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ABSTRACT

Since FRB 200428 has been found to be associated with an X-ray burst from the Galactic magnetar SGR J1935+2154, it is
interesting to explore whether the magnetar bursts also follow the similar active periodic behavior as some repeating FRBs.
Previous studies show that there is possible period about 230 day in SGR J1935+2154 bursts. Here, we collected an updated burst
sample from SGR J1935+2154, including all bursts reported by Fermi/GBM and GECAM till 2022 January. We also developed
a targeted search pipeline to reveal more bursts from SGR J1935+2154 in the Fermi/GBM data from 2008 August to 2014
December (i.e. before the first burst detected by Swift/BAT). With this burst sample, we re-analyzed the possible periodicity of
SGR J1935+2154 bursts using the Period Folding and Lomb-Scargle Periodogram methods. Our results show that the periodicity
~238 day reported in literature is probably fake and the observation effects may introduce false periods (i.e. 55 day) according
to simulation tests. We find that, for the current burst sample, the most probable period is 126.88+2.05 day, which could be
interpreted as the precession of the magnetar. However, we note that the whole burst history is very complicated and difficult to
be perfectly accommodated with any period reported thus far, therefore more monitoring observations of SGR J1935+2154 are
required to test any periodicity hypothesis.

Key words: methods: data analysis - stars: magnetars

1 INTRODUCTION FRBs are super bright radio pulses with a duration of a few mil-
liseconds (Lorimer et al. 2007; Thornton et al. 2013), featuring in
their abnormally high dispersion measures (DMs). Since the first
discovery of the Lorimer burst from the pulsar data of Parkes radio
telescope (Lorimer et al. 2007), over 600 FRBs have been found
(Petroff et al. 2016), which enabled us to learn more characteristics
of the FRBs, such as the localization of their host galaxies (Chat-
terjee et al. 2017; Bannister et al. 2019; Ravi et al. 2019; Macquart
et al. 2020; Marcote et al. 2020), polarization, rotation measure and
the highly magnetic environment around the sources (Michilli et al.
2018). According to their potential cosmological origin, FRBs have
been widely connected to some violent activities and even catas-
trophic coalescences or collapses of compact binaries or objects (see
Platts et al. (2019)! for a review).

Highly-magnetized neutron stars called magnetars are perceived as
the nature of soft gamma-ray repeaters (SGRs) and anomalous X-
ray pulsars (AXPs), which can intermittently produce gamma/X-
ray bursts (Duncan & Thompson 1992; van Kerkwijk et al. 1995;
Kouveliotou et al. 1998; Banas et al. 1997; Kaspi & Beloborodov
2017). On April 28th, 2020, it was discovered that a fast radio burst
(FRB 200428, Li et al. 2021b; Bochenek et al. 2020; CHIME/FRB
Collaboration et al. 2020b) was produced by the Galactic magnetar
SGR J1935+2154 and this FRB was in temporal coincidence with
an non-thermal X-ray burst from the magnetar (Li et al. 2021b;
Mereghetti et al. 2020; Tavani et al. 2020; Ridnaia et al. 2021).
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Table 1. Spectral models used in the targeted search for X-ray bursts from
SGR J1935+2154.

Spectrum Template ~ alpha  beta  Epeak or kT (keV)
Band 006 -53 35
BlackBody 9
Comptonzied 0.5 35

OTTB 32
Powerlaw 2 100

Although most FRBs were observed to be one-off burst, several
repeating sources have been discovered, such as FRB 121102, FRB
180916, FRB 20190520B, FRB 20181030A, and FRB 20201124A
(Spitler et al. 2016; Chatterjee et al. 2017; Marcote et al. 2017; Ten-
dulkar et al. 2017). Undoubtedly, the repetition of these FRBs disfa-
vors the models involving catastrophic events and, instead, strongly
supports the activities of compact objects, in particular, young mag-
netars (Popov & Postnov 2010; Kulkarni et al. 2014; Connor et al.
2016; Cordes & Wasserman 2016; Katz 2016; Lyutikov 2017; Met-
zger et al. 2017; Cao et al. 2017). This hypothesis has further been
confirmed by the discovery of the association of FRB 200428 with an
X-ray burst from SGR J1935+2154 (Li et al. 2021b; Mereghetti et al.
2020; Tavani et al. 2020; Ridnaia et al. 2021). This discovery not
only provides an important constraint on the physical mechanisms
responsible for the FRB phenomena (e.g., Lu et al. 2020; Margalit
et al. 2020; Wu et al. 2020; Yang et al. 2020; Zhang 2020b; Yu et al.
2021), but also hints that we may use the X-ray bursts of magnetars
to indirectly probe the temporal behavior of the repeating FRBs.

It is worthy to note that repeating FRBs could have periodic win-
dow behavior (PWB), e.g. FRB 180916 was found to have a possi-
ble period of 16.35 £ 0.15 days (CHIME/FRB Collaboration et al.
2020a), and FRB 121102 could be with a period of 156 days (Ra-
jwade et al. 2020; Cruces et al. 2021). Therefore, it is very interesting
to investigate whether the activities of SGR J1935+2154, which has
emitted FRB 200428, also have a PWB. This has been studied by
some previous works: Denissenya et al. (2021) argued a period of 231
days, using likelihood analysis with the data of IPN (Interplanetary
Network) instruments from 2014 July to 2021 February; Grossan
(2021) estimated a possible period of about 231 days by analyzing
the observations from IPN from 2014 July to 2020 May; Zou et al.
(2021) suggested that the period is about 238 days using the data of
Fermi/GBM (Fermi Gamma-ray Burst Monitor) from 2014 July to
2021 October.

In this paper, we carry out a comprehensive targeted search on
X-ray bursts of SGR J1935+2154 using Fermi/GBM (Meegan et al.
2009) data from 2008 August to 2014 December. We also collect
the most recent burst samples from Fermi/GBM and all bursts de-
tected by GECAM (Gravitational wave high-energy Electromagnetic
Counterpart All-sky Monitor, Li et al. 2021a; Xiao et al. 2022) dur-
ing its first year of observation. With more bursts covering a longer
time interval than previous studies (Denissenya et al. 2021; Grossan
2021; Zou et al. 2021), we hope to make a better constraint on the
periodicity searching. In Section 2, we present the search process and
report the burst candidates. In Section 3, we use the Period Folding
and Lomb-Scargle algorithm to search the possible periodic active
window. Finally, the summary and discussion are given in Section 4.
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2 TARGETED SEARCH FOR BURSTS

SGR J1935+2154 is a Galactic magnetar, which was first found by the
Swift Burst Alert Telescope (BAT) in 2014 (Stamatikos et al. 2014).
It has experienced four active episodes before 2020, respectively
(Younes et al. 2017; Lin et al. 2020b,c). Since 2021, there exist at
least 3 active episodes so far.

Targeted sub-threshold search for bursts from SGR J1935+2154
is very important, because there are potential bursts which are rather
weak and unable to trigger the instrument with normal threshold.
Many works show evidence that some SGR bursts did not trigger
detector (Lin et al. 2020a,b,c; Mereghetti et al. 2020; Younes et al.
2020; Yang et al. 2021; Zou et al. 2021). However, some of previous
studies only searched SGR bursts after the first reported burst by
Swift/BAT in 2014 and ignored the time interval before 2014. In this
paper, we implement a targeted search on Fermi/GBM Continuous
high time resolution (CTIME) and Time-tagged events (TTE)? from
2008-08-12 to 2014-12-31 (UTC) with the coherent search method
(Blackburn et al. 2015; Cai et al. 2021).

We have developed a pipeline to search for gamma-ray bursts
(GRBs) and SGRs using the traditional signal-to-noise ratio (SNR)
method for blind search and the coherent search method for tar-
geted search (e.g., Cai et al. 2021). In this targeted search for SGR
J1935+2154 bursts, we use 5 spectral templates (see Table 1) and set
the trigger threshold of Log-Likelihood Ratio (LR) to be 20. Thou-
sands of burst candidates have been found, and we screened them
according to the following criteria:

(i) Excluding those candidate events when the spacecraft is
near the South Atlantic Anomaly (SAA) or the location of SGR
J1935+2154 is in the Earth shadow;

(ii) Excluding those events with the incident angle of most sig-
nificant detectors greater than 60° and those events which are falsely
triggered by the sharp variation of background count rates caused by
instrument startup and shutdown. The number of these two kinds of
events is about ~7400;

(iii) Excluding the solar flares (~1800 events), particle events
(~3800), Terrestrial Gamma Ray Flash (TGF, Briggs et al. 2013)
and Terrestrial Electron Beam (TEB, Xiong et al. 2012)34;

(iv) Excluding phosphorescence spike events (5 events) (e.g., see
Goldstein et al. 2019; Wu et al. 2022), which are listed in Table 2.

Finally, we found 10 new candidate bursts and 3 previously found
bursts from SGR J1935+2154 during the time interval from 2008-
08-12 to 2014-12-31 (UTC). We call these 10 bursts as candidates
because they are solely detected by Fermi/GBM revealed by our
targeted search and without confirmation by other instruments, while
the other 3 bursts have been found and reported by Swift/BAT (e.g.
Lin et al. 2020c). Details of our burst candidates are listed in Table
2. The light curves and location of candidate bursts are shown in Fig.
3 and Fig. 1, respectively. The location is generated by the search
pipeline (Cai et al. 2021). Note that the light curve, spectrum and
location of these candidate bursts are all consistent with known bursts
from SGR J1935+2154, based on which we argue that most of these
candidates, if not all, are probably from SGR J1935+2154.

2 https://heasarc.gsfc.nasa.gov/FTP/Fermi/data/gbm/daily/
3 https://fermi.gsfc.nasa.gov/ssc/data/access/gbm/tgf/

4 https://gammaray.nsstc.nasa.gov/gbm/science/description.
html
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Table 2. The properties of SGR J1935+2154 burst candidates found by our targeted search in this work and the Phosphorescence Spikes Events.
Event Time(UTC) MaxLR?®  Significance Template Duration RA DEC Err BlackBody
(ms) ©) ©) ©) KT Flux® C-Stat/dof
2008-11-30T02:13:00 22.16 6.74 BlackBody <256 28594 283 1499  3.69%23] 0.39t%-}}§ 12.23/14
2008-12-24T18:19:07 15.24 5.62 BlackBody <512 299.12 1539 17.82  18.93*012 0'77%%8 12.23/14
2009-08-02T02:45:03 18.56 6.17 Powerlaw <512 293.64 2923 13.14 7.7714-33 0.59t8-_ég 15.38/14
2009-12-15T14:41:52 21.6 6.61 Powerlaw <512 208.24 2256 10.82 5.96‘:;:1% 0'34t8.‘%? 22.52/14
2011-02-17T06:13:04 49.18 10.05 Comptonized <256 27855 1438 10.32 8.23t8:§ . 0.63’:?: i 21.53/22
2011-07-08T20:26:09 18.95 572 Powerlaw <256 299.45 1193 16.84 1.39%8; ;é 0.70%):72 9.73/14
2013-01-16T21:12:33 20.73 6.59 OTTB 16 277.58 321  19.11 7.23%533 1.4710:%7 18.92/30
2013-03-08T00:08:58 46.33 6.64 Powerlaw 576 29735 2597 637  4.40%7 @ 1044015 23.9/30
2013-03-28T05:45:45 23.17 6.93 Powerlaw 32 30941 3.67 1034 4.0975 o.sstgvgg 7.83/14
2013-05-04T16:20:31 21.32 6.75 Powerlaw 24 309.46 2236 15.21 7.54j];;§ 1.35%): 55 12.78/30
2014-07-05T09:32:48°  209.13 7.44 OTTB 96 208.8  24.39 9 5.56*)-% 2~3°sz81 37.32/46
2014-07-05T09:37:34°  291.28 21.37 Powerlaw 48 29096 2206 816 6267330 248286 46.73/46
2014-07-05T09:41:06°  26.65 7.34 OTTB 64 301.87 3749 1326 12.32%33%  2.077%0  29.18/46
Phosphorescence Spikes Events
2009-01-28T15:32:06 60.08 12.22 Powerlaw <256 30246 1222 375
2010-02-10T13:34:14 317.86 22.73 Powerlaw <256 28739 13.19 2.6
2010-12-16T06:03:10  37622.94 233.82 Powerlaw <256 30469 31.11 046
2014-05-15T15:32:56 34.38 6.97 BlackBody 3 27549 2626 2271
2014-06-24T23:02:10 47.13 9.88 Powerlaw 7 28195 569 1697
4 Max Log-Likelihood Ratio (Blackburn et al. 2015; Cai et al. 2021)
b Values in units of 1077 erg cm™2 s~! are calculated by using BlackBody Spectrum within 8-200 keV
¢ Real burst which are also detected by Swift/BAT
Observation Window
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. . . . . . . invisible - - -
260 270 280 290 300 310 320 59593 59593.5 59594
Ra(deg) M)D(day)

Figure 1. The location of candidate bursts. The red star marks the accurate
position of SGR J1935+2154. The black and blue represent the location of
candidate bursts and real (confirmed) bursts (i.e. which are also detected by
Swift/BAT), respectively. The gray lines mean 1-o confidence level.

3 PERIODICITY OF BURST HISTORY

To explore the potential periodicity behavior in the burst history
of SGR J1935+2154, we collected all bursts including the recently
reported bursts (till 2022 January) from Fermi/GBM and GECAM,
as well as the burst candidates we found in Fermi/GBM data from
2008-08-12 to 2014-12-31 (UTC). Fermi/GBM bursts that we used
in this study have been reported in literature (Lin et al. 2020b,c;
Zou et al. 2021) or in the Gamma-ray Coordinates Network (GCN)>.
Since Zou et al. (2021) has listed the bursts of Fermi/GBM from
2014 July to 2021 October, we only listed Fermi/GBM bursts from

5 https://gcn.gsfc.nasa.gov/

Figure 2. The visible time windows of Fermi/GBM and GECAM to SGR
J1935+2154. The exposure time is the union of the Fermi/GBM and GECAM
visible time inverval in that day.

2021 November to 2022 January in Table 3. The burst sample of
GECAM is listed in Table 4.

We divide all bursts into two samples. Sample A contains all
reported bursts from Fermi/GBM and GECAM from 2014 July to
2022 January. The start time (T0) of Sample A is set to 56658 (MJD).
This is the main sample for searching the possible periodicity. Sample
B is composed of Sample A and candidate bursts found from 2008
to 2014. The start time of Sample B is set to 54771 (MJD). Owing
to the small number of the candidate bursts, it has less constraint on
the periodicity. Thus sample B is only used to check the periodicity
result derived from Sample A.

