1.4 GHz  ≈ 0.1-100 Jansky
² In the vast majority of the cases, band-limited emission
² Rate of order ~104 day-1 with isotropic provenance
² Few % of recognized repeaters
² Few ‰ of recognized periodic repeaters
² Few % with identified host galaxy: diverse properties
² One established association with a known magnetar source
² No detected MWL counterpart so far for extragalactic sources

Summary of the far observed parameters:

See Trudu’s talk

See Zampieri’s
talk



Additional derived identikit of the FRBs

² Red-shift 0.0001 ≲ z < ≲ 2.0           (plus a Galactic source)

² Co-moving distance 0.003 ≲ D (Gpc) ≲ 3.5

² Isotropic emitted energy         1030 ≲ Eiso (erg) ≲ 1043

² Brightness temperature          1026 ≲ T (K) ≲ 1042             (i.e. coherent emission)

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



... if an independent z is available …
The first possibility to measure the average density of the ionized component of the 
Inter Galactic Medium along several lines of sight 
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A lot of physics, astrophysics and cosmology … 
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The FRB determination confirms the presence
of baryons at the density estimated from the 
Cosmic Microwave Background and Big Bang 
Nucleosynthesis

Consistent with all the apparently missing
baryons being present in the ionized
intergalactic medium 

A direct measurement of the baryons in the Universe
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A direct determination of the baryon density !b = 0.051 +0.021 h70 (95% c.l.) 
-0.025



Additional experiments with independent z   



Some major mysteries ...

1      A tale of two (or more) culprits ? 



In general, rFRB show a flattish PA curve, whereas one-off events seem favoring PA variations along the pulse 
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FRB20110523A

FRB20190604A

FRB20190303A
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An exception among the rFRB is 
20180301A, displaying a diversity 
of PA swings [Luo et al. 2020] 

[C
al

eb
 e

t a
l. 

20
18

] 

rFRB
One

-of
f

Also, rFRBs (in particular the best studied FRBs 20121102A and 20180916B) tend to  show a ~100% linear polarization 
and ~ 0% circular polarization, but FRB20201124A is an exception with circular pol up to 75%  [Xu et al 2022]

… commonalities/comparisons one-off vs repeaters



… commonalities/comparisons one-off vs repeaters

No indication of differences in the host galaxies of rFRBs and one-off FRBs [Li  et al 20]
Inconclusive answer so far



Some major suspects ...

2      Which underlying source ? 



A partial list of suspects… up to 2019 more models than sources

[Platts et al 19]

See La Placa’s talk



With some recent “tuning” to explain periodicity …
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Chromatic periodicity disfavors forced precession
of a magnetar by a companion or fallback disk 
but is consistent with a slowly rotating magnetar or 
freely precessing magnetar

Models can be constrained by multiple radio signatures, especially polarization…

i. orbital periodic model [Ioke & Zhang 2020][Lyutikov et al 2020] [Wang et al 2022][Barkov & Popov 2022]
ii. free precession model  [Levin et al 2020][Zanazzi & Lai 2020]
iii. forced precession model [Sob’yanin 2020] 
iv. fall-back disk precession model [Tong et al 2020][Katz 2022]
v. NS rotation model [Beniamini et al 2020][Xu t al 2021]
vi. geodetic precession model [Yang & Zou 2020][Wei, Zhao & Wang 2021]

Combination of a magnetar/NS with:


