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A B S T R A C T 

We present a timing study of the gamma and X-ray observations and analysis of a sample of bright gamma-ray bursts (GRBs; 
i.e. GRB 180720B, GRB 181222B, GRB 211211A, and GRB 220910A), including the very bright and long GRB 211211A 

(a.k.a. kilonova candidate). They have been detected and observed by the Atmosphere–Space Interactions Monitor (ASIM) 
installed on the International Space Station ( ISS ) and the Gamma-ray Burst Monitor (GBM) onboard the Fermi mission. The 
early ( T − T 0 ≈ s) and high-energy (0.3–20 MeV) ASIM High Energy Detector (HED) and (150 keV–30 MeV) Fermi (BGO) 
light curves show well-defined peaks with a low quasi-periodic oscillation (QPO) frequency between 2.5 and 3.5 Hz that could 

be identified with the spin of the neutron star (NS) in the binary mergers originating these GRBs. These QPOs consist on the first 
detection of low-frequency QPOs ( ≤10 Hz) detected in magnetars so far. We also detect a strong QPO at 21 . 8 − 22 Hz in GRB 

181222B together with its (less significant) harmonics. The low-frequency QPO would correspond to the signal of the orbiting 

NS previous to the final coalescence giving rise to the gravitational wave (GW) signal. 

Key words: methods: data analysis – gamma-ray burst: general – gamma-ray burst: individual: GRB 180720B, GRB 181222B, 
GRB 211211A, and GRB 220910A. 
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 I N T RO D U C T I O N  

amma-ray bursts (GRBs) are the most energetic and catastrophic
xplosions in the Universe after the Big Bang. They are classified
nto two categories depending on their duration, i.e. short and long
RBs (sGRB and lGRB) with durations of < and > 2 s, respectively.
he lGRBs have been associated with the collapse of massive stars.
therwise the sGRBs are commonly believed to be powered by the

ccretion of a massive remnant disc on to the compact black hole
BH) or neutron star (NS) remnant following the compact binary
erger. The consequent thermal, novae-like transient (kilonova)

ives rise to the radioactive decay of heavy, neutron-rich elements
ynthesized in the expanding merger ejecta (Troja et al. 2019 ). 
 E-mail: mcaballe.caballerogarcia@gmail.com 
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The GRB-associated gravitational wave event GRB
70817A/GW170817 (Abbott et al. 2017 ) and a few kilonovae-
ssociated GRBs (Tanvir et al. 2013 ; Yang et al. 2015 ) have added
ew clues to the origin of GRBs. Nevertheless the study of the
lectromagnetic (EM) counterpart of GW events is necessary for
heir understanding. Of particular importance is the study of their
recur sor s , i.e. the EM emission from the astrophysical merger
efore its collapse. Currently the association between sGRBs
nd kilonovae has extended to lGRBs as well. Some studies of
 collection of sGRBs and lGRBs (P ande y et al. 2019 ; L ̈u et al.
022 ) concluded that some lGRBs have signatures of kilonovae-like
rogenitor contrary to any previous expectation from this kind of
ources. 

GRB 211211A is a kilonova-associated GRB whose light curve
onsists of a precursor, a hard spiky emission and a soft long
xtended emission (with a duration of ≈0 . 2 , 10 , 40 s, respectively)
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Figure 1. (Upper) Minimum variability time-scale for each burst using the 
Bayesian blocks binding method (together with data from Golkhou et al. 
2015 ). The probabilities of each GRB originating from the merger (by fitting 
a Gaussian mixture model to the minimum variability time scale) versus T90 
distribution are also sho wn. (Lo wer) Spectral lag as a function of energy for 
various observes frame energy bands extracted using GBM light curves in 
QPO signal. 
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hich has attracted great attention. Rastinejad et al. ( 2022 ) reported
he disco v ery of a kilono va associated with this nearby (350 Mpc)

inute-duration GRB 211211A confirmed later by Troja et al. 
 2022 ). Kilonova association could prove its merger origin, while 
he detection of the precursor could be used to infer at least one
ighly magnetized neutron star (NS) being involved in the merger. 
ao, Lei & Zhu ( 2022 ) report that the special behaviour of GRB
11211A is mainly due to the strong magnetic field of its progenitor
tar. 