We note that the setting of the start time (T0) does not affect the
periodicity result, which is confirmed by the simulations (see Section
3.3). We also calculate the visible time windows and the exposure

MNRAS 000, 1-11 (2022)
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Figure 3. The light curve of candidate bursts from SGR J1935+2154. The blue curves represent the summed light curves of those Nal detectors with significant
excess. The red dotted line represent the trigger time and pink shadow is the duration of candidate burst.

time history of SGR J1935+2154 for Fermi/GBM and GECAM re-
spectively, which are used in the periodicity search. An example of
the visible time window is shown in Fig 2.

3.1 Period Folding

First, we adopt the Period Folding method to search the possible
periodicity, which was used in the FRB studies (CHIME/FRB Col-
laboration et al. 2020a). We fold the burst times of SGR J1935+2154
with different trial periods and group these folded bursts into n bins,
namely the number of phase bins. In this study, we set n for period
folding with both samples A & B. In addition, we also use the C-stat
test together with Pearson’s Xz—stat test to examine the significance
of the period ( with the folded burst numbers in phase bins). The
C-stat can be written as

C=2)» E;—N; +N;In(N;/E;) M

n
i=1

where N; is the number of bursts in the phase bin i, E; = pTj is
the expected number of bursts in bin 7 if there is no period, 7; is
the exposure time of bin i and p = )} N; X}/T; is the average burst
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rate. Like Reduced y2, we use (C — Ce) /V/Cy to assess deviation and
significance, where Cp is the expected value and Cy is variance (see
Kaastra 2017). The peak of (C — Ce) /v Cy indicate a possible period
of bursts.

We set n to 20 and search trial period from P, = 0.5 days
to Pmax = 600 days (fimin = 1/Pmax, fmax = 1/Pmin) with step
Af = 0.1/Tspan, where Typan mean the longest time from the first
burst to the last one. Setting Pmax = 600 to make sure that there are
at least 5 periods in the extent of the whole observation of all bursts.
The reduced x? and (C — Ce)/v/Cy of two samples (Sample A and
Sample B) are shown in the left two panels of Fig4 and 5, respectively.
According to the results of sample A, the peak of reduced )(2 is 127.31
day, which is the same as the peak of (C — Ce)/+/Cy. The results of
Period Folding are very consistent with that of periodogram method,
which is 126.88 day, namely the vertical red dotted line in Fig 4.

We note that, there is a peak around 55 days with similar sig-
nificance. It should be caused by observation windows, according
to the Lomb-Scargle Periodogram of simulation data of observation
windows (see Section 3.2). The peaks of )(2 and (C — C¢)/VCy of
sample B are 127.86 day, respectively, which is well consistent with
the result of sample A.
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represent 158.15 day and 238 day, respectively.

3.2 Lomb-Scargle Periodogram

The Lomb-Scargle Periodogram has been widely used in unevenly
sampled data for searching periodicity (Lomb 1976; Scargle 1982;
VanderPlas 2018). In this paper, we use the Lomb-Scargle function
to search possible periodic window with test period spanning from
0.5 day to 600 day. The event rates mean that the burst numbers
divided by exposure time and are calculated with a bin size of 0.05
day for stable False Alarm Probability (FAP) (see Zou et al. 2021).
The results are shown with blue line in right upper panel of Fig 4
and 5, respectively. The most significant peak of the Lomb-Scargle
periodogram is 127.30 day and 126.89 day for Sample A and B,
respectively. We note that there are additional two non-negligible
significant peaks around 157.2 day and 498.33 day. The FAP of each
possible period are followings: FAP(127.30 day) = 3.39 x 10713,
FAP(157.2 day) = 4.76x 10~'3 and FAP(498.33 day) = 5.59 x 1010,
However, these two peaks are much less significant in the results
of Period Folding method (left panels of Fig 4 and 5). They are
likely caused by observation windows and bursts gap, which will be
discussed in Section 3.3.

We note that there is also a peak around 238 day, which is the
favored period in previous studies (Denissenya et al. 2021; Grossan
2021; Zou et al. 2021), but the significance of this peak around 238
day is much lower than other peaks. This change of the significance
of the period of 238 day is mostly caused by the inclusion of new
bursts after 2021 October.

In addition, to test the effect of the observation window (see Fig.
2), we simulate a series of bursts in visible observation windows

of Fermi/GBM from 2014 July to 2022 January and calculate the
Lomb-Scargle periodogram of these simulated bursts. The light coral
dashed line represents the simulated data of observation windows in
the right upper panel of Fig 4 and 5. There are two apparent peaks
at 26.46 day and 52.95 day, which indicate that the periods around
26 day or 52 day are probably caused by the observation window
effects.

