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ABSTRACT
We report on NICER observations of the magnetar SGR 1935+2154, covering its 2020 burst storm and

long-term persistent emission evolution up to ∼ 90 days post outburst. During the first 1120 seconds taken on
April 28 00:40:58 UTC we detect over 217 bursts, corresponding to a burst rate of > 0.2 bursts s−1. Three
hours later the rate is at 0.008 bursts s−1, remaining at a comparatively low level thereafter. The T90 burst
duration distribution peaks at 840 ms; the distribution of waiting times to the next burst is fit with a log-normal
with an average of 2.1 s. The 1-10 keV burst spectra are well fit by a blackbody, with an average temperature
and area of kT = 1.7 keV and R2 = 53 km2. The differential burst fluence distribution over ∼ 3 orders
of magnitude is well modeled with a power-law form dN/dF ∝ F−1.5±0.1. The source persistent emission
pulse profile is double-peaked hours after the burst storm. We find that the bursts peak arrival times follow a
uniform distribution in pulse phase, though the fast radio burst associated with the source aligns in phase with
the brighter peak. We measure the source spin-down from heavy-cadence observations covering days 21 to
39 post-outburst, ν̇ = −3.72(3) × 10−12 Hz s−1; a factor 2.7 larger than the value measured after the 2014
outburst. Finally, the persistent emission flux and blackbody temperature decrease rapidly in the early stages of
the outburst, reaching quiescence 40 days later, while the size of the emitting area remains unchanged.

1. INTRODUCTION

Large variability patterns over a broad range of time-scales
(milliseconds to hours) is a defining property of magne-
tars, rarely shared with other classes of the isolated neutron
star family. Most common are the short (average duration
∼ 200 ms) very bright (LX . 1042 erg s−1) hard X-ray
bursts, ubiquitously detected from the majority of the mag-
netar population. These bursts can occur in isolation, with a
single to a few bursts observed, (e.g., An et al. 2015; Younes
et al. 2020b), or during a burst storm, when hundreds are
detected within hours to days from the start of the source
activity (e.g., Israel et al. 2008; van der Horst et al. 2012).
The least common form of magnetar bursting activity is the
emission of a Giant Flare (GF). GFs consist of an initial sub-
second hard “spike” reaching luminosities of∼ 1047 erg s−1,
followed by a softer tail pulsating at the spin-period of the

source and lasting for several minutes. These events have so
far been detected on three occasions from three known mag-
netars (e.g., Mazets et al. 1979; Hurley et al. 1999; Palmer
et al. 2005). On longer time-scales, magnetars randomly
enter active episodes, usually associated contemporaneously
with bursting activity, where their persistent flux level in-
creases by factors of few to a thousand, accompanied by
spectral and temporal variability. These properties often re-
cover to their pre-outburst levels months to years after activ-
ity cessation (e.g., Woods et al. 2004; Rea et al. 2013; Scholz
et al. 2014; Younes et al. 2017a; Coti Zelati et al. 2018).
Magnetars are widely believed to be powered by the decay
of their super-critical external magnetic fields, often in ex-
cess of 1014 G (Kouveliotou et al. 1998), and perhaps larger
internal ones (Thompson & Duncan 1996, see also Turolla
et al. 2015; Kaspi & Beloborodov 2017 for reviews).
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SGR 1935+2154 was discovered in 2014 when Swift-BAT
triggered on magnetar-like bursts from the Galactic plane
direction (Stamatikos et al. 2014), close to the geometrical
center of the SNR G57.2+0.8 (Kothes et al. 2018). Sub-
sequent Chandra and XMM-Newton monitoring revealed a
source spin-period P = 3.24 s and a spin-down rate Ṗ =
1.43×10−11 s s−1, implying a magnetar-like dipolar B-field
strength, B ≈ 2.2 × 1014 G, at the equator, which, together
with the bursts, cemented its identification as a magnetar
source (Israel et al. 2016). Since discovery, SGR 1935+2154
has been very active, showing outbursts in 2015 and 2016,
each more intense than the preceding one, in terms of total
number of bursts per active episode and total energy emitted
in bursts and in persistent emission from the source (Younes
et al. 2017b; Lin et al. 2020).

On 2020 April 27, a multitude of wide field-of-
view instruments detected intense bursting activity from
SGR 1935+2154, comprising its most prolific episode since
discovery (Fletcher & Fermi GBM Team 2020; Palmer 2020;
Younes et al. 2020c). Hours after the initial trigger, an in-
tense radio burst from the direction of SGR 1935+2154 was
independently detected with the Canadian Hydrogen Inten-
sity Mapping Experiment (CHIME, The CHIME/FRB Col-
laboration et al. 2020) and the Survey for Transient Astro-
nomical Radio Emission 2 (STARE2, Bochenek et al. 2020)
radio telescopes at 400–800 MHz and 1.4 GHz, respectively.
This radio burst had fluence of the order of 1 MJy ms, bright
enough to be potentially detectable at distances of several
tens of Mpc by existing large radio facilities (Bochenek et al.
2020); this places it close to the faint end of the extragalactic
fast radio burst (FRB) population. Simultaneous to the radio
burst, multiple hard X-ray telescopes detected a magnetar-
like burst from SGR 1935+2154, with a spectrum somewhat
harder than previously observed from the source (Mereghetti
et al. 2020; Li et al. 2020; Ridnaia et al. 2020; Tavani et
al. 2020). This exceptional FRB−X-ray burst association
placed magnetars at center stage as the potential origin of
at least some extragalactic fast radio bursts. Interestingly,
SGR 1935+2154 has since shown several millisecond radio
bursts with fluences between 3 and 7 orders of magnitude
smaller than the FRB-like burst (Zhang et al. 2020; Kirsten
et al. 2020; Good & Chime/Frb Collaboration 2020; Pleunis
& CHIME/FRB Collaboration 2020; Zhu et al. 2020).

Here, we report on the burst storm of SGR 1935+2154
as observed with NICER hours after the activity onset, as
well as the ensuing outburst evolution of the source persis-
tent emission. Section 2 summarizes the observations and
data reduction. Section 3 presents the temporal and spec-
tral analyses of the burst storm, while Section 4 discusses the
analysis of the persistent emission up to 90 days following
the outburst onset. We discuss our findings in Section 5.

Throughout the paper, we adopt a fiducial distance towards
SGR 1935+2154 of 9 kpc due to the large uncertainties in
its distance estimate (Kothes et al. 2018; Zhou et al. 2020;
Mereghetti et al. 2020; Zhong et al. 2020).

2. OBSERVATIONS AND DATA REDUCTION

NICER is a non-imaging X-ray timing and spectral instru-
ment providing a collecting area of 1900 cm2 at 1.5 keV. It
consists of 56 co-aligned X-ray concentrating optics cover-
ing a (30′)2 field of view (Gendreau et al. 2016), 52 of which
are currently operating. We utilize all 52 detectors for our
burst analyses. NICER started observing SGR 1935+2154
on 2020 April 28 at 00:40:58 UTC, six hours after the initial
Swift-BAT and Fermi -GBM triggers that signaled the start
of another burst active period from the source, and just under
14 hours prior to the FRB (Barthelmy et al. 2020; Fletcher
& Fermi GBM Team 2020). The first observation, with ID
3020560101, had an exposure of 3.1 ks spread over a large
portion of April 28. We show the 1-10 keV light curve at
the 64 ms resolution in the upper panel of Figure 1. The first
uninterrupted good time interval (GTI), shown in the middle
panel of Figure 1 and totalling 1120 seconds, caught the tail
end of the burst storm from the source. We focus on this
observation, and more specifically on the first GTI, for the
analysis of the burst forest. For the outburst evolution, how-
ever, we analyze all publicly available NICER observations,
as summarized in Table 1.

We processed the NICER data using NICERDAS ver-
sion 7a, as part of HEASOFT version 6.27.2. We start our
data reduction from level 1 event files. We create good
time intervals using standard filtering criteria as described
in the NICER Data Analysis Guide 1. Due to the relatively
large absorbing hydrogen column density in the direction
of SGR 1935+2154 and the reduced NICER sensitivity at
high energies, we only consider photons in the energy range
1 − 10 keV for our temporal and spectral analyses. For
the analysis of the bursts, we correct for the loss of expo-
sure fraction due to deadtime following the steps described
in Younes et al. (2020a). We use the response matrices and
ancillary files given in the latest NICER calibration files,
version 20200722. The background is estimated from a 40-
second long interval centered on each burst peak time, after
excluding all identified bursts (Figure 1, bottom panel). As
for the persistent emission, we estimate the background us-
ing the NICER tool nibackgen3C502. A bright dust scat-
tering halo was detected in Swift-XRT on April 27, which
decayed very rapidly to almost background level on April
28 (Mereghetti et al. 2020, their Figure 5). Hence, this halo
emission may marginally contribute to the sky background,
especially during the first GTI of our first NICER observa-
tion (Figure 1), which we only use to analyze the bursts. This
excess emission is automatically accounted for since it is part
of the background of each burst as defined above.

We use XSPEC version 12.11.0k (Arnaud 1996) to per-
form all spectral analyses. For the burst spectral analysis,
we group the spectra to have five counts per energy bin,
and use the W-statistic (command statistic Cstat in

1 https://heasarc.gsfc.nasa.gov/docs/nicer/data analysis/nicer analysis guide.html
2 https://heasarc.gsfc.nasa.gov/docs/nicer/tools/nicer bkg est tools.html

https://heasarc.gsfc.nasa.gov/docs/nicer/data_analysis/nicer_analysis_guide.html
https://heasarc.gsfc.nasa.gov/docs/nicer/tools/nicer_bkg_est_tools.html
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Figure 1. Upper panel. NICER light curve of observation ID 3020560101 shown at 64 ms resolution in the 1-10 keV energy range. The dashed
blue vertical line is the time of FRB 200428. The gray dashed vertical lines delimit the first GTI when the burst forest occurred. The arrow
indicates that the count rate is outside the y-axis limit. Middle panel. A “zoom-in” view of the burst forest. We detect more than 217 bursts
during ∼1120 seconds. The inset is a zoom-in at the area delimited with a dotted gray box , representing the most intense bursting period.
Lower panel. The light curve (with 0.5 s resolution) of the burst forest after eliminating all identified bursts.

XSPEC) for model parameter estimation and error calcula-
tion. For the persistent emission spectra, we group each
spectrum to have at least 50 counts per energy channel for
the use of the χ2 statistics. We use the Tübingen-Boulder
model (tbabs) to account for interstellar absorption in the

direction of SGR 1935+2154, along with the abundances of
Wilms et al. (2000) and the photoelectric cross-sections of
Verner et al. (1996). We report all parameter uncertainties at
the 1σ level, unless quoted otherwise.
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3. RESULTS

3.1. Burst identification

We apply a Poissonian procedure to identify bursts within
each GTI starting with dividing it into multiple 100 s dura-
tion time intervals, ∆T (e.g., Gavriil et al. 2004). We then
create a light curve with 4 ms resolution within each ∆T ,
resulting in a total number of N = 25000 bins per interval.
Next, we calculate the probability Pi of the total counts in
each 4 ms time bin, ni, to be a random fluctuation around
the average λ (the ratio of the total counts within ∆T over
∆T ) as Pi = (λni exp(−λ))/ni!. Any time bin satisfying
the criterion Pi < 0.01/N , is flagged as part of a burst. The
procedure is reiterated until no more bins are identified in a
∆T . To capture the weaker tails of bursts as well as fainter
bursts that are not resolved at high resolution, we repeat the
above procedure using time resolutions of 32 ms, 128 ms, and
512 ms, after excluding all flagged bins of 4 ms, as discussed
above. We note that at lower resolutions, the most intense
parts of the burst forest, i.e., between 300 and 600 seconds
after the start of the observation (Figure 1, bottom panel),
appear to be sitting on a bed of elevated emission. We cor-
rect for this variable background by fitting a non-parametric
function to local minima within each ∆T (Eilers & Boelens
2005). We repeated our burst search algorithm for different
∆T s, ranging from 20 to 200 s in steps of 20 s. We found
that our search algorithm is only weakly dependent on the
interval duration.

We define the start of a new burst to be when the emission
of the previous burst drops and remains at the background
level, after subtracting the elevated emission level, for 0.5 s
(i.e., 15% of the source spin period). This establishes a Tstart
and Tend for each burst and provides enough background be-
fore and after to derive the burst temporal properties. We
identify a total of 217 bursts within the first GTI. At the
peak of the burst forest, we identify a 31 s interval (about
10 rotational periods) where the emission never reaches the
background level (designated as burst 100 in Table 2). This
is shown in the inset of the middle panel of Figure 1. The
length of this bursting interval, which contains many individ-
ual bursts, is > 6 times the duration of the second longest
burst. We exclude this interval from all burst analyses. In the
remaining four GTIs we identify a total of 6 bursts.

3.2. Burst temporal results

To derive burst temporal properties, we consider the 1-
10 keV unbinned events within the interval Tstart and Tend
for each burst as estimated above, as well as a background
interval just before and after these times, respectively. These
background intervals range between 0.3 and 2 seconds. We
fit the cumulative count distribution of the background inter-
val with a linear function, and then correct the burst cumula-
tive count distribution using this background estimate.

We consider the start (end) time of the burst Ts,100(Te,100)
the time at which the cumulative sum rises (drops) to 3σ
above (below) the average level of the pre- (post-) burst
background-corrected interval; we calculate the burst fluence

as the total number of counts between Ts,100 and Te,100, and
we define T100 = Te,100 − Ts,100. The T90 burst duration
is estimated as the time interval during which 5% to 95% of
the burst fluence is accumulated (Kouveliotou et al. 1993).
Figure 2 shows three examples of burst light curves along
with their Ts,100 and Te,100 (dotted vertical lines), and the
start and end times of the T90 interval, Ts,90 and Te,90, re-
spectively (dot-dashed vertical lines). The bottom panel of
Figure 1 shows the burst storm at 0.5 s resolution, after ex-
cluding the T100 of all bursts.

To establish the peak time of each burst, Tpeak, we start
from the unbinned list of events between Ts,100 and Te,100.
We create light curves with a resolution of 2n ms where n is
an integer iteratively increased from 1 to 6 (i.e., 2 to 64 ms).
Starting with n = 1, we define Tpeak as the first time bin
that reaches a total count with significance > 7σ above the
background. If this condition is not met, n is increased and
the procedure is repeated until Tpeak is established. The peak
times of the three burst-examples are shown as dashed lines
in Figure 2. We define the time-to-peak Ttp and time-from-
peak Tfp as Tpeak − Ts,100 and Te,100 − Tpeak, respectively.
Finally, we define the waiting time until the next burst as
Ti+1 s,100 − Ti e,100, where i = 1, 2..., is the burst number.

In the following, we give the statistical properties of the
bursts detected during the first GTI, i.e., the burst storm. We
later compare their results to the bursts detected in the subse-
quent four GTIs (Figure 1).

The T90 and T100 distributions of the bursts are shown in
the left and middle panel of Figure 3, respectively. The best
fit log-normal distributions are shown as the solid black line,
and results in a T90 and T100 means of 840 ms and 1270 ms.
The 1σ interval ranges from 430 to 1630 ms for T90 and 620
to 2580 ms for T100. The waiting time distribution for the
bursts identified within the first GTI is shown in Figure 3,
right panel. A fit to the distribution with a log-normal func-
tion is shown as a black solid line. We measure a mean of
2.1 s with an 1σ interval range of 0.6 to 7.2 s. Figure 4 shows
the Ttp, Tfp, and Ttp/Tfp distributions. The best fit log-
normal distributions to each are shown as black solid lines.
We measure a mean time-to-peak < Ttp >= 0.51+1.64

−0.36 s and
a mean time-from-peak < Tfp >= 0.68+0.96

−0.40 s. The aver-
age of the distribution of the ratio of these two parameters
is 0.69+2.40

−0.54, indicating a steeper rise than decay in the burst
profiles. The uncertainties on each parameter represent the
1σ standard deviation of the best-fit log-normal function to
the respective distribution.

We searched for any correlation of the bursts peak arrival
time (after applying a barycentric-correction) with rotational
phase (Figure 5, light blue dots), given that we detect the
source spin period in the four GTIs after the burst storm (see
Section 4.1). No clustering is obvious at any particular phase.
We find a χ2 of 15 for 9 dof when fitting the peak arrival data
to a horizontal line. We also apply the Anderson-Darling
(AD) test to compare the cumulative distribution function
(CDF) of the burst phases to a uniform distribution. We find
an AD test statistic of 1.0 and p-value of 0.35, implying that
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Figure 2. Left panels. Three examples of bursts emitted during the burst forest plotted with 16 ms resolution in the 1-10 keV energy range. The
vertical dotted lines delimit the T100 start and end times of the bursts. The dot-dashed lines delimit the start and end times of the T90 interval.
The peak time of the bursts is shown as a dashed line and corresponds to t=0. Right panels. Spectra of each of the bursts. Panels (a) show the
data in FE space and the best fit absorbed BB model. Panels (b) are the corresponding residuals in terms of σ. Panels (c) show the residuals of
an absorbed PL model for comparison. See text for details.

the phases of the bursts are consistent with a uniform dis-
tribution. We also tested for the dependence of R2, kT, T90,
waiting time, and flux on phase, and found no significant cor-
relations. Considering very short bursts with T90 < 0.5 s also
results in no significant dependence of any of the burst tem-
poral or spectral parameters with phase. Since the FRB time
lands within our observation at a barycenteric-corrected time

of 58967.608575933 MJD (Modified Julian Date), we also

3 We converted the FRB geocentric arrival time to the barycentric reference
frame using the tool pintbary from the precision timing software PINT
(Luo et al. 2019, https://github.com/nanograv/PINT). We considered the
same source position and JPL ephemerides (DE405) as the ones used to
barycenter the X-ray data.
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Figure 3. Left panel. T90 distribution of the SGR 1935+2154 bursts detected during the burst storm. The solid black line is the best fit
log-normal function to the distribution with a mean of 840 ms. Right panel. T100 distribution along with the best fit log-normal function (solid
black line) with a mean of 1.27 s. Right panel. Waiting-time distribution and the best fit log-normal function shown as black solid line. The
average waiting time between bursts is 2.1 s. See text for more details.
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Figure 4. Time-to-peak (Ttp, left panel), Time-from-peak (Tfp, middle panel), and the ratio Ttp/Tfp (right panel) distributions. The best fit
log-normal function to each distribution is shown as black-solid line with means of 510 ms, 680 ms, and 0.69, respectively.

show its arrival time in phase space as a dashed blue line in
Figure 5. We discuss the implications of its phase association
in Section 5.3.

3.3. Burst spectral results

We fit the 1-10 keV spectra of each burst with a simple
model consisting of an absorbed blackbody (BB) or PL func-
tion. We do not attempt more complex models such as a cut-
off PL or a 2BB model since NICER only covers a small
range of the magnetar bursts broad-band energy spectrum
(∼ 1 − 200 keV). We could not constrain the hydrogen col-
umn density in the direction of SGR 1935+2154 due to the
low total number of counts in the majority of the bursts.
Hence, we fix NH to 2.4 × 1022 cm−2, which is the best
fit value as derived with high signal-to-noise persistent emis-
sion spectra of the source (e.g., Younes et al. 2017b). This
value is also consistent with the one derived for bursts with
enough counts to enable a measurement of NH. Finally, 12
bursts had very few counts to allow for any spectral analysis
(Table 2).

We find that most bursts were better fit with the BB model
as opposed to the PL one, which consistently resulted in
residuals at the lower and upper-end of the NICER energy
range. We show three examples of burst spectra in the right
panel of Figure 2. The spectra and the best fit absorbed BB
model are shown in panels (a). The residuals of the absorbed

BB and of the absorbed PL are displayed in panels (b) and
(c), respectively. As can be seen, especially in the second
and third bursts, significant residuals remain at the lower and
upper end of the energy coverage when the bursts are fit with
the PL model.

The distribution of the BB fit temperatures is exhibited in
Figure 7 (left). We find an average BB temperature of 1.7
and 1σ range of 1.3-2.2 keV. Assuming a spherically emitting
region obeying the Stefan-Boltzmann law R2T 4 =constant,
we also display the distribution of emission areas R2 in Fig-
ure 7, and estimate an average of 54 km2. The 1σ interval
is 30 to 154 km2. Both are substantially larger than the cor-
responding values for the persistent emission as presented in
Section 4. Finally, the positive correlation between the BB
temperatures, kT , and burst fluxes (Figure 7, right panel),
indicates a hardening of burst spectra with increasing flux.
However, we should stress the caveat here, that we are us-
ing a very narrow energy range to derive these results, which
might under-represent the source spectral properties.

We measure burst fluences, F , by multiplying the time-
averaged flux of each burst with the corresponding T90 (mea-
sured in Section 3.2). We show in Figure 6 the differen-
tial fluence distribution of the bursts in the first GTI, uni-
formly binned on a logarithmic scale. The turnover at flu-
ences . 1.5 × 10−9 (open squares) reflects our inability to
recover bursts with lower fluences. To verify this assump-
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Figure 5. Upper panel. Persistent emission pulse profile of the
NICER data taken on 2020 April 28 (observation ID 3020560101),
day 1 after the outburst onset (black dots and solid line). We exclude
the first GTI during which the burst forest occurred. The rms pulsed
fraction is 8±2%. The light blue points represent the peak times of
the NICER bursts folded at the spin period of the source. We find
no preference for burst peak arrival time with phase. The vertical
dashed-blue line is the phase of the FRB arrival time. Bottom panel.
Pulse profile of the persistent emission as observed during days 21
to 39 post outburst (observation IDs 3020560105 to 3020560119).
The dotted lines are the phases of the two radio bursts observed by
Kirsten et al. (2020). The rms pulsed fraction is 6.7 ± 0.8%. The
two profiles, shown in the energy range 1.5-5 keV, are not phase-
connected; their respective minima are shifted to phase 0. See text
for more details.

tion, we perform simple simulations as follows. We assume
that a burst is approximated with a top-hat profile of a certain
width w ∼ T90. We assume that the simulated bursts have
a total number of counts ranging from 50 to 500, which we
iteratively increase in steps of 5 counts. We distribute these
counts alongw following an exponential distribution, i.e., the
expected waiting time between events for a Poisson process.
For each total number of counts, we simulate 104 bursts with
w drawn from the log-normal distribution that best fit the T90
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Figure 6. Burst fluence distribution of the bursts detected during the
SGR 1935+2154 burst storm. The filled dots represent the bursts
for which our detection efficiency is ≥ 99%. Open squares repre-
sent fluences with decreased detection efficiency. The solid line is a
PL fit to the black dots only, N ∝ F−0.5±0.1.

distribution. We add a background contribution to the burst
in a ±5 s interval around its centroid. The background count
rate is drawn from a normal distribution with a mean and
standard deviation of 75 ± 5 counts s−1, which is the max-
imum average background count rate of the first GTI (Fig-
ure 1, lower-panel). Running our burst search algorithm on
the simulated light curves, we find that for a 110 total burst
counts, we detect the bursts at the 99% rate. For a typical
burst spectrum (blackbody with kT = 1.7 keV, see below),
this corresponds to a burst fluence F ∼ 1.6×10−9 erg cm−2.
Ignoring the bins in Figure 6 with fluences lower than this
value, we find that the differential fluence distribution for
SGR 1935+2154 bursts can be well modeled with a power-
law (PL) N ∝ F−0.5±0.1 or dN/dF ∝ F−1.5±0.1, where
N represents the total number of bursts within a fluence
bin, over approximately three orders of magnitude of fluence
from 10−6 − 10−9 erg cm−2.

Finally, we find that the total bursts fluence emitted dur-
ing the burst storm Ftot = (5.0 ± 0.1) × 10−6 erg cm−2

in the 0.5-10 keV energy range, which translates to a total
energy emitted in the bursts of 4.8× 1040 erg. This measure-
ment should be considered a lower limit since, for at least
the brighter bursts, the spectral peak is at energy > 10 keV,
beyond the coverage of NICER (Younes et al. 2020a).

3.4. Properties of bursts beyond the burst storm

The April 28 NICER observation exhibits five GTIs of
which the last four occur 2.9, 4.4 , 5.8, and 15 hours af-
ter the first GTI (i.e., the burst storm, Figure 1). We find
two bursts in each of GTIs 2, 3, and 4 and none in the very
last. Given their similar exposure, we derive for each a burst
rate of 0.008 bursts s−1. This is in contrast to the burst rate
> 0.2 bursts s−1 we detect during the burst storm, just 3
hours earlier. The average T90 of these bursts is 0.6 s, roughly
consistent with the average burst storm T90. Their spectra



8

100 101
kT (keV)

0

10

20

30

40
Nu

m
be

ro
fb
ur
st
s

100 101 102 103 104
Area (km2)

0

10

20

30

40

Nu
m
be

ro
fb
ur
st
s

10−9 10−8 10−7
Flux (ergcm−2 s−1)

1

2

4

8

kT
(k
eV

)

Figure 7. Left panel. Distribution of the burst BB temperatures along with the best fit lognormal function (solid line). The vertical dashed
line is the highest BB temperature measured for the persistent emission. The arrow indicates the surface temperature evolution trend during the
outburst decay. Middle panel. Distribution of the burst BB area along with the best fit lognormal function (solid line). The vertical dashed line
is the BB area of the persistent emission. Right panel. Burst BB temperature vs flux, measured in the 0.5-10 keV energy band.

are well fit with a BB model with temperatures also con-
sistent with the bulk of the bursts detected during the burst
storm. In contrast, the average fluence of these bursts is
4.5×10−10 erg cm−2, which is only consistent with the very
faint end of the fluence distribution shown in Figure 6.

4. PERSISTENT EMISSION

4.1. Timing

We searched for the spin period of SGR 1935+2154 us-
ing the barycenter-corrected events detected during the first
NICER observation, ID 3020560101, after excluding all
identified bursts. To increase our sensitivity for period de-
tection, we excluded the first GTI of the observation since
it is strongly contaminated by bursts that are not resolved
from the underlying persistent emission (Section 3.3). We
also only consider events in the energy range 1.5 to 5 keV,
and we restricted our search interval to the period range
3.236 s < P < 3.249 s, which encapsulates the source spin
period, P = 3.24731(1) s, as derived from NICER observa-
tions performed on April 29 and 30 (Borghese et al. 2020).
We find the largest Z2

1 (Buccheri et al. 1983) power of 24.5 at
a frequency ν = 0.307946(2) (the number in parenthesis rep-
resents the 1σ uncertainty, which corresponds to a decrease
in Z2

1 by 2.3). This corresponds to a period P = 3.24732(2)
at a reference time 58967.423047 MJD. This period is con-
sistent at the 1σ level with the one in Borghese et al. (2020),
which implies a 3σ upper limit on any spin-down or spin-up
event |Ṗ | & 6.0×10−10 s s−1. Figure 5, upper-panel, shows
the 1.5 − 5 keV pulse profile in black. We derive an rms
pulse fraction of 8± 2%, however, we note that this value is
not background-corrected and should be considered a lower-
limit.

The fast decay trend of the persistent emission flux be-
yond the first exposure resulted in very few counts detected
in each separate observation for pulsation searches. How-
ever, NICER performed heavy cadence observations on two
occasions during the outbursts, observing SGR 1935+2154
almost daily. The first (interval 1) covered days 21 to 39
from the outburst onset (observation IDs 3020560105 to
3020560119), while the second (interval 2) extended from
days 54 to 68 (observation IDs 3020560120 to 3020560133).

Hence, we searched simultaneously for the source spin-
frequency and its derivative, 0.3079 < ν < 0.3080 and
−12 < log ν̇ < −11 in steps of ∆ν/1000 and ∆ log ν̇/500,
for each of these time spans using two different methods, the
Z2-test (Buccheri et al. 1983) and an epoch-folding or χ2-
test (e.g., Staelin 1969).

During interval 1, the total NICER exposure is 24.3 ks,
detecting about 17800 counts in the energy range 1.5-5 keV.
Both methods resulted in the detection of a strong signal,
Z2 = 77 and χ2 = 91, with spin parameters consistent at the
1σ level. We then refined this timing model through a phase-
coherence analysis by dividing the interval into four portions
each with about 4500 counts. From the latter, we estimate the
spin frequency ν = 0.30794014(1) and frequency derivative
ν̇ = −3.72(3) × 10−12 Hz s−1 (reference time 58997.571
MJD). The photon arrival times of interval 1 folded with the
above timing model is shown in the bottom panel of Fig-
ure 5. We measure an rms pulsed fraction of 6.7 ± 0.8%.
The dotted-lines are the corresponding phases of the two ra-
dio bursts detected on 2020 May 24 (Kirsten et al. 2020).

NICER exposure of SGR 1935+2154 during interval 2
is 21.5 ks, detecting a total of 12100 counts in the energy
range 1.5-5 keV. Applying the same methodology as above,
we cannot detect significant pulsations within the searched
(ν, ν̇) range. We also tried to phase-connect interval 1 and 2,
however we do not detect the source pulse in interval 2 when
folding with the timing model derived for interval 1. Assum-
ing a similar pulse shape compared to interval 1, we estimate
a 3σ upper limit on the rms pulsed fraction of about 5%.

4.2. Spectroscopy

We perform spectral analysis on the persistent emission of
SGR 1935+2154 starting with the second GTI of the first
NICER observation (Figure 1). We exclude the first GTI due
to strong contamination from unresolved burst emission. We
fit the X-ray spectra in the energy range of 1.0 − 5.0 keV.
The background starts to dominate beyond 5 keV due to the
softness and relatively low flux of the source. In this en-
ergy range, the X-ray spectra are well described by an ab-
sorbed BB model. We fix the hydrogen column density to
2.4×1022 cm−2, which is inferred from earlier high S/N
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Figure 8. Spectral evolution of the persistent emission of SGR 1935+2154 observed with NICER, after the initial observation obtained on
2020, April 28. From upper to lower, panels show the evolution in the 0.3 − 10 keV range of the unabsorbed flux (in units of erg −1 cm−2),
the BB temperature, and the emitting radius assuming a distance of 9 kpc. In all panels green dashed lines show the average of the values
inferred from historical NICER observations obtained in 2017 − 2019, before the source burst active period. The blue vertical dashed, dotted
and dash-dotted lines, respectively, mark the times of the FRB like event, two additional weak radio bursts (Kirsten et al. 2020), and another
weak radio burst reported by FAST (Zhang et al. 2020) from the source. The red solid curves in the upper two panels constitute the best fit
double exponential decay models to the flux and BB temperature, displaying an initial very rapid rise and then a much slower decline.

Chandra and XMM-Newton data (Younes et al. 2017b). Our
results are given in Table 1, and the spectral parameter evo-
lution is shown in Figure 8. In the latter, we also show the
average of the spectral parameters as obtained from earlier
NICER observations of SGR 1935+2154 during 2017-2019.

5. DISCUSSION

We have analyzed the NICER monitoring of
SGR 1935+2154 following its most intense burst-active
period. We report on the statistical characteristics of 217
bursts detected in the first observation taken on 2020 April
28, six hours after the start of the latest activity episode of
the source. We also report the timing analysis results of the
persistent emission of the source on that day, as well as its
spectral evolution up to 90 days after the outburst onset. In
the following we discuss our results in comparison to other
magnetar burst storms and active episodes.

5.1. SGR 1935+2154 burst storm comparison to other
magnetars

SGR 1935+2154 entered its sixth and most intense burst
active episode on 2020 April 27 emitting tens of bright bursts
detected in the span of minutes. NICER started observing
SGR 1935+2154 just six hours after the initial trigger and
caught the tail end of the burst storm during a span of 1120 s,
detecting bursts at a rate > 0.2 bursts s−1. Large burst rates
have previously been observed from several magnetars such
as SGR 1900+14 (Göğüş et al. 1999; Israel et al. 2008), SGR
1806−20 (Woods et al. 2007), SGR 1627−41 (Woods et al.
1999b; Esposito et al. 2008), 1E 2259+586 (Gavriil et al.
2004), and SGR J1550−5418 (Mereghetti et al. 2009; Israel
et al. 2010; Scholz & Kaspi 2011; van der Horst et al. 2012).
We discuss below a qualitative comparison across magnetars,
as a quantitative comparison is not feasible, given the differ-
ent characteristics (such as, e.g., energy ranges and sensitiv-
ity) of the instruments with which they were observed.

The average T90 duration of 840 ms for SGR 1935+2154
bursts is among the highest within the magnetar burst family
(e.g., Collazzi et al. 2015). Yet, most of the T90 values for
other magnetars have come from large field of view, high-
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background instruments operating above 5 keV (such as e.g.,
CGRO/BATSE and Fermi/GBM), that may have skewed du-
rations towards lower values (e.g., Israel et al. 2008; Younes
et al. 2014). For instance, some of the bursts we report here
were also detected with Fermi /GBM above 8 keV. It is quite
evident by comparing the NICER and GBM light curves of
these bursts that the latter misses the weak tails of the bursts,
and hence results in an under-estimate of their T90s (see, e.g.,
Figure 1 in Younes et al. 2020a). Hence, our larger than usual
T90 measurement is likely a reflection of the large sensitivity
and low background of NICER rather than an indication of
an intrinsic source property.

Regarding burst morphology, we find very few single-
peaked bursts, with the majority showing multi-peaked pro-
files. Roughly 65% of our bursts have shorter rise than fall
times, commensurate with the bulk of magnetar bursts, espe-
cially the ones observed during burst storms (e.g., van der
Horst et al. 2012). Notably, the average rise-to-fall time
ratio of 0.69 we find for SGR 1935+2154 is quite simi-
lar to the 0.59 value measured for another prolific burster,
1E 1547.0−5408 (Scholz & Kaspi 2011). We note that we
cannot exclude the possibility that some bursts in our sam-
ple are the superposition of two or more independent events,
which may impact the results of our distributions somewhat.

The waiting time distributions of magnetar bursts during
burst storms have been documented for several magnetars.
For instance, Göğüş et al. (1999) studied SGR 1900 + 14
bursts observed with RXTE during its 1998 burst storm, while
Gavriil et al. (2004) studied the ones from 1E 2259 + 586,
during its 2002 outburst. Both studies found that waiting
times follow a log-normal distribution with a mean value
of ∼ 50 s. We also find that the waiting times for the
SGR 1935+2154 bursts follow a log-normal distribution, but
with a mean of about 2.1+5.2

−1.4 s, albeit capturing the latter part
of its burst storm. This marked difference could reflect a pe-
culiar character of the SGR 1935+2154 storm, yet it could
also be partly due to how the waiting times are determined.
Gavriil et al. (2004) notes a positive correlation between the
waiting time and the time of the next burst (from a fiducial
start time) over their 10 ks exposure of 1E 2259 + 586. In
fact, the average waiting time within the first 1 ks of their
observation (comparable to the length of our burst storm ob-
servation) is about 10 s. The larger burst rate observed from
SGR 1935+2154 during this burst storm relative to that for
1E 2259 + 586 may yield shorter waiting times on average,
and this may be in part due to the intrinsic nature of the
SGR 1935+2154 storm, yet it may also reflect the excel-
lent sensitivity below 5 keV of the NICER detector. Inter-
estingly, a log-normal waiting time distribution has also been
derived for the repeating FRB 121102 (Wadiasingh & Timo-
khin 2019; Katz 2019).

Several previous works have shown that magnetar burst
fluences (and hence energies) follow a power-law distribu-
tion dN/dF ∝ F−α. This relation holds over several orders
of magnitude in fluence ranging from ∼ 10−10 erg cm−2 to
10−5 erg cm−2 (e.g., Göğüş et al. 2000; Gavriil et al. 2004;
Lin et al. 2013). For most magnetars the index of this re-

lation has been shown to cluster around -1.6 (e.g., Cheng
et al. 1996; Göğüş et al. 1999; Göğüş et al. 2000; Aptekar
et al. 2001; Gavriil et al. 2004; Scholz & Kaspi 2011; van
der Horst et al. 2012; Lin et al. 2013). This is similar to
the energy distribution shape of terrestrial earthquakes (e.g.,
Gutenberg & Richter 1956) and solar flares (e.g., Crosby
et al. 1993), both of which result in an index of ∼ −1.6.
The SGR 1935+2154 burst fluence distribution is also well
modeled with a PL function with an index α = −1.5 ± 0.1,
clearly commensurate with the values inferred for other mag-
netars. This suggests a universal property of the burst ener-
getics for the whole magnetar class, perhaps underpinned by
the phenomenon of self-organized criticality (Göğüş et al.
1999).

Magnetar burst spectra are best described either with a cut-
off PL or a 2BB model, both of which result in a turnover in
the 20 − 50 keV energy range (e.g., Lin et al. 2012; Enoto
et al. 2012). SGR 1935+2154 spectra in the 8-200 keV range
from the previous activations are well fit with both models,
with spectral parameters broadly consistent with the rest of
the magnetar family, albeit softer on average than some (Lin
et al. 2020). During the 2020 burst storm, Younes et al.
(2020a) presented the NICER+GBM spectral analysis of 24
bursts, also showing that they are commensurate with the
previous activations. These authors, as well as others (e.g.,
Ridnaia et al. 2020), found a positive correlation between
the high energy cutoff and the burst flux. This implies that,
for most of the bursts we analyze here, the cutoff energy is
around the few keV range, well within the NICER 1-10 keV
energy band. This may explain why a simple PL cannot ex-
plain the spectra well, whereas a BB model, which mimics
in shape a cutoff PL when restrained to small energy ranges,
gives a good fit to the bulk of the bursts. However, the spec-
tral analysis presented here, is restricted to the NICER en-
ergy range, which is less sensitive above 5 keV, thus possibly
imposing a bias in the burst spectral analysis.

Finally, the lack of dependency of the burst peak arrival
times with phase is also consistent with the majority of mag-
netar sources (e.g., Scholz & Kaspi 2011); see also the lit-
erature survey in Elenbaas et al. (2018). This implies that
magnetar bursts occur approximately randomly in magnetic
colatitudes in the magnetosphere, perhaps close to the stel-
lar surface. Yet the bursts are not spatially proximate to the
surface locale of the persistent pulsed emission, though there
may be a physical association between the transient and qui-
escent signals mediated by field line flux tubes in either dipo-
lar or twisted field geometries.

5.2. Persistent emission

Following strong bursting activity, the increase in the per-
sistent X-ray flux level is ubiquitous in magnetars. This
increase is often accompanied by hardening of the X-ray
spectra, usually in the form of higher surface thermal tem-
perature and/or a decrease in the PL index (e.g., Coti Ze-
lati et al. 2018). These characteristics are evident in the
case of the SGR 1935+2154 previous activations (Israel
et al. 2016; Younes et al. 2017b), as well as the current one
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(Borghese et al. 2020). Younes et al. (2017b) noted that the
SGR 1935+2154 persistent emission flux increased in pro-
portion to the total energy emitted in the bursts, with the
largest increase (by a factor 7) detected following the 2016
bursting episode, the most intense up to that time. The ini-
tial flux increase of & 10 during the 2020 bursting activity is
consistent with the above picture.

The flux evolution during the previous episodes showed
an initial rapid exponential decay with a characteristic time-
scale of few days, possibly followed by a shallower return
to quiescence. Our NICER monitoring of the 2020 acti-
vation also reveals two decay trends, which can be well
characterized with a double exponential function, with very
different e-folding times. As can be seen from Figure 8,
SGR 1935+2154 shows an initial rapid decay with a best
fitting e-folding time of 0.65±0.08 days, followed by a long-
term flux decay and cooling whose e-folding time is 75±5
days. The decay in flux is accompanied by cooling (middle
panel in Figure 8). In fact a similar double exponential decay
model can be used to fit the decay in the inferred BB tem-
perature. The best fit parameters of such a model are two
e-folding times of 0.99±0.3 and 285±45 days, respectively.
On the other hand the apparent emitting radius only exhibits
a marginal increase with time with a slope of 0.46±0.15 km
per hundred days.

Such an initially rapid flux decrease followed by a more
shallow decline has previously been observed from a few
magnetars (e.g., Kargaltsev et al. 2012; An et al. 2012), and
is indicative of cooling hot spots. These spots can develop at
the onset of the outburst either through surface bombardment
by relativistic particles that are energized in the magneto-
sphere by toroidal twists to the global field structure (Thomp-
son et al. 2002; Beloborodov 2013; González-Caniulef et al.
2019), or via an internal seismic process such as crustal
shearing induced by stresses imposed by the enormous fields
(Thompson & Duncan 1996; Pons et al. 2009). This cool-
ing picture is clearly demonstrated in the middle panel of
Figure 8, and is accompanied by a stability of the inferred
radius of the emitting area (Figure 8, bottom). It is notable
that after about 50 days, the spectral fitting yields systemati-
cally lower temperatures than the historical ones obtained in
the 2017–2019 period that are indicated via the green dashed
lines in Figure 8. Yet, due to the lower flux of the source
and the known degeneracy between the emitting area and the
temperature of the BB model, the uncertainties in these de-
terminations are relatively high.

The source broad double-peaked pulse shape in the soft X-
ray band (Figure 5, Borghese et al. 2020) differs markedly
from the single-peaked, quasi-sinusoidal pulse profile fol-
lowing its 2014 outburst (Israel et al. 2016), implying that
distinct regions are heated on the surface of the star during
each outburst. We also detect clear evolution in the pulse
profile during this outburst; the prominent peak led the sec-
ondary one immediately after outburst onset (see also Borgh-
ese et al. 2020), but flipped 20 days later. Such pulse shape
evolution during outburst epochs is rather common to mag-
netars (e.g., Woods et al. 1999a; Göǧüş et al. 2002; Esposito

et al. 2010; Ng et al. 2011; Rodrı́guez Castillo et al. 2014;
Younes et al. 2015; Rodrı́guez Castillo et al. 2016), pos-
sibly pointing to a complex magnetic field topology. For
SGR 1935+2154, the separation by ∼ 0.3 in phase of the
two peaks provides evidence in favor of this assertion.

Finally, the spin-down rate that we measure between days
21 and 39 post-outburst is a factor 2.7 larger than the rate
measured in 2014 (ν̇ = −1.36 × 10−12 Hz s−1, Israel et al.
2016), indicating a larger torque on the magnetar. This is yet
another distinct characteristic of magnetar in outbursts (e.g.,
Woods et al. 2007), which is believed to emanate from in-
creased particle wind in the magnetosphere due to the strong
bursting activity (Harding et al. 1999; Tong et al. 2013).

5.3. The FRB Connection

The pulse period detection of SGR 1935+2154 during the
first NICER observation, which brackets the time of the FRB
(see Figure 1), enabled us to place it, and by extension the
peak of the X-ray associated burst, on the pulse profile; this is
a crucial piece of information that had not been achieved be-
fore. Figure 6 demonstrates that the FRB time aligns with the
principal peak of the pulse profile. It is common in the mag-
netar literature to attribute the peak to an observer viewing a
hot region on the neutron star surface (e.g., Perna & Gotthelf
2008; Albano et al. 2010; Younes et al. 2020b). If the heating
originates internally, the hot spot would naturally be associ-
ated with the magnetic poles since heat conduction upwards
from the crust is efficient when the field is oriented vertically.
As an alternative possibility, twists in magnetic field loops
can lead to the development of surface hot spots via parti-
cle bombardment, discussed in Section 5.2. Such twists can
also favor quasi-polar hot spots or annuli since stresses in the
crust which drive twists are generally larger in polar regions
(e.g., Perna & Pons 2011). In either scenario, the pulse peak
for SGR 1935+2154 can then be realized if the magnetar is
instantaneously viewed almost down the polar axis, thereby
concluding that the FRB is somehow intimately connected to
the polar field lines. Yet, we remark that non-polar surface
hot spot locales can also be entertained.

This special observational perspective is in fact the picture
that was drawn by Younes et al. (2020a) via a comparison of
the broadband spectroscopic signal of NICER+Fermi/GBM
bursts and the FRB-associated burst as observed with HXMT
(Li et al. 2020). This scenario of an ephemeral (due to stellar
rotation) polar viewing of the FRB and its contemporaneous,
spectroscopically-unique X-ray burst could help explain the
rarity of both, and restricts the range of possible viewing and
rotational geometries for SGR 1935+2154.

A physical connection between the surface pole and a radio
emission zone has a precedent in canonical, young/middle-
aged radio pulsars, which also exhibit phase-aligned per-
sistent radio and surface thermal X-ray signals. In those
systems, global magnetospheric solutions (e.g., Contopoulos
et al. 1999; Bai & Spitkovsky 2010; Kalapotharakos et al.
2014) require pair cascades that both generate return currents
that bombard and heat polar cap zones (Harding & Mus-
limov 2001; Timokhin & Arons 2013), and seed coherent
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radio emission (Philippov et al. 2020). Yet magnetar magne-
tospheres differ profoundly from those of pulsars, with their
currents generally being associated with twisted field geome-
tries in closed field zones (Thompson et al. 2002; Chen &
Beloborodov 2017). Moreover, much of the magnetar ac-
tivity associated with such twists is ephemeral. The ability
here to determine the X-ray pulse phase associated with the
FRB provides an important advance towards understanding
the FRB-magnetar connection, with potential implications
for the extragalactic FRB paradigm.

We find that the two, order-of-magnitudes, fainter radio
bursts detected by Kirsten et al. (2020), which were sepa-
rated by 1.4 s, are offset from the X-ray pulse-peaks. As
pointed by those authors, it is not yet clear what the origin of
such radio bursts is, whether they are driven by similar phys-
ical and emission mechanisms that resulted in the FRB or
rather differing ones. Interestingly, three more radio bursts
with comparable fluence have recently been detected from
SGR 1935+2154 during a single rotational period with peak
separation of 0.95 s between the first and the second and
1.95 s between the second and the third bursts (Pleunis &
CHIME/FRB Collaboration 2020). This indicates that these
radio bursts are likely occurring sporadically at largely dis-
tinct phases. This is unlike the more-persistent radio magne-
tar emission that mostly clusters in a small rotational phase-
space (e.g., XTE J1810−197; Maan et al. 2019, and now
perhaps SGR 1935+2154; Zhu et al. 2020). Assuming that

repeating FRBs are produced in the close environs of mag-
netars, the above result fits with the fact that no magnetar-
like periodic behavior have so far been detected from these
sources (e.g., Zhang et al. 2018).
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Lin, L., Göğüş, E., Baring, M. G., et al. 2012, ApJ, 756, 54 5.1
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Table 1. Spectral properties of the persistent emission.

OBSID MJD∗ Exposure Count Rate kT Flux∗∗ Radius

days s (cts/s) (keV) km

3020560101 58967.165 233.70 2.74 ±0.12 0.79+0.04
−0.04 2.2+0.1

−0.1 2.1+0.2
−0.2

3020560101 58967.229 231.10 2.16 ±0.11 0.73+0.04
−0.04 1.7+0.1

−0.1 2.2+0.2
−0.2

3020560101 58967.293 727.80 1.99 ±0.06 0.78+0.03
−0.02 1.54+0.05

−0.05 1.8+0.1
−0.1

3020560101 58967.681 805.90 1.33 ±0.05 0.65+0.02
−0.02 0.98+0.04

−0.04 2.1+0.2
−0.1

3020560102 58968.583 934.09 0.95 ±0.04 0.62+0.03
−0.02 0.68+0.03

−0.03 1.9+0.2
−0.1

3020560103 58969.551 712.07 0.68 ±0.04 0.51+0.03
−0.02 0.51+0.03

−0.03 2.4+0.3
−0.3

3020560104 58980.615 944.04 0.55 ±0.03 0.47+0.02
−0.02 0.44+0.02

−0.02 2.7+0.3
−0.3

3020560105 58988.922 915.07 0.46 ±0.03 0.49+0.03
−0.03 0.37+0.02

−0.02 2.2+0.3
−0.3

3020560106 58989.589 624.02 0.54 ±0.03 0.49+0.03
−0.03 0.40+0.03

−0.03 2.4+0.3
−0.3

3020560107 58991.075 5176.37 0.46 ±0.01 0.49+0.01
−0.01 0.34+0.01

−0.01 2.2+0.1
−0.1

3020560108 58992.032 3208.26 0.57 ±0.02 0.47+0.02
−0.02 0.40+0.01

−0.01 2.5+0.2
−0.2

3020560109 58994.601 790.06 0.49 ±0.03 0.52+0.03
−0.03 0.38+0.02

−0.02 2.0+0.3
−0.3

3020560110 58997.896 1678.12 0.31 ±0.02 0.40+0.02
−0.02 0.28+0.02

−0.02 2.9+0.4
−0.3

3020560111 58998.150 963.07 0.34 ±0.03 0.47+0.03
−0.03 0.28+0.02

−0.02 2.1+0.3
−0.3

3020560112 58999.249 1279.09 0.41 ±0.03 0.50+0.03
−0.03 0.31+0.02

−0.02 2.0+0.3
−0.3

3020560114 59001.130 2745.16 0.46 ±0.02 0.52+0.02
−0.02 0.34+0.01

−0.01 1.9+0.2
−0.2

3020560115 59002.992 972.06 0.33 ±0.03 0.54+0.04
−0.04 0.26+0.02

−0.02 1.5+0.3
−0.2

3020560116 59003.184 665.04 0.33 ±0.03 0.47+0.04
−0.04 0.27+0.03

−0.03 2.1+0.4
−0.4

3020560117 59004.545 1368.08 0.26 ±0.02 0.48+0.03
−0.03 0.21+0.02

−0.02 1.8+0.3
−0.2

3020560118 59005.189 1201.07 0.24 ±0.02 0.44+0.03
−0.03 0.20+0.02

−0.02 2.1+0.3
−0.3

3020560119 59006.222 990.06 0.19 ±0.02 0.44+0.04
−0.04 0.17+0.02

−0.02 1.9+0.4
−0.3

3020560120 59020.891 883.04 0.37 ±0.03 0.44+0.03
−0.03 0.31+0.02

−0.02 2.5+0.4
−0.4

3020560121 59021.014 846.04 0.27 ±0.03 0.37+0.03
−0.03 0.28+0.03

−0.03 3.5+0.8
−0.6

3020560122 59022.445 1675.05 0.36 ±0.02 0.41+0.02
−0.02 0.30+0.02

−0.02 2.8+0.3
−0.3

3020560123 59023.101 3182.09 0.21 ±0.01 0.42+0.02
−0.02 0.20+0.01

−0.01 2.3+0.2
−0.2

3020560124 59024.961 1840.05 0.27 ±0.02 0.44+0.02
−0.02 0.22+0.01

−0.01 2.1+0.3
−0.3

3020560125 59025.931 1655.04 0.26 ±0.02 0.43+0.02
−0.02 0.23+0.02

−0.02 2.3+0.3
−0.3

3020560126 59027.614 847.01 0.29 ±0.03 0.42+0.04
−0.04 0.24+0.03

−0.03 2.6+0.7
−0.5

3020560127 59028.705 1703.04 0.15 ±0.02 0.42+0.03
−0.03 0.15+0.02

−0.02 2.0+0.3
−0.3

3020560128 59029.802 1692.03 0.20 ±0.02 0.42+0.03
−0.03 0.18+0.02

−0.02 2.2+0.4
−0.3

3020560129 59030.699 2150.65 0.21 ±0.02 0.43+0.02
−0.02 0.19+0.01

−0.01 2.1+0.3
−0.3

3020560130 59031.529 615.03 0.33 ±0.04 0.45+0.04
−0.04 0.27+0.03

−0.03 2.3+0.6
−0.5

3020560131 59032.500 1190.05 0.16 ±0.02 0.39+0.03
−0.03 0.19+0.02

−0.02 2.6+0.5
−0.4

3020560132 59033.598 1058.04 0.27 ±0.02 0.38+0.03
−0.02 0.26+0.03

−0.02 3.2+0.6
−0.5

3020560133 59034.824 819.03 0.22 ±0.02 0.40+0.04
−0.04 0.21+0.03

−0.03 2.6+0.7
−0.5

3020560134 59038.773 496.00 0.13 ±0.04 0.36+0.08
−0.06 0.15+0.05

−0.04 3+1
−1

3020560135 59040.246 361.01 0.19 ±0.03 0.34+0.05
−0.05 0.28+0.10

−0.06 4+3
−2

3020560136 59041.431 1267.99 0.24 ±0.02 0.41+0.03
−0.03 0.22+0.02

−0.02 2.4+0.4
−0.4

3020560137 59042.848 657.00 0.14 ±0.03 0.42+0.05
−0.05 0.14+0.03

−0.02 1.9+0.6
−0.5

3020560138 59045.692 3128.00 0.12 ±0.02 0.42+0.02
−0.02 0.14+0.01

−0.01 1.9+0.2
−0.2

3020560139 59046.269 1423.99 0.21 ±0.02 0.39+0.03
−0.03 0.21+0.02

−0.02 2.8+0.5
−0.4

3020560141 59049.029 776.01 0.39 ±0.03 0.39+0.02
−0.02 0.36+0.03

−0.03 3.6+0.6
−0.5

3020560142 59056.062 222.00 0.42 ±0.07 0.5+0.1
−0.1 0.34+0.07

−0.06 2.0+2
−0.8

∗ Times are given as the middle of each observation.
∗∗ 0.3−10 keV flux values are unabsorbed and in units of ×10−11 erg s−1 cm−2.
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Table 2. Burst properties