It has been proposed that in the late in-spiral phase of a NS–NS
r NS–BH system in which one of the components is a magnetar
NS), the tidal force on the magnetar due to its companion would
ncrease dramatically as the components of the binary approach. The 
idal-induced deformation may surpass the maximum that the crust 
f the magnetar could sustain just seconds or sub-seconds before 
he coalescence. A catastrophic global crust destruction could then 
ccur, and the magnetic energy stored in the interior of the magnetar
ould be released thus being observed as a superflare with energy 
undreds of times larger than the giant flares of magnetars, thus an
GRB (Zhang et al. 2022 ). 

A few studies of the fast X-ray variability in GRBs have been
erformed in order to reveal the so elusive quasi-periodic oscillations 
QPOs) in GRBs (Tarnopolski & Marchenko 2021 ; Liu & Zou 2024 ).
ince QPOs are associated to the innermost regions around compact 
bjects any significant detection of them has the potential to give 
mportant insights into their physical origin. 

In this paper, we give further clues on the nature of a sample
f bright GRBs (GRB 180720B, GRB 181222B, GRB 211211A, 
nd GRB 220910A) through the analysis of their fast-time X- 
ay and gamma-ray variability observed with Atmosphere–Space 
nteractions Monitor (ASIM; Neubert et al. 2019 ) and Fermi . 1 

e first start putting these GRBs in context in Section 1.1. In
ection 2, we report on the timing observations and analysis made 
ith ASIM and Fermi where we detect significant and simultaneous 
POs. Finally in Section 3 , we discuss the results obtained and the

mplications of the disco v ery of such QPOs. 

.1 Minimum variability time-scale and spectral lag 

inimum variability time-scale (MTS/MVTS) is the smallest tem- 
oral feature in the light curve that is consistent with a fluctuation
bo v e the Poisson noise level and potentially provides a quantitative
eans of probing the regional size of the emission location involved. 
ethods for extracting such variabilities using a technique based 

n wavelets are well described (MacLachlan et al. 2012 , 2013a ,
 ; Golkhou & Butler 2014 ; Golkhou, Butler & Littlejohns 2015 ).
he MTS has been shown to follow several correlations involving 

emporal and spectral features (MacLachlan et al. 2012 ; Sonbas et al.
015 ; Camisasca et al. 2023 ). Here, we extracted the time variability
ollowing the work of MacLachlan et al. ( 2013a ) using GBM light
urves in a time range that co v ers the frequencies in and around the
PO signals. The extracted MTS in the QPO range is found to be

ystematically smaller than that found in the continuum sections of 
he Power density spectra (PDS) for all GRBs (Fig. 1 ). This suggests
 smaller source emission size for the QPO process compared to the
rocess that produces the continuum). 
Spectral lags are defined as the arri v al time dif ferences between

igh- and low-energy photons and are seen in significant fraction of
ong duration GRBs. Hard-to-soft evolution of the spectrum produces 
 https://fermi.gsfc.nasa.gov 

2

F

ositive spectral lags, while soft-to-hard evolution leads to ne gativ e
ags. We extracted spectral lags for various observer-frame energy 
ands in QPO signal using the CCF method (Norris 2002 ; Gehrels
t al. 2006 ; Hakkila et al. 2008 ; Ukwatta et al. 2010 , 2012 ). The
pectral lags as a function of energy are shown in Fig. 1 . 