We normalize the periodogram of observation bursts data and the
periodogram of simulated bursts considering observation window
effect with maximum power value (namely the power of Lomb-
Scargle periodogram), and subtract the latter from the former. Then
we get the relative periodogram (Zhang et al. 2021) which are shown
in the right lower panels of Fig 4 and 5. The results of the relative
periodogram of two samples are similar to the original periodogram.
The prominent peaks of the relative periodogram of sample A are
55, 126.88 and 158 day, which are consistent with that of sample B.

According to the above results, we conclude that the most fa-
vored period is about 126.88+2.05 day for Sample A and 127.02+1
day for Sample B. The error is calculated with the same method
in CHIME/FRB Collaboration et al. (2020a): o = PWactive/Tspans
where P is period and W, ye is active days. For sample A, we show
the folded phase histogram in Fig 6. The filled plum histogram is
the phase profile of sample A, based on which we define the phases
between ¢=0.05 and ¢=0.4 as the active window. Then, we plot the
time history (in MJD) of Fermi/GBM and GECAM bursts, together
with active windows for periods of 126.88 day (this work) and 238
day (reported in previous works, Denissenya et al. 2021; Grossan
2021; Zou et al. 2021), as shown in Fig 8. Most bursts fall in the

MNRAS 000, 1-11 (2022)
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Figure 6. The folded phase of SGR J1935+2154. The plum histogram is the
distribution of sample A with period 126.88 day. The active window (i.e.
from ¢=0.05 to ¢=0.4) is denoted with red dotted lines. The black histogram
represent the folding profile of Sample A with a period of 238 day (reported
in previous studies Denissenya et al. 2021; Grossan 2021; Zou et al. 2021),
which is disfavored by the present results.

active windows (see Fig 6), but some are outside, which are also
shown in Fig 8. This may hint that the period behavior is not very
strict, e.g. including some quasi-periodic behavior.
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3.3 Simulation Tests

In this study, we test whether we can recover the input period in the
burst series with the period folding and Lomb-Scargle periodogram
methods used in this work. Especially we made two kinds of simu-
lation tests to evaluate the effects of observation window and burst
rate variation.

First, we set the input period as Pgj,,,=126.88 day and then draw
bursts according to the phase profile (see Fig 6) folded with this
period of 126.88 day. Since we need to simulate bursts from 2014-
01-01 to 2022-01-18, this time-span (8 years) contains about ~23
periods. In each period, we make sure that the simulated burst rate
follow the profile of folded phase.

Then, we did three different classes of simulations, with 10 sim-
ulations for each class. As an example, one of the 10 simulations
with the input period of 126.88 day is shown in Fig 7). For class 1,
the total number of simulated bursts in each period is random (upper
panel in Fig 7). For class 2, the total number of bursts is equal to
the detected bursts of SGR J1935+2154 (middle panel in Fig 7). For
class 3, removing those bursts in the invisible time windows from
the class 2. Then we apply the same period analysis with the Period
Folding and Lomb-Scargle periodogram methods to the simulated
bursts data.

We find that these 10 simulations give similar results for both
Lomb-Scargle periodogram and period folding methods, thus we
calculate the average Lomb-Scargle periodogram, Xz—stat and C-
stat test of these 10 simulations. The results of all three classes of
simulation are shown in Fig 9. It shows that these periodicity search
methods can successfully recover the input period (i.e. 126.88 day
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Figure 7. One of the 10 simulated burst data with an input period of 126.88

day as an example. The upper, middle and lower panel is the event rate of
simulated bursts of Class 1, 2 and 3, respectively.

in this simulation). It also, as expected, shows several harmonic
peaks of the input period. Interestingly, for class 2 and 3, both the
periodogram and period folding show remarkable peaks around 498
day, while there are also lower significant peaks around the period of
158.15 day and 238 day. Since all these periods (i.e. 158.15, 238, and
498 day) are absent in the class 1, it seems that they are introduced
by the burst rate variation or other observation effects.

Lastly, we repeat the above simulations with input period
Pgimu=50, 100, 150, 200 and 250 day, respectively. We find that
the input period can be recovered by the periodicity search methods
used in this study, which demonstrates that these methods of peri-
odic analysis are reasonably reliable. Moreover, the Lomb-Scargle
periodogram of some simulation periods (such as 50 day, 100 day,
150 day and 250 day) still show weak peaks around 125 day, 158 day,
238 day and 500 day. This indicates that the 126.88 day periodicity
may be affected by observation factors as well.