Burst # Tst,100 Tet,100 Tpeak T90 kT R2 log10 F

UTC UTC UTC s keV km2 erg cm−2 s−1

1 00:41:21.230 00:41:21.479 00:41:21.260 0.194 3+5
−1 6+10

−6 −8.5+0.2
−0.2

2 00:41:23.627 00:41:23.759 00:41:23.653 0.088 . . . . . . . . .

3 00:41:31.809 00:41:33.964 00:41:32.220 0.41 3.9+0.2
−0.2 600+50

−40 −6.26+0.01
−0.01

4 00:41:49.245 00:41:49.748 00:41:49.321 0.216 1.9+0.6
−0.4 30+21

−13 −8.4+0.1
−0.1

5 00:41:53.301 00:41:53.369 00:41:53.367 0.067 . . . . . . . . .

6 00:41:56.315 00:41:58.098 00:41:56.329 1.453 1.7+0.2
−0.2 15+5

−4 −8.81+0.05
−0.05

7 00:42:00.202 00:42:00.482 00:42:00.253 0.225 2+2
−1 8+14

−6 −8.8+0.2
−0.2

8 00:42:01.469 00:42:02.506 00:42:01.643 0.538 2.2+0.1
−0.1 120+17

−16 −7.61+0.02
−0.02

9 00:42:14.191 00:42:14.793 00:42:14.484 0.462 1.4+0.2
−0.2 60+25

−18 −8.54+0.06
−0.06

10 00:42:26.726 00:42:27.232 00:42:26.739 0.47 1.2+0.3
−0.2 32+23

−14 −9.0+0.1
−0.1

11 00:42:43.612 00:42:43.976 00:42:43.711 0.188 2.1+0.6
−0.4 35+22

−15 −8.19+0.09
−0.09

12 00:42:48.123 00:42:48.455 00:42:48.218 0.249 1.0+0.2
−0.2 94+93

−48 −9.0+0.1
−0.1

13 00:42:51.848 00:42:53.764 00:42:52.058 0.985 1.96+0.08
−0.08 140+15

−14 −7.68+0.02
−0.02

14 00:42:54.408 00:42:54.866 00:42:54.467 0.274 2.7+0.2
−0.2 165+25

−23 −7.2+0.02
−0.02

15 00:43:01.767 00:43:03.795 00:43:01.939 1.521 2.3+0.7
−0.4 5+3

−2 −8.93+0.09
−0.09

16 00:43:09.236 00:43:11.608 00:43:10.976 1.923 1.7+0.2
−0.1 20+5

−4 −8.72+0.04
−0.04

17 00:43:16.781 00:43:17.206 00:43:16.911 0.331 . . . . . . . . .

18 00:43:22.462 00:43:24.047 00:43:22.492 1.401 1.7+0.1
−0.1 37+8

−7 −8.44+0.04
−0.03

19 00:43:24.684 00:43:26.995 00:43:25.364 0.773 3.03+0.07
−0.07 470+23

−22 −6.62+0.01
−0.01

20 00:43:33.269 00:43:34.182 00:43:33.334 0.809 1.2+0.2
−0.2 31+21

−13 −9.13+0.09
−0.08

21 00:43:35.328 00:43:38.004 00:43:37.945 2.015 1.8+0.2
−0.1 19+5

−4 −8.69+0.04
−0.04

22 00:43:40.402 00:43:40.590 00:43:40.490 0.113 1.4+0.6
−0.3 52+68

−33 −8.7+0.2
−0.2

23 00:43:42.160 00:43:42.448 00:43:42.183 0.146 . . . . . . . . .

24 00:43:44.976 00:43:45.851 00:43:45.240 0.809 1.7+0.3
−0.2 20+9

−7 −8.68+0.07
−0.07

25 00:44:00.064 00:44:01.836 00:44:00.180 1.366 1.7+0.2
−0.2 18+6

−5 −8.78+0.06
−0.06

26 00:44:05.033 00:44:05.392 00:44:05.104 0.319 1.7+0.5
−0.3 20+16

−10 −8.7+0.1
−0.1

27 00:44:08.027 00:44:10.291 00:44:08.368 1.207 3.40+0.07
−0.07 470+17

−17 −6.5+0.01
−0.01

28 00:44:19.561 00:44:21.128 00:44:19.570 1.433 1.8+0.2
−0.2 18+6

−5 −8.71+0.05
−0.05

29 00:44:25.351 00:44:27.499 00:44:26.236 0.955 1.6+0.2
−0.2 34+10

−8 −8.56+0.05
−0.05

30 00:44:31.343 00:44:32.824 00:44:32.458 1.174 1.7+0.2
−0.2 27+8

−7 −8.63+0.05
−0.05

31 00:44:39.437 00:44:40.107 00:44:40.056 0.417 1.47+0.52
−0.3 25+21

−13 −8.8+0.1
−0.1

32 00:44:45.119 00:44:45.796 00:44:45.286 0.398 1.4+0.2
−0.1 77+29

−22 −8.47+0.06
−0.06

33 00:44:48.153 00:44:49.369 00:44:48.974 1.041 1.7+0.2
−0.1 40+10

−8 −8.42+0.04
−0.04

34 00:44:49.830 00:44:50.063 00:44:49.855 0.123 1.8+0.3
−0.2 120+54

−39 −7.85+0.07
−0.07

35 00:44:51.116 00:44:52.185 00:44:51.209 0.954 1.6+0.3
−0.2 14+9

−6 −9.0+0.1
−0.1

36 00:44:55.529 00:44:56.708 00:44:56.358 0.998 1.9+0.4
−0.3 10+5

−4 −8.88+0.08
−0.08

37 00:44:59.515 00:45:00.664 00:44:59.898 0.3 2.1+0.2
−0.1 140+27

−24 −7.6+0.03
−0.03

38 00:45:05.650 00:45:06.117 00:45:05.783 0.35 1.7+0.3
−0.2 44+21

−15 −8.4+0.08
−0.07

39 00:45:09.942 00:45:11.478 00:45:11.175 0.854 2.0+0.1
−0.1 55+10

−9 −8.07+0.03
−0.03

40 00:45:11.925 00:45:12.400 00:45:12.122 0.365 1.7+0.3
−0.2 42+20

−14 −8.42+0.07
−0.07

41 00:45:20.704 00:45:20.911 00:45:20.845 0.145 . . . . . . . . .

42 00:45:21.060 00:45:22.732 00:45:21.543 1.259 1.5+0.1
−0.1 43+11

−9 −8.61+0.04
−0.04
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43 00:45:23.520 00:45:24.854 00:45:24.151 1.131 1.6+0.2
−0.1 38+10