 ANALYSI S  A N D  RESULTS  

he (1 ms and 10 ms-binned) light curves from these GRBs are highly
ariable with quasi-periodic behaviour from approximately the mid- 
ime to the end of the ASIM and Fermi observations. We checked
or this kind of variability building the power density spectra (PDS)
or different time intervals and found that only for certain times
nwards and during the period of activity of these GRBs the PDSs
ere showing significant noise in the form of QPOs. We checked the
ermi (b1) light curves as well and found the same kind of behaviour,
ith QPOs appearing only at the same times 2 (see Figs 2 , 3 , 4 , and
 showing the PDSs built at these referred time-periods). 
MNRASL 538, L100–L108 (2025) 

 Note that the ASIM and Fermi times were barycentred and referred to the 
ermi BAT trigger time (i.e. T 0 time). 

https://fermi.gsfc.nasa.gov
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Figure 2. (Top) Barycentred Fermi (BGO; 150 keV–30 MeV) and ASIM 

(HED; 0.3–20 MeV) light curves of GRB 211211A (T 0 = 13:09:59 UT ) 
sho wing the time-interv al where the QPOs were the PDS was built. (Bottom) 
The PDS of the Fermi /b1 (8–800 keV; upper) and ASIM/HED (0.3–20 MeV; 
lower) light curves of GRB 211211A built at times > 5 . 8 s. 
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Figure 3. (Top) Barycentred Fermi (NaI; 8–900 keV) and ASIM Low 

Energy Detector (LED; 50–400 keV) light curves of GRB 220910A 

(T 0 = 05:48:21.55 UT ) showing the time-interval where the PDS was built. 
(Bottom) The PDS of the Fermi /nb (150 keV–30 MeV; upper) and ASIM/LED 

(50–400 keV; lower) light curves of GRB 220910A built at times > 7 . 3 s. 
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.1 Fermi and ASIM timing analysis of GRB 211211A 

he PDSs of both Fermi and ASIM data sets showed the same kind
f noise in the form of two low-frequency QPOs. To obtain the exact
alue of the peak frequency of these QPO features, the PDS was
t with four continuum components, i.e. two power laws, and two
orentzians (one for each QPO). The Lorentzian components were
sed to fit the QPO features (at 2.8, 5.2 Hz for the first and second
POs, respectively). One of the power laws was used to fit the low

requency red noise (as done in e.g. Belloni & Hasinger 1990 ). All
NRASL 538, L100–L108 (2025) 
hese components are shown as dotted lines in Figs 2 –5 for all the
RBs. 
The best PDS fit obtained had reduced χ2 of 0.5, 0.8 for 40,

0 degrees of freedom for the Fermi and ASIM observations,
espectively. The PDS were normalized in the Leahy Normalization
Leahy et al. 1983 ). The frequency of the QPOs was the same
or Fermi and ASIM observations (during the same time period).
he significance of these peaks is high, i.e. significance of 5 , 4 σ
nd 4 , 3 σ (single trial and considering trials, respectively) for both
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Figure 4. (Top) Barycentred Fermi (BGO; 150 keV–30 MeV) and ASIM 

(HED; 0.3–20 MeV) light curves of GRB 180720B (T 0 = 14:21:39.65 UT ) 
sho wing the time-interv al where the PDS was built. (Bottom) The PDS of the 
Fermi /nb (8–800 keV; left) and ASIM/HED (0.3–20 MeV; right) light curves 
of GRB 180720B built at times ≥13 s and ≥ − 9 − 13 s for ASIM and Fermi , 
respectively. 

A
W  

f
Q

Figure 5. (Top) Barycentred Fermi (BGO; 150 keV–30 MeV) and ASIM 

(HED; 0.3–20 MeV) light curves of GRB 181222B (T 0 = 20:11:37.438 UT ) 
sho wing the time-interv al where the PDS was built. (Bottom) The PDS of the 
Fermi /nb (8-800 keV; left) and ASIM/HED (0.3–20 MeV; right) light curves 
of GRB 181222B built at times > 0 . 15 s. 
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SIM/HED and Fermi . The quality factor (i.e. QPO frequency/Full- 
idth at Half Maximum (FWHM)) was of Q = 10 − 500 , 5 − 500

or the first and second peaks, respectively. The characteristics of the 
POs observed in the PDS of the observations are listed in Table 1 . 
.2 Fermi and ASIM timing analysis of GRB 220910A 

s done in the case of GRB 211211A to obtain the exact value of
he peak frequency of these QPO features, the PDS was fit with four
ontinuum components, i.e. two power laws, and two Lorentzians 
one for each QPO). The Lorentzian components were used to fit
he QPO features (at 3.1, 7.1 Hz for the first and second QPOs,
espectively). As done in GRB 211211A one of the power laws was
sed to fit the low frequency red noise. 
MNRASL 538, L100–L108 (2025) 



L104 M. D. Caballero-Garc ́ıa et al. 