4 DISCUSSIONS AND SUMMARY

The period behavior of repeating FRBs is still a mystery. Motivated
by the connection between FRBs and SGRs, we analyze the possible
active periodic window of bursts from SGR J1935+2154. In this
paper, we adopt two methods to search the possible periodic window
(Period Folding and Lomb-Scargle Periodogram) on the updated
burst sample.
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To acquire more samples for searching and constraining the active
periodic window, we developed a targeted search pipeline to search
Fermi/GBM data from 2008 August to 2014 December. Then we ex-
clude the solar flares, particle events, TGFs and some spurious trig-
gers (such as phosphorescence spike events), and find 10 candidate
bursts. Although these candidate bursts are found with Fermi/GBM
data only and lack of confirmed observation by other instruments,
their properties (light curve, spectrum and locations) are well consis-
tent with known bursts from SGR J1935+2154, suggesting that most
of them should be likely from SGR J1935+2154. They are rather
weak that Fermi/GBM could not trigger them. None of them were in
the field of view of Swift/BAT, thus there is no expected detection
by Swift/BAT as well.

We defined two burst samples: sample A contains high confidence
bursts reported by Fermi/GBM and GECAM (from 2014 July to
2022 January), while sample B is composed of sample A and these
10 candidate bursts found from Fermi/GBM data between the year of
2018 and 2014. We mainly use sample A to do the periodicity search
and sample for the cross check the result of sample A.

Based on the period analysis of observation data and simulations,
we find the most favored period is 126.88+2.05 day. The folded
phase profile is shown in Fig 6, where the plum histogram is the
phase for sample A, and the active window between ¢=0.05 and
¢=0.4 is given by Bayesian Block method. The burst history and
phase are over-plotted in Fig 8 with the orange region representing
the active window. It seems most of bursts lie in the active window
including candidate bursts. There exist several peaks in the results
of the searching periodic window. We implemented simulations to
testify how the observation effects may interfere the period analysis.
Our simulations suggest that the period around 55 day is a fake signal
which is likely caused by observation windows, and the periods
around 158, 238 and 498 day could be reproduced if considering the
burst rate variation among periods.

Our results are very different from the periodicity ~238 day of
previous studies (Grossan 2021; Denissenya et al. 2021; Zou et al.
2021), which is mostly because different studies used different burst
samples. In this study, we added about 200 new bursts found in a
few months Fermi/GBM data and almost one year GECAM data.
We also tried to extend the burst history before the first previously
reported burst by Swift/BAT in 2014, by targeted search Fermi/GBM
data from 2008 to 2014. Another difference is that we studied the
observation effects on the periodicity search by detailed simulations
and found that these effects may introduce fake periods.

However, we should note that, as shown in Fig. 8, the periodicity
126.88 day is imperfect since the burst history of SGR J1935+2154
is very complicated and the burst rate varies drastically from time
to time, even including some time epoch with none detection of any
burst. This may hint that even though there is a period in the burst
activity, the burst rate for some period epoch may be very low thus
hardly to be observed. In any rate, it seems any robust conclusion
regarding the periodicity of the burst behavior should heavily reply
on more observations in the future.

One of the popular explanations for the PWB is that the repeating
FRBs come from a magnetar in binary with a companion star (Ioka &
Zhang 2020; Lyutikov et al. 2020; Zhang 2020a; Wang et al. 2022).
The orbital motion of the binary leads to the periodic variation of
the optical depth for the radio emission and, therefore, the radio
emission can be observed only in a window during which the pulsar
wind cavity is on the line of sight (Chen et al. 2021). However, there
is actually no evidence supporting the existence of a companion
star for SGR J1935+2154. Therefore, in principle, PWB may not be
expected in the X-ray burst activity of SGR J1935+2154 if the PWB

MNRAS 000, 1-11 (2022)
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is primarily caused by the binary orbital motion. On the contrary, if
the PWB indeed exists in SGR J1935+2154, then the PWB of the
repeating FRBs might be also due to some other mechanisms (e.g.,
the precession of the magnetar; Levin et al. 2020; Zanazzi & Lai
2020; Chen 2020; Wasserman et al. 2022) rather than the binary
orbital motion.

If the period of 126.88 day is real, considering that SGR
J1935+42154 is unlikely to be in a binary system, then we argue
that one possible reason for this period behavior could be the free
precession of neutron star (Zanazzi & Lai 2020; Levin et al. 2020).
The period of the free precession may be caused by a strong internal
magnetic field or deviation of the rotation axis of the magnetar. The
precession period of a magnetar is given by Levin et al. (2020),

-2 2
Pspin ~ 20( k )_1 Bint Bdip t 1/ days
€ 0.01 1016G 105G/ \ 30yr
)]

Ppr ~

where Pprec is the period of the free precession, Py, is the spin
period of the magnetar, k is the numerical coefficient, Bj,; is the
internal magnetic field of the magnetar, Bgjp is the surface dipole
magnetic field, and ¢ is the age of the magnetar. The maximum & ~ 1
would be approached if the field is fully coherent and purely toroidal.
The value of k is reduced when the field is tangled. According to
this equation, using our result Ppr = 126.88 day and Dspin = 3.24
S, Bdip =22 x 1014 G, t = 3.6 kyr (Israel et al. 2016), we can
derive that € ~ 2.96 x 10~ If k = 0.001, the internal magnetic field
is about 1.95 x 10!5 G. In addition, the cause for period could be
the force precession as discussed by some studies (Sob’yanin 2020;
Tong et al. 2020; Yang & Zou 2020), e.g. the anomalous torque of
electromagnetic forces induced by magnetar rotation could cause the
precession; the torque caused by fallback disk (Tong et al. 2020) can
enhance the precession and lead to a long period.
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Table 3. The SGR J1935+2154 burst sample detected by Fermi/GBM from 2021 November to 2022 January.