−8 −8.51+0.04
−0.04

44 00:45:28.567 00:45:29.696 00:45:28.849 0.915 1.5+0.2
−0.2 32+12

−9 −8.67+0.06
−0.06

45 00:45:30.111 00:45:31.608 00:45:31.186 1.241 2.7+0.1
−0.1 79+8

−7 −7.53+0.02
−0.02

46 00:45:33.014 00:45:34.145 00:45:33.729 0.921 2.0+0.9
−0.5 8+7

−4 −8.9+0.1
−0.1

47 00:45:38.496 00:45:39.493 00:45:39.254 0.655 2.4+0.2
−0.2 59+11

−9 −7.81+0.03
−0.03

48 00:45:41.129 00:45:42.806 00:45:42.233 1.484 1.1+0.1
−0.1 37+15

−11 −9.09+0.06
−0.06

49 00:45:43.812 00:45:44.098 00:45:43.978 0.259 1.7+0.3
−0.2 62+26

−19 −8.24+0.07
−0.06

50 00:45:44.961 00:45:47.429 00:45:46.842 2.015 1.8+0.1
−0.1 48+7

−6 −8.3+0.03
−0.03

51 00:45:48.375 00:45:49.323 00:45:48.460 0.777 1.5+0.3
−0.2 23+12

−8 −8.9+0.08
−0.08

52 00:45:49.616 00:45:50.493 00:45:49.738 0.513 1.5+0.1
−0.1 87+25

−20 −8.31+0.05
−0.05

53 00:45:51.468 00:45:51.829 00:45:51.765 0.289 1.1+0.2
−0.1 124+89

−53 −8.69+0.07
−0.07

54 00:45:55.816 00:45:57.065 00:45:56.514 0.962 2.2+0.4
−0.3 13+5

−4 −8.57+0.06
−0.06

55 00:45:57.325 00:45:57.553 00:45:57.347 0.088 2.9+0.8
−0.5 70+34

−25 −7.49+0.07
−0.07

56 00:45:58.054 00:45:59.256 00:45:58.064 0.544 1.4+0.2
−0.2 59+26

−19 −8.6+0.07
−0.06

57 00:45:59.998 00:46:01.784 00:46:00.687 1.158 2.71+0.06
−0.06 400+18

−17 −6.81+0.01
−0.01

58 00:46:03.706 00:46:07.398 00:46:06.445 2.511 2.05+0.07
−0.06 84+7

−6 −7.84+0.01
−0.01

59 00:46:07.737 00:46:08.438 00:46:08.257 0.602 1.3+0.3
−0.2 37+24

−15 −8.83+0.09
−0.08

60 00:46:11.078 00:46:12.430 00:46:12.379 1.277 1.1+0.1
−0.1 42+18

−13 −9.1+0.06
−0.06

61 00:46:14.090 00:46:15.122 00:46:14.233 0.84 1.4+0.1
−0.1 53+17

−13 −8.62+0.05
−0.05

62 00:46:15.566 00:46:19.285 00:46:18.015 2.852 1.97+0.05
−0.05 120+8

−7 −7.74+0.01
−0.01

63 00:46:19.974 00:46:25.147 00:46:20.243 4.519 2.77+0.04
−0.04 270+7

−7 −6.95+0.01
−0.01

64 00:46:26.731 00:46:28.005 00:46:27.415 1.129 1.3+0.2
−0.1 68+31

−21 −8.6+0.04
−0.04

65 00:46:28.483 00:46:31.186 00:46:29.769 1.263 2.1+0.1
−0.1 80+10

−9 −7.86+0.02
−0.02

66 00:46:33.057 00:46:38.340 00:46:33.658 3.7 1.97+0.05
−0.05 86+6

−6 −7.88+0.01
−0.01

67 00:46:38.741 00:46:41.797 00:46:40.541 1.906 1.59+0.09
−0.08 55+9

−8 −8.38+0.03
−0.03

68 00:46:42.755 00:46:44.073 00:46:43.237 0.61 2.98+0.09
−0.08 430+25

−24 −6.67+0.01
−0.01

69 00:46:45.733 00:46:48.221 00:46:46.829 1.45 1.23+0.09
−0.08 70+16

−14 −8.69+0.04
−0.04

70 00:46:48.223 00:46:49.132 00:46:48.887 0.697 2.0+0.4
−0.3 19+9

−6 −8.54+0.07
−0.07

71 00:46:50.226 00:46:51.328 00:46:50.557 0.923 1.6+0.1
−0.1 54+12

−10 −8.35+0.04
−0.04

72 00:46:54.959 00:46:57.714 00:46:56.705 2.204 1.76+0.07
−0.06 82+8

−8 −8.06+0.02
−0.02

73 00:46:58.863 00:47:00.752 00:46:59.743 0.904 1.66+0.07
−0.06 180+20

−18 −7.81+0.02
−0.02

74 00:47:01.372 00:47:02.979 00:47:02.017 1.086 1.9+0.2
−0.1 38+8

−7 −8.32+0.04
−0.04

75 00:47:03.530 00:47:06.365 00:47:04.505 1.721 2.0+0.1
−0.1 66+8

−7 −7.98+0.02
−0.02

76 00:47:08.250 00:47:11.064 00:47:09.756 2.044 1.3+0.1
−0.1 45+11

−9 −8.76+0.04
−0.04

77 00:47:11.560 00:47:16.812 00:47:14.611 4.472 1.76+0.06
−0.06 50+5

−4 −8.28+0.02
−0.02

78 00:47:18.051 00:47:19.906 00:47:18.948 0.91 2.01+0.07
−0.07 194+17

−16 −7.5+0.02
−0.02

79 00:47:24.515 00:47:25.576 00:47:25.105 0.711 2.4+0.1
−0.1 210+18

−17 −7.27+0.02
−0.01

80 00:47:26.949 00:47:27.578 00:47:27.151 0.409 1.4+0.3
−0.2 48+25

−17 −8.6+0.08
−0.07

81 00:47:30.365 00:47:31.241 00:47:30.390 0.789 1.1+0.2
−0.1 56+30

−20 −8.98+0.07
−0.07

82 00:47:31.729 00:47:32.925 00:47:32.145 0.579 2.0+0.1
−0.1 130+19

−17 −7.72+0.03
−0.03

83 00:47:34.858 00:47:36.364 00:47:35.689 0.809 2.17+0.07
−0.06 300+22

−20 −7.21+0.01
−0.01

84 00:47:38.281 00:47:39.484 00:47:39.312 0.861 1.3+0.1
−0.1 71+21

−17 −8.58+0.05
−0.05

85 00:47:41.916 00:47:42.307 00:47:41.968 0.324 1.5+0.3
−0.2 80+37

−27 −8.35+0.08
−0.07

86 00:47:43.310 00:47:43.516 00:47:43.459 0.157 . . . . . . . . .

87 00:47:44.125 00:47:46.512 00:47:44.331 1.941 1.7+0.1
−0.1 35+7

−6 −8.49+0.03
−0.03

88 00:47:46.827 00:47:47.843 00:47:47.056 0.826 1.8+0.4
−0.3 15+8

−6 −8.81+0.08
−0.08

89 00:47:51.486 00:47:52.608 00:47:52.328 0.719 2.02+0.08
−0.08 200+20

−19 −7.48+0.02
−0.02
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90 00:47:56.487 00:47:56.836 00:47:56.536 0.136 1.9+1.0
−0.5 25+28