MNRASL 538, L100–L108 (2025) 

Ta
bl

e 
1.
 

Po
w

er
 
D

en
si

ty
 
Sp

ec
tr

a 
(P

D
S)

 
tim

in
g 

an
al

ys
is
 
re

su
lts

 
of
 
th

e 
lig

ht
 
cu

rv
e 

fr
om

 
G

R
B
 
21

12
11

A
 
us

in
g 

th
e 
p
o
w
e
r
l
a
w
 + l

o
r
e
n
t
z
i
a
n
 + l

o
r
e
n
t
z
i
a
n
 + p

o
w
e
r
l
a
w
 
fu

nc
tio

n 
fo

r 
Fe

rm
i 

(u
pp

er
) 

an
d 

A
SI

M
 

(l
ow

er
) 

da
ta

. (
T
 st

ar
t 

an
d 

T
 st

op
 

ha
ve

 
be

en
 
re

fe
rr

ed
 
w

ith
 
re

sp
ec

t t
o 

th
e 

Fe
rm

i r
ef

er
en

ce
 
tim

e 
(T

 0 ,
 F

E
R

M
I )

. T
he

 
er

ro
rs
 
gi

ve
n 

ar
e 

1 σ
. 

T
 st

ar
t 

T
 st

op
 

�
 0 

N
 0 

ν
Q

PO
 

FW
H

M
 Q

PO
 

N
 Q

PO
 

ν
v 

FW
H

M
 v 

N
 v 

�
 P
 

N
 P
 

χ
2 

(d
.o

.f.
) 

(s
) 

(s
) 

(H
z)
 

(H
z)
 

(H
z)
 

(H
z)
 

5.
8 

8.
8 

1 .
 29

 + 0
 . 1

4 
−0

 . 2
3 

20
0 ±

10
0 

2 .
 8 ±

0 .
 3 

(5
 + 2

00
 

−3
 

)E
 
−

3 
50

0 ±
30

0 
5 .
 2 + 0

 . 5
 

−0
 . 8
 

0 .
 9 + 0

 . 9
 

−0
 . 7
 

37
0 ±

17
0 

0 
(f

) 
1 .
 60

 ±0
 . 1

0 
20

 
(4

0)
 

Q
PO

 
S/

N
 
(w

. t
ri

al
s,
 
B

ay
es

.)
 

(5
 σ
, 

2 σ
) 

(4
 σ
, 

2 σ
) 

5.
8 

8.
8 

1 .
 0 ±

0 .
 3 

60
 ±3

0 
2 .
 9 ±

0 .
 4 

0 .
 25

 + 0
 . 9
 

−0
 . 2

4 
24

0 ±
14

0 
5 .
 2 ±

1 .
 0 

0 .
 01

3 + 0
 . 9

0 
−0

 . 0
10
 

11
0 ±

60
 

0 
(f

) 
1 .
 68

 ±0
 . 1

5 
32

 
(4

0)
 

Q
PO

 
S/

N
 
(w

. t
ri

al
s,
 
B

ay
es

.)
 