Burst Time (UTC)

Burst Time (UTC)

Burst Time (UTC)

Burst Time (UTC)

Burst Time (UTC)

2021-11-07T07:54:51.187
2021-12-26T12:55:09.689
2022-01-05T07:06:40.725
2022-01-09T09:28:12.737
2022-01-09T23:25:43.291
2022-01-11T07:48:21.419
2022-01-11T21:55:11.116
2022-01-12T04:10:05.302
2022-01-12T17:57:07.731
2022-01-13T02:37:06.879
2022-01-13T09:05:22.677
2022-01-13T14:35:34.417
2022-01-13T16:26:37.528
2022-01-14T04:02:38.208
2022-01-14T13:23:05.792
2022-01-14T19:45:08.047
2022-01-14T20:56:27.522
2022-01-15T00:03:17.918
2022-01-15T07:05:44.753
2022-01-15T08:04:45.318
2022-01-15T08:25:56.217
2022-01-15T08:45:40.673
2022-01-15T10:10:40.694
2022-01-15T16:06:05.370
2022-01-15T19:25:22.434
2022-01-16T03:14:35.947
2022-01-16T11:15:52.747
2022-01-16T12:23:46.018
2022-01-17T01:27:12.687

2021-12-24T03:42:34.341
2021-12-29T16:41:26.191
2022-01-06T02:36:14.044
2022-01-09T09:40:33.491
2022-01-10T02:57:16.776
2022-01-11T08:58:35.308
2022-01-12T01:03:46.329
2022-01-12T04:31:19.934
2022-01-12T18:12:04.642
2022-01-13T05:59:14.025
2022-01-13T10:28:58.992
2022-01-13T14:40:54.853
2022-01-13T19:23:10.210
2022-01-14T06:37:56.739
2022-01-14T13:34:30.163
2022-01-14T20:41:14.905
2022-01-14T22:21:29.360
2022-01-15T00:36:54.124
2022-01-15T07:08:43.476
2022-01-15T08:16:31.251
2022-01-15T08:27:38.893
2022-01-15T09:24:40.334
2022-01-15T12:50:12.834
2022-01-15T16:10:49.654
2022-01-15T19:27:50.194
2022-01-16T07:43:05.577
2022-01-16T11:17:35.433
2022-01-16T12:38:23.736
2022-01-17T01:39:37.260

2021-12-25T09:32:50.504
2022-01-04T00:42:17.704
2022-01-08T14:41:46.862
2022-01-09T09:55:20.779
2022-01-10T04:31:43.117
2022-01-11T17:05:55.630
2022-01-12T01:08:01.574
2022-01-12T05:42:51.470
2022-01-12T19:58:04.027
2022-01-13T06:49:04.357
2022-01-13T10:41:55.477
2022-01-13T14:44:57.928
2022-01-13T19:36:08.511
2022-01-14T08:16:01.323
2022-01-14T16:08:43.298
2022-01-14T20:46:16.444
2022-01-14T22:21:33.331
2022-01-15T03:08:22.219
2022-01-15T07:54:13.911
2022-01-15T08:21:46.394
2022-01-15T08:36:42.075
2022-01-15T09:26:39.856
2022-01-15T13:09:50.129
2022-01-15T17:21:59.283
2022-01-15T20:35:30.342
2022-01-16T10:03:57.580
2022-01-16T11:20:30.636
2022-01-16T14:09:38.568
2022-01-17T12:43:01.185

2021-12-25T18:48:28.387
2022-01-04T04:32:11.147
2022-01-09T04:57:16.080
2022-01-09T12:57:21.913
2022-01-10T15:55:38.291
2022-01-11T18:21:07.672
2022-01-12T02:05:58.212
2022-01-12T08:39:25.279
2022-01-12T23:00:12.748
2022-01-13T08:34:20.010
2022-01-13T13:07:30.634
2022-01-13T14:58:01.149
2022-01-13T19:57:55.715
2022-01-14T11:26:42.754
2022-01-14T19:27:16.671
2022-01-14T20:46:17.510
2022-01-14T22:38:26.261
2022-01-15T06:37:08.499
2022-01-15T07:54:43.936
2022-01-15T08:23:02.089
2022-01-15T08:36:51.475
2022-01-15T09:39:04.523
2022-01-15T13:13:05.353
2022-01-15T19:11:28.185
2022-01-15T22:38:44.484
2022-01-16T10:48:37.617
2022-01-16T11:30:23.385
2022-01-16T14:10:01.110
2022-01-17T15:37:58.722

