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Outline

• X-ray plateaus: main properties and 
possible interpretations


• Our work: computing the incidence 
of X-ray plateaus in binary driven 
GRBs


• Results and Conclusions

Guglielmi, Stratta, Dall’Osso et al. 2024 A&A 692, 73



GRB remnant: BH or NS?

4

Ascenzi+2011

GRB afterglow properties can 
shed light on the remnant 
nature and production efficiency 

Credit: ESO

Long GRBs or Type I GRBs from collapsars Short GRBs or Type II GRBs from compact binary mergers



GRB afterglow
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FνX
∝ t−αν−β

• After min-hrs from the burst -> slow cooling regime of the bulk of the electrons -> X-ray flux decays 
following a power-law 


• Assuming the jet is plunging into a constant density ISM, at early epochs 0.7-0.8   


• At late epochs (~day), 1.2-1.5 and 

α ≥

α ≥ Δβ > 0 (e.g. Granot & Sari 2002, Zhang et al. 2006)



X-ray afterglow plateaus
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Early X-ray flux evolution (a few 
x100s-10ks) in the majority of GRBs 
is too shallow 




X-ray afterglow plateaus

Plateau phase (<alpha>~0.2-0.4)

Constant spectral index

Plateau phase strongly challenges the  
standard sync. radiation scenario
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Lp,x ∝ T−1
p,x

…common 
energy 
reservoir?

Lp,x ∝ T−1
p,xE0.8

iso
…Energy reservoir 
from with central 
engine?

Tang et al. 2019

X-ray afterglow plateaus



X-ray plateau origin from spin-down NS

•  erg for P~1ms


•     (e.g. Zhang & Meszaros 

2001) accurately reproduce X-ray plateaus 
(e.g. Dall’Osso+2011, Rowlinson+2013, 
Bernardini+2013, Stratta+2018)


• naturally reproduces the Lx,p and 
Tx,p anticorrelation 

ENS = 0.5Iω2 ∼ 3 × 1052

LSD(t) =
ENS

τ(1 + t/τ)2

LSD(τ) ∝ τ−1

Dall’Osso+2011

e.g Lyons+2010; Bernardini+2012; Rowlinson+2013; Bernardini+2013; Stratta+2018

Stratta+2022; Dall’Osso+2023



•X-ray plateaus are afterglow emission 
viewed slightly off-axis with  (e.g. 
Eichler & Granot 2006, Beniamini+2020)


•X-ray plateaus are prompt high-latitude 
emission dominating the afterglow emission 
(Oganesyan+2020) 


•So far, no extensive test of these models on 
the large available data set has been 
published yet

θobs ≥ θj B
eniam

ini+
2020

O
g

anesyan et al. 2020

X-ray plateau origin from structured jet effects



X-ray plateaus in GRBs from NS-NS mergers

• X-ray plateaus in the afterglow of 
GRBs from NS-NS mergers mark 
the formation of a NS remnant


• Incidence of X-rays plateaus in 
these GRBs —> proxy of the 
fraction of NS-NS mergers that 
generate a NS remnant

Adapted from Ascenzi+2011



X-ray plateaus in GRBs from NS-NS mergers
• Initial sample: all TypeII GRBs with 

Swift/XRT observed from May 2005 to 
Dec 2021, with  known redshift (based 
on Fong+2022, O’Connor+2022) -> 85 
GRBs 


• X-ray light curves from publicly 
available  UK SDC Swift XRT Repository 


• To robustly identify a plateau in the X-
ray afterglow, we requested XRT tot cts 
>100 (S/N > 10)

Guglielmi+2024

Inconclusive (too low S/N)

* GRB 150101B: very late XRT observations (>1 day)

* 

Prompt 
Extended 
Emission



“LC fit”: Incidence of plateaus

• We find 15/40 (37.5%) X-ray 
aflterglow light curves are 
compatible with a broken power 
law, with:


•  initial decay index  


• no evidence of significant 
spectral evolution before and 
after the temporal break

α < 0.75

Guglielmi+2024



“LC fit”: Testing the magnetar scenario
Following Dall’Osso et al. 2011, 13/15 events could 
be modelled assuming energy injection into the 
forward shock from a newly-born spinning-down 
magnetar 

Guglielmi+2024

Two discarded events:

• GRB180618A has too short plateau duration to 

allow model parameter estimates

• GRB061201 provided not plausible B and P 

values (B>5.6x1016G, P>38ms)



“LC fit”: Testing the magnetar scenario
Following Dall’Osso et al. 2011, 13/15 events could 
be modelled assuming energy injection into the 
forward shock from a newly-born spinning-down 
magnetar 

Guglielmi+2024

Two discarded events:

• GRB180618A has too short plateau duration to 

allow model parameter estimates

• GRB061201 provided not plausible B and P 

values (B>5.6x1016G, P>38ms)

• With respect to the whole analysed sample (85): 15%


• By excluding from the sample  the “inconclusive” 
ones (25 low S/N + 150101B) and the EE (40): 32.5%




“EE-rejected”: excluding the presence of a magnetar

• If a magnetar remnant is formed, we can define a 
plausible minimum spin-down luminosity Lmin ~ 
3x1045 erg/s by assuming:


• Maximum spin-down timescales of ~105 s


• Maximum spin period of P ~ 30 ms, corresponding 
to a rotational energy of ~3x1049 erg


• Following Dall’Osso et al. 2023, we also compare the 
minimum luminosity detected with XRT with the 
prompt emission luminosity, excluding ratios larger 
>30


• We found that 9/19 “EE” light curves, clearly show 
fainter fluxes, incompatible with the presence of a 
magnetar 


• The remainder 10 EE events were declared 
“inconclusive” 

Guglielmi+2024



Summary

• 15 GRBs show an X-ray plateau


• For 13 events, plateau is compatible 
with the magnetar scenario 


• With respect to the whole analysed 
sample (85): 15%


• By excluding from the sample  the 
“inconclusive” ones (25 low S/N + 
150101B + 10 “EE”) (49): 26.5%

85%

15%

74%

27%

~ 1/6

~ 1/4



Compatibility with predicted NS maximum mass

Guglielmi+2024

15-26%

• We computed the probability 
distribution of remnant mass by 
adopting a double-peaked Gaussian for 
the mass distribution of NSs in binaries


• The percentage of GRB compatible 
with a magnetar remnant (15-26%) is 
reached for a remnant mass of  
Mrem=(2.31−2.41) 


• Depending on the NS stability 
Mrem>~MTOV -> compatible with most  
MTOV estimates so far (e.g. Margalit et 
al. 2022)

M⊙

Mass probability distribution of 
merger remnant

2.3 - 2.4 M⊙



Conclusions

• GRB X-ray afterglow plateaus likely indicate the presence of a magnetar remnant -> potential 
FRB sources where to look at given the accurate sky localisation from afterglow MW campaigns 


• By analyzing all Swift Type II GRBs detected from 2005 to 2021 with known redshift, we found 
that a fraction of ~ 1/6 - 1/4 is compatible with originating a magnetar remnant


• Larger samples of identified magnetars can be achieved with future BNS merger and post-
merger detections with next generation GW interferometers (as ET), for which accurate sky 
localisation will be provided through not collimated Kilonova counterparts (e.g. Loffredo et al. 
2025)



Thank you :)



Extra slides



The events with / without plateau, including the faintest ones (“inconclusive”), have similar 
redshift and energy distribution, suggesting that the lack of plateau evidence is not due to 

biases against distant or faint events

Guglielmi+2024



Bernardini+2015

Dall’Osso, Stratta et al. 2023

EE events with k>30 are incompatible with 
harbouring a magnetar