(5
 σ
, 

1 σ
) 

(4
 σ
, 

1 σ
) 

 

d  

t  

b  

w  

t  

a  

T  

8  

fi  

o

2

A  

o  

c  

e  

n  

f  

L  

a  

(  

A
 

4  

t  

2  

Q  

G  

T  

o  

Q  

r  

t

2

T  

k  

t  

t  

p  

F  

u  

1  

t  

a  

c  

d
 

1  

A  

w  

1  

r  

n  

3

4

w

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nrasl/article/538/1/L100/8019783 by guest on 17 O
ctober 2025
The best PDS fit obtained had reduced χ2 of 0.9, 1.2 for 19, 8
egrees of freedom for the Fermi and ASIM observations, respec-
ively. The QPOs frequencies were measured to be 3.1, 7.1 Hz for
oth QPOs, respectively. This means that the frequency of the QPOs
as the same for Fermi and ASIM observ ations, respecti vely (during

he same time period). The ratio between these QPOs frequencies is
lso very similar to the one measured from GRB 211211A (i.e. ≈2).
he significance (without and with trials 3 ) of these peaks is high, i.e.
 , 5 σ and 8 , 8 σ (ASIM/LED) and 4 , 3 σ and 5 , 4 σ ( Fermi ) for the
rst and second QPOs, respectively. The characteristics of the QPOs
bserved in the PDS of the observations are listed in Table 2 . 

.3 Fermi and ASIM timing analysis of GRB 180720B 

s done previously to obtain the exact value of the peak frequency
f these QPO features, the PDS was fit with three/four continuum
omponents, i.e. two power laws, and one/two Lorentzians (one for
ach QPO for Fermi /ASIM, respectively). The Lorentzian compo-
ents were used to fit the QPO features (at 2 . 30 ±0 . 03 , 2 . 0 + 0 . 5 

−0 . 10 Hz
or the ASIM and Fermi , respectively). The component fitted by a
orentzian in the ASIM PDS with a centroid at 0 . 81 ±0 . 15 Hz is
ttributed to low-frequency noise. This component is much broader
0 . 37 ±0 . 15 Hz) than the QPO [(1 − 3) ×10 −3 Hz] in both Fermi and
SIM data sets. 
The best PDS fit obtained had reduced χ2 of 41.8, 43.6 for

0, 32 degrees of freedom for the Fermi and ASIM observa-
ions, respectively. The QPOs frequencies were measured to be
 . 30 ±0 . 03 , 2 . 0 + 0 . 5 

−0 . 10 Hz for for Fermi and ASIM, respectively. 4 These
POs frequencies are also very similar to the one measured from
RB 211211A and GRB 220910A (i.e. 2.5–4.3 Hz), respectively.
he significance of these peaks is high, i.e. (single trial) significance
f 8 σ (ASIM/HED) and 5 σ ( Fermi ). The quality factor of the
PO was of Q = 92 , 2000 for the Fermi and ASIM data sets,

espectively. The characteristics of the QPOs observed in the PDS of
he observations are listed in Table 3 . 

.4 Fermi and ASIM timing analysis of GRB 181222B 

he PDSs of both Fermi and ASIM data sets showed the same
ind of noise in the form of three low-frequency QPOs. To ob-
ain the exact value of the peak frequency of these QPO fea-
ures, the PDS was fit with five continuum components, i.e. two
ower laws, and three Lorentzians (one for each QPO) in both
ermi and ASIM data sets. The Lorentzian components were
sed to fit the QPO features (at 22 . 1 + 1 . 9 

−1 . 4 , 40 . 3 + 0 . 8 
−3 , 59 . 3 + 1 . 5 

−0 . 8 Hz and
1 . 9 ±0 . 5 , 21 . 8 ±0 . 3 , 34 . 6 ±0 . 7 Hz for the ASIM and Fermi , respec-
ively). There is an additional component fitted by a power law
t low-frequencies that we attribute to low-frequency noise. This
omponent has a steep power law ( � = 2) in both Fermi and ASIM
ata sets. 
The best PDS fit obtained had reduced χ2 of 10.5,

9.7 for 7, 23 degrees of freedom for the Fermi and
SIM observ ations, respecti vely. The QPOs frequencies
ere measured to be 22 . 1 + 1 . 9 