2021-12-25T22:22:20.115
2022-01-05T06:01:31.350
2022-01-09T07:39:10.637
2022-01-09T14:16:08.559
2022-01-11T05:42:12.251
2022-01-11T21:54:01.124
2022-01-12T02:19:22.106
2022-01-12T08:48:28.544
2022-01-13T02:30:24.267
2022-01-13T08:37:42.154
2022-01-13T13:16:45.157
2022-01-13T15:13:25.807
2022-01-14T00:38:18.604
2022-01-14T11:39:41.804
2022-01-14T19:42:08.833
2022-01-14T20:46:32.943
2022-01-14T22:46:54.966
2022-01-15T06:44:05.437
2022-01-15T08:00:58.090
2022-01-15T08:24:36.044
2022-01-15T08:39:22.360
2022-01-15T09:43:00.887
2022-01-15T13:13:07.566
2022-01-15T19:19:46.057
2022-01-15T22:51:22.059
2022-01-16T10:59:28.693
2022-01-16T11:39:42.753
2022-01-16T18:46:30.292
2022-01-17T18:39:49.468

Table 4. The SGR J1935+2154 burst sample detected by GECAM from 2021 January to 2022 January.

Burst Time (UTC)

Burst Time (UTC)

Burst Time (UTC)

Burst Time (UTC)

Burst Time (UTC)

2021-01-27T06:50:20.750
2021-07-07T00:33:31.640
2021-09-10T01:04:33.500
2021-09-10T03:42:45.750
2021-09-11T16:50:03.850
2021-09-11T18:02:13.500
2021-09-11T20:13:40.550
2021-09-12T00:34:37.450
2021-09-12T16:52:07.950
2021-09-14T11:10:36.250
2021-09-15T15:32:56.050
2021-09-22T20:12:16.500
2022-01-05T07:06:40.800
2022-01-11T08:58:35.450
2022-01-13T19:36:08.600
2022-01-14T19:56:52.700
2022-01-14T20:21:05.150
2022-01-15T09:26:39.900
2022-01-17T01:39:37.300

2021-01-30T08:39:53.840
2021-07-08T00:18:18.560
2021-09-10T02:07:56.700
2021-09-10T05:05:03.350
2021-09-11T17:01:10.800
2021-09-11T18:04:46.350
2021-09-11T20:22:59.050
2021-09-12T00:45:49.400
2021-09-12T22:16:36.200
2021-09-14T14:15:42.900
2021-09-17T12:52:37.800
2021-10-07T11:57:07.700
2022-01-06T02:36:14.100
2022-01-12T01:03:46.900
2022-01-13T20:14:58.600
2022-01-14T20:06:07.400
2022-01-14T20:23:35.400
2022-01-15T13:52:26.050
2022-01-23T20:06:38.750

2021-01-30T10:35:35.120
2021-07-12T04:32:39.600
2021-09-10T02:08:28.800
2021-09-10T05:35:55.500
2021-09-11T17:01:59.550
2021-09-11T18:54:36.050
2021-09-11T20:33:14.550
2021-09-12T05:14:07.950
2021-09-13T00:27:25.200
2021-09-14T23:21:58.500
2021-09-17T13:58:25.100
2021-11-01T23:13:41.950
2022-01-08T14:41:46.900
2022-01-12T05:42:51.650
2022-01-13T21:41:17.900
2022-01-14T20:07:03.050
2022-01-14T20:26:50.300
2022-01-15T16:31:14.900
2022-01-24T02:10:55.050

2021-02-11T13:43:16.760
2021-07-12T22:12:58.100
2021-09-10T03:22:40.550
2021-09-11T16:35:46.500
2021-09-11T17:04:29.800
2021-09-11T19:43:28.000
2021-09-11T21:07:28.350
2021-09-12T05:44:17.050
2021-09-13T14:12:39.650
2021-09-14T23:26:34.050
2021-09-18T22:58:52.150
2022-01-04T04:32:11.200
2022-01-09T07:39:10.700
2022-01-12T08:39:25.450
2022-01-14T19:42:08.833
2022-01-14T20:12:45.300
2022-01-14T20:29:07.250
2022-01-15T17:21:59.300
2022-01-24T02:27:07.400

2021-02-16T22:20:39.600
2021-09-09T21:07:12.150
2021-09-10T03:24:47.150
2021-09-11T16:39:21.000
2021-09-11T17:10:48.750
2021-09-11T19:46:50.050
2021-09-11T22:51:41.600
2021-09-12T16:26:08.150
2021-09-13T19:51:33.350
2021-09-15T02:39:25.700
2021-09-22T02:39:10.200
2022-01-05T06:01:31.450
2022-01-10T06:52:40.500
2022-01-12T17:57:08.500
2022-01-14T19:45:08.100
2022-01-14T20:15:54.400
2022-01-14T20:31:49.900
2022-01-16T10:48:37.650
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