−1 . 4 , 40 . 3 + 0 . 8 
−3 , 59 . 3 + 1 . 5 

−0 . 8 Hz and
1 . 9 ±0 . 5 , 21 . 8 ±0 . 3 , 34 . 6 ±0 . 7 Hz for ASIM and Fermi ,
espectively. This means that the frequency of the QPOs was
ot the same for Fermi and ASIM observations (only one of the
 We consider for the trials the number of frequency bins in the PDS. 
 We note that for GRB 180720B the time periods in which the QPO at ≈2 Hz 
as found are not simultaneous but complementary. 
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hree coincided during the same time period, i.e. the one at ≈20 Hz )
nd might be due to the different energy ranges co v ered by both
nstruments. The QPO frequency at ≈20 Hz is very similar to the one
easured from GRB 211211A by Xiao et al. ( 2022 ) and Chirenti

t al. ( 2024 ). The significance of this peak is high (8 , 8 σ for single
nd taking into account trials, respectively) for both ASIM/HED
nd Fermi . The quality factor was of Q = 5 , 12 , 10 ( Fermi ) and
 = 5 , 22 , 20 (ASIM) for the first to third QPOs, respectively. The

haracteristics of the QPOs observed in the PDS of the observations
re listed in Table 4 . 

.5 The Bayesian method 

or estimating significances of the observed QPO peaks we used
 Bayesian approach as proposed in Vaughan ( 2010 ) (see also
uppenkothen et al. 2013 ). In our case we fitted Lorentzians

omplementing the standard method by Vaughan ( 2010 ). 
The peak significance was obtained from the posterior predictive

 -values that are the tail area probability of the Bayesian analogue of
he Likelihood ratio test (LRT; Huppenkothen et al. 2013 ). The LRT
tatistic assesses the impro v ement T LRT = D min ( H 0) − D min ( H 1)
hat a more complicated model H1 (alternative hypothesis) gives with
espect to its simpler version H0 (null-hypothesis), where D is twice
he minus log likelihood (equation 17 in Vaughan 2010 ). In the case
f two-QPO power spectra and testing for the significance of the low-
requency peak, the H1 model was ‘continuum + two Lorentzians’
hile H0 was ‘continuum + a Lorentzian’ placed at the position of

he high-frequency peak. For the continuum we used the same model
s abo v e. Fitting both models to the observ ed power spectrum, we
btained ‘the observed’ statistic T 

obs 
LRT , which was compared to the

alues measured from simulated periodograms (T 

rep 
LRT ) in order to

erive the P -value. The data points of the latter were obtained from
he values of the parameters sampled from the posterior distributions
o the H0 model and adding χ2 distributed noise to the resultant
mooth model periodogram. A number of 1000 spectra were used
or each model and each of these realizations was fitted 100 times
ith a randomized start point. 
In all the cases we analysed unbinned priodograms and used

he ‘whittle’ statistic in XSPEC . 5 For the Bayesian calculation, we
mployed the ‘ BXA ’ PYTHON package which uses the Nested Sam-
ling integration algorithm as a Bayesian engine (Buchner et al.
014 ; Buchner 2016 ). At first we assigned non-informative (log-
niform for normalizations and uniform for the rest parameters)
riors to all the model parameters, but we found that Lorentzian
omponents in many cases either fit high-frequency noise or became
oo wide to fit low-frequency continuum. In order to solve this
ssue, we redefined the Lorentzian model to took the quality factor
Q) instead of the width in Hz, and restricted it to be higher than
 according to the definition of QPO (van der Klis 1989 ). To
 v oid moving the Lorentzian components to higher frequencies, we
hanged the position parameter ( ν) from uniform to Gaussian priors,
ith mean and sigma values taken from the standard fitting (i.e.

imple minimization of the fit statistic) in XSPEC . The results of this
rocedure are shown in Tables 1 –4 . 
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 DISCUSSION  A N D  C O N C L U S I O N S  

n this paper, we analysed the first seconds of the ASIM and Fermi
ata for GRB 180720B, GRB 181222B, GRB 211211A, and GRB 

20910A that correspond to the first period of their activity since 
he Fermi trigger time. All of them are lGRBs with the exception
f GRB 181222B that is an sGRB (Fig. 1 ). As derived from the
iming analysis we infer the presence of a low-frequency Quasi- 
eriodic Oscillation (QPO) with a frequency at 2.5–3 Hz in all these
RBs. The significance of the low-frequency QPO signal is high 

i.e. significance � 5 σ ) from both Fermi and ASIM periodograms 
f our observations. This low-frequency QPO could be identified as 
he orbital period of the binary merger (NS–BH or NS–NS) at the
revious stage before its collapse into a single compact object (BH or
S) as previously proposed (Suvoro v, K uan & Kokkotas 2022 ; see

heir table 1). Due to the short orbital period of the merger (0.3–0.4 s)
he system would be tidally locked (and synchronized) and this period 
ould correspond to the spin of the NS component (a magnetar). 
he NS could produce the (also) observed QPOs at ≈20 Hz in GRB
11211A and GRB 181222B through the star-quakes followed by 
rustal vibrations occurring on its surface at the previous moments 
o the coalescence/collapse of the merger. In the case of the kilonova
GRB 211211A) that produced the high-energy emission in the form 

f a GRB (Troja et al. 2022 ) the nature of the binary components is
nder active discussion. We consider that our findings support that 
he merger nature is very likely in GRB 211211A and the other GRB
imilar events. 

The 2.5–3 Hz QPO reported in this paper is of low frequency
nd its value could be the first detection of a low-frequency feature
ompatible with the spin of the NS (magnetar) in a binary merger
i.e. which would be equal to the orbital period of the binary merger)
n these GRBs before coalescence (compatible with the scenario 
roposed by Suvorov et al. 2022 ). Our findings would be in line
f the fact that compact object ‘mergers’ may be a non-negligible 
raction of the lGRB population (as suggested by Lloyd-Ronning 
t al. 2024 ). 

The low-frequency QPO is compatible with the higher frequency 
PO at ≈20 Hz detected previously by Xiao et al. ( 2022 ) and
hirenti et al. ( 2024 ) in the modulated Fermi (8–200) keV X-ray
mission from GRB 211211A. The latter would correspond to the 
odeless, torsional modes of the magnetized NS long before the 
erger occurs (even though global or discrete Alfv ́en modes are also

iable explanations). Indeed we detect a significant ≈20 Hz QPO 

together with its less-significant harmonics) in the case of the (short
uration) GRB 181222B. We do not detect the low-frequency 2.5–
 Hz QPO in GRB 181222B because of its extremely short duration
 ≈0 . 3 s) but we detect clearly the ≈20 Hz QPO (and probably its
armonics). 
Even though rare the current work does not constitute the first

laim into the presence of low-frequency QPOs in GRBs neither in 
agnetars. High frequency QPOs are known to happen in giant flares

rom magnetars at the frequency range of 500–2000 Hz (Castro- 
irado et al. 2021 ). At lower frequencies there are also claims of

ower frequency QPOs occurring during giant flares as well (150 Hz; 
i et al. 2024 ). In all these cases torsional oscillations caused by
tar-quakes could explain the QPOs observed. Zou & Cheng ( 2024 )
eport the finding of a low-frequency QPO in the GRB 210514A 

with a 3 σ confidence) corresponding to a period of 11 s. They
ssociate it as the precession frequency of an accretion disc around 
 single magnetar before its collapse as a BH. This is opposite
o our claims that a companion is needed to produce the GRB
xplosion. 
7
Chen et al. ( 2024 ) is in line of our claims of a detection of
ow-frequency quasi-periodic modulations (QPM) at a frequency 
f ≤1 Hz in a sample of GRBs (GRB 230307A, GRB 060 614, and
11211A). They claim that in light of recent claims of WD–NS and/or 
D–BH mergers in the literature (Wang et al. 2024 ) the QPM would

e originated by the precession of the jet due to the non-negligible
esidual orbital eccentricity of the WD–NS/BH merger. This scenario 
s different to ours, in which the superflare originated by the crust in
he NS (necessarily a magnetar) would be the main responsible for
he X-ray and gamma-ray emission and modulation observed in the 
ight curves of these GRBs. 
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