−15 −8.5+0.2
−0.1

91 00:47:57.478 00:47:58.779 00:47:57.573 0.748 2.45+0.08
−0.07 300+21

−19 −7.06+0.01
−0.01

92 00:47:59.713 00:48:02.092 00:48:00.243 1.446 1.9+0.06
−0.06 170+14

−13 −7.63+0.01
−0.01

93 00:48:07.963 00:48:08.779 00:48:08.251 0.453 2.1+0.2
−0.2 85+18

−15 −7.82+0.04
−0.03

94 00:48:20.336 00:48:24.484 00:48:23.754 3.508 1.5+0.1
−0.1 26+5

−4 −8.76+0.03
−0.03

95 00:48:26.817 00:48:28.266 00:48:27.020 1.129 1.79+0.07
−0.07 140+15

−14 −7.81+0.02
−0.02

96 00:48:32.660 00:48:34.477 00:48:33.367 0.938 1.98+0.08
−0.08 150+15

−14 −7.63+0.02
−0.02

97 00:48:43.468 00:48:46.029 00:48:44.858 0.644 2.55+0.07
−0.07 430+26.0

−25 −6.85+0.01
−0.01

98 00:48:48.288 00:48:52.294 00:48:49.317 2.339 2.68+0.06
−0.05 210+9

−9 −7.1+0.01
−0.01

99 00:48:52.729 00:48:57.134 00:48:56.199 3.788 1.89+0.05
−0.05 88+6

−6 −7.93+0.01
−0.01

100 00:48:57.369 00:49:28.181 00:48:57.373 30.811 2.15+0.02
−0.02 180+5

−5 −7.43+0.01
−0.01

101 00:49:32.031 00:49:33.119 00:49:32.702 0.821 1.27+0.09
−0.08 130+28

−24 −8.35+0.04
−0.03

102 00:49:33.351 00:49:34.533 00:49:34.115 0.853 2.1+0.2
−0.2 42+9

−7 −8.1+0.03
−0.03

103 00:49:35.236 00:49:36.404 00:49:35.948 0.799 1.99+0.07
−0.07 220+20

−19 −7.47+0.02
−0.02

104 00:49:36.805 00:49:38.391 00:49:36.957 1.281 1.4+0.1
−0.1 35+11

−9 −8.77+0.05
−0.05

105 00:49:38.688 00:49:41.148 00:49:40.293 2.106 1.6+0.1
−0.1 39+7

−6 −8.49+0.03
−0.03

106 00:49:41.984 00:49:43.944 00:49:42.741 1.408 1.58+0.09
−0.08 72+12

−10 −8.28+0.03
−0.03

107 00:49:45.692 00:49:49.384 00:49:46.772 1.321 2.72+0.07
−0.07 220+13

−12 −7.06+0.01
−0.01

108 00:49:49.575 00:49:50.140 00:49:50.079 0.484 1.5+0.2
−0.2 50+21

−15 −8.57+0.07
−0.06

109 00:49:50.658 00:49:53.730 00:49:52.271 2.119 1.92+0.09
−0.08 59+7

−6 −8.08+0.02
−0.02

110 00:49:54.529 00:49:56.177 00:49:55.078 1.197 1.41+0.08
−0.08 89+16

−14 −8.36+0.03
−0.03

111 00:49:56.997 00:50:02.615 00:50:01.371 3.538 2.49+0.05
−0.05 140+6

−6 −7.36+0.01
−0.01

112 00:50:03.039 00:50:04.943 00:50:03.786 0.803 2.1+0.1
−0.1 87+13

−11 −7.83+0.03
−0.03

113 00:50:05.322 00:50:05.908 00:50:05.664 0.44 1.28+0.09
−0.08 210+47

−39 −8.14+0.04
−0.03

114 00:50:09.077 00:50:09.690 00:50:09.487 0.424 1.8+0.3
−0.2 35+15

−11 −8.37+0.07
−0.07

115 00:50:11.166 00:50:11.870 00:50:11.182 0.624 1.2+0.2
−0.1 65+30

−21 −8.77+0.07
−0.06

116 00:50:13.445 00:50:15.528 00:50:14.097 1.952 1.5+0.1
−0.1 43+8

−7 −8.54+0.03
−0.03

117 00:50:16.502 00:50:17.943 00:50:17.529 1.172 1.56+0.09
−0.08 85+14

−12 −8.23+0.03
−0.03

118 00:50:19.672 00:50:22.559 00:50:22.013 2.242 2.04+0.06
−0.06 120+9

−8 −7.71+0.01
−0.01

119 00:50:30.649 00:50:30.973 00:50:30.726 0.237 1.2+0.5
−0.3 61+71

−36 −8.8+0.2
−0.1

120 00:50:34.424 00:50:35.720 00:50:34.936 0.674 1.9+0.1
−0.1 150+19

−18 −7.71+0.02
−0.02

121 00:50:39.025 00:50:41.308 00:50:39.645 1.926 1.9+0.1
−0.1 54+7

−6 −8.14+0.02
−0.02

122 00:50:41.808 00:50:43.410 00:50:41.854 0.589 2.2+0.1
−0.1 180+19

−18 −7.41+0.02
−0.02

123 00:50:44.090 00:50:45.374 00:50:45.171 1.159 1.4+0.2
−0.1 35+13

−10 −8.83+0.06
−0.05

124 00:50:49.604 00:50:49.837 00:50:49.691 0.191 1.1+0.2
−0.1 180+100

−67 −8.54+0.07
−0.07

125 00:50:50.202 00:50:51.121 00:50:50.751 0.748 1.4+0.2
−0.1 42+16

−12 −8.73+0.06
−0.06

126 00:50:53.950 00:50:55.966 00:50:54.793 1.273 1.6+0.2
−0.1 6+9

−7 −8.55+0.04
−0.04

127 00:50:58.262 00:50:58.915 00:50:58.869 0.605 1.3+0.4
−0.2 25+23

−13 −9.11+0.1
−0.1

128 00:50:59.373 00:51:00.209 00:51:00.078 0.669 1.0+0.3
−0.2 46+51

−26 −9.3+0.1
−0.1

129 00:51:00.731 00:51:01.874 00:51:01.562 0.975 1.4+0.3
−0.2 22+13

−9 −8.96+0.09
−0.08

130 00:51:03.472 00:51:05.917 00:51:04.668 0.747 1.99+0.06
−0.06 300+24

−22 −7.32+0.01
−0.01

131 00:51:07.203 00:51:07.937 00:51:07.723 0.674 1.1+0.2
−0.1 47+31

−19 −9.11+0.08
−0.08

132 00:51:10.880 00:51:11.067 00:51:10.887 0.143 0.9+0.2
−0.1 270+214

−123 −8.64+0.08
−0.08

133 00:51:12.408 00:51:13.300 00:51:12.758 0.421 0.8+0.2
−0.1 130+110

−1 −9.06+0.08
−0.08

134 00:51:14.367 00:51:15.220 00:51:15.032 0.786 1.5+0.2
−0.2 25+11

−8 −8.81+0.07
−0.07

135 00:51:15.791 00:51:16.934 00:51:16.746 0.942 1.6+0.3
−0.2 17+8

−6 −8.86+0.07
−0.07

136 00:51:19.196 00:51:20.702 00:51:19.399 1.083 1.65+0.06
−0.06 170+18

−17 −7.83+0.02
−0.02
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137 00:51:22.604 00:51:24.764 00:51:23.832 1.493 2.0+0.2
−0.2 19+5

−4 −8.51+0.04
−0.04

138 00:51:25.767 00:51:27.434 00:51:26.980 1.29 1.37+0.08
−0.07 98+16

−14 −8.37+0.03
−0.03

139 00:51:30.529 00:51:33.113 00:51:32.226 1.532 1.49+0.09
−0.08 73+12

−11 −8.37+0.03
−0.03

140 00:51:35.325 00:51:36.754 00:51:35.932 0.525 2.43+0.09
−0.08 340+26

−25 −7.02+0.01
−0.01

141 00:51:54.916 00:51:56.684 00:51:55.467 0.757 2.41+0.07
−0.07 330+22

−21 −7.04+0.01
−0.01

142 00:52:05.906 00:52:08.335 00:52:06.245 0.636 2.3+0.1
−0.1 130+16

−14 −7.47+0.02
−0.02

143 00:52:09.678 00:52:10.788 00:52:10.355 0.875 1.2+0.2
−0.1 41+18

−13 −8.93+0.06
−0.06

144 00:52:16.571 00:52:17.667 00:52:16.596 1.032 1.0+0.2
−0.2 30+25

−14 −9.4+0.1
−0.1

145 00:52:18.925 00:52:20.712 00:52:19.884 1.352 1.67+0.09
−0.08 70+11

−9 −8.21+0.03
−0.03

146 00:52:25.260 00:52:25.969 00:52:25.320 0.655 1.1+0.2
−0.1 57+34

−22 −9.02+0.08
−0.08

147 00:52:28.128 00:52:28.881 00:52:28.554 0.565 1.5+0.5
−0.3 23+21

−12 −8.9+0.1
−0.1

148 00:52:34.103 00:52:35.064 00:52:34.931 0.792 1.8+0.3
−0.2 25+10

−7 −8.58+0.06
−0.06

149 00:52:36.287 00:52:37.256 00:52:36.998 0.885 2.2+0.5
−0.3 9+5

−3 −8.7+0.07
−0.07

150 00:52:37.706 00:52:38.508 00:52:37.807 0.555 1.3+0.1
−0.1 95+32

−25 −8.5+0.06
−0.05

151 00:52:39.462 00:52:40.935 00:52:40.158 0.811 1.0+0.1
−0.1 90+32

−24 −8.85+0.05
−0.05

152 00:52:44.491 00:52:45.536 00:52:44.761 0.899 1.4+0.2
−0.2 32+13

−9 −8.81+0.06
−0.06

153 00:52:48.433 00:52:49.067 00:52:48.753 0.513 1.6+0.3
−0.2 36+16

−12 −8.53+0.07
−0.07

154 00:52:49.637 00:52:50.103 00:52:49.700 0.412 2.2+0.8
−0.4 14+10

−7 −8.5+0.1
−0.1

155 00:52:53.507 00:52:54.099 00:52:53.591 0.549 1.3+0.3
−0.2 24+19

−11 −9.1+0.1
−0.1

156 00:52:54.982 00:52:56.013 00:52:55.223 0.629 3.0+0.4
−0.3 28+7

−6 −7.87+0.04
−0.04

157 00:53:09.712 00:53:10.469 00:53:09.842 0.505 1.4+0.1
−0.1 110+28

−23 −8.28+0.04
−0.04

158 00:53:24.194 00:53:26.949 00:53:25.144 1.667 1.52+0.04
−0.04 220+18

−17 −7.85+0.01
−0.01

159 00:53:28.982 00:53:29.949 00:53:29.106 0.896 1.5+0.3
−0.2 17+9

−6 −8.93+0.08
−0.08

160 00:53:30.310 00:53:30.390 00:53:30.342 0.064 . . . . . . . . .

161 00:53:37.836 00:53:40.169 00:53:38.865 1.438 2.03+0.06
−0.06 180+13

−13 −7.51+0.01
−0.01

162 00:53:41.691 00:53:42.150 00:53:41.866 0.23 2.0+0.6
−0.4 28+18

−12 −8.4+0.1
−0.1

163 00:53:45.002 00:53:45.823 00:53:45.267 0.582 1.4+0.2
−0.2 45+19

−14 −8.63+0.07
−0.06

164 00:53:48.619 00:53:49.493 00:53:48.630 0.655 1.0+0.2
−0.1 52+35

−22 −9.11+0.08
−0.08

165 00:53:51.979 00:53:54.304 00:53:52.330 0.518 2.1+0.1
−0.1 210+23

−21 −7.42+0.02
−0.02

166 00:53:58.858 00:53:59.338 00:53:59.009 0.258 1.0+0.2
−0.1 130+76

−49 −8.71+0.08
−0.08

167 00:54:03.982 00:54:04.455 00:54:04.045 0.309 1.5+0.4
−0.3 37+27

−17 −8.7+0.1
−0.1

168 00:54:06.986 00:54:08.459 00:54:07.803 1.124 1.3+0.3
−0.2 14+11

−7 −9.3+0.1
−0.1

169 00:54:10.816 00:54:11.717 00:54:10.899 0.524 2.1+0.3
−0.2 43+12

−10 −8.10+0.05
−0.04

170 00:54:12.364 00:54:14.865 00:54:13.657 2.053 1.4+0.1
−0.1 22+7

−5 −9.00+0.05
−0.05

171 00:54:27.094 00:54:28.184 00:54:27.206 0.291 2.4+0.3
−0.2 76+18

−15 −7.70+0.04
−0.04

172 00:54:28.759 00:54:29.723 00:54:29.083 0.596 1.4+0.1
−0.1 75+22

−18 −8.46+0.05
−0.05

173 00:54:31.305 00:54:31.503 00:54:31.380 0.132 . . . . . . . . .

174 00:54:45.094 00:54:45.445 00:54:45.166 0.239 1.4+0.5
−0.3 52+52

−28 −8.6+0.1
−0.1

175 00:54:45.893 00:54:47.504 00:54:46.135 1.076 1.9+0.2
−0.1 34+8

−7 −8.36+0.04
−0.04

176 00:54:48.694 00:54:50.134 00:54:49.606 1.212 1.9+0.3
−0.2 13+5

−4 −8.72+0.06
−0.06

177 00:54:52.418 00:54:54.214 00:54:53.356 1.549 2.4+2
−0.7 3+3

−2 −9.1+0.2
−0.1

178 00:54:56.294 00:55:00.410 00:54:57.506 1.75 2.9+0.1
−0.1 160+9

−8 −7.15+0.01
−0.01

179 00:55:04.966 00:55:05.956 00:55:05.902 0.947 2.6+2
−0.7 3+3

−2 −9.0+0.1
−0.1

180 00:55:07.227 00:55:08.359 00:55:07.428 0.995 1.5+0.2
−0.2 30+12

−9 −8.71+0.07
−0.06

181 00:55:15.923 00:55:16.818 00:55:16.313 0.696 1.1+0.2
−0.2 43+30

−18 −9.11+0.09
−0.08

182 00:55:21.964 00:55:23.251 00:55:22.728 0.703 1.7+0.2
−0.1 65+15

−13 −8.21+0.04
−0.04

183 00:55:32.652 00:55:33.519 00:55:33.087 0.656 1.5+0.3
−0.2 20+11

−8 −8.89+0.09
−0.08
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184 00:55:36.705 00:55:37.475 00:55:37.363 0.546 . . . . . . . . .

185 00:55:39.902 00:55:40.236 00:55:39.985 0.222 1.9+0.3
−0.2 64+26

−19 −8.04+0.06
−0.06

186 00:55:42.231 00:55:43.249 00:55:42.913 0.91 1.4+0.2
−0.2 31+13

−9 −8.8+0.06
−0.06

187 00:55:54.569 00:55:58.916 00:55:56.351 2.408 1.9+0.1
−0.1 51+6

−5 −8.16+0.02
−0.02

188 00:56:03.231 00:56:05.963 00:56:04.480 2.209 1.0+0.1
−0.1 33+15

−10 −9.36+0.06
−0.06

189 00:56:14.911 00:56:17.318 00:56:16.715 1.829 2.4+0.4
−0.3 8+3

−2 −8.67+0.05
−0.05

190 00:56:18.852 00:56:22.785 00:56:20.144 2.813 1.7+0.1
−0.1 30+5

−4 −8.59+0.03
−0.03

191 00:56:24.810 00:56:25.919 00:56:24.827 0.808 1.4+0.1
−0.1 95+21

−17 −8.37+0.04
−0.04

192 00:56:27.624 00:56:27.778 00:56:27.635 0.139 . . . . . . . . .

193 00:56:36.565 00:56:37.742 00:56:36.597 1.082 1.6+0.5
−0.3 10+7

−5 −9.1+0.1
−0.1

194 00:56:42.355 00:56:44.586 00:56:42.937 1.133 2.3+1
−0.6 4+3

−2 −9.1+0.1
−0.1

195 00:56:45.939 00:56:46.110 00:56:46.009 0.085 1.2+0.5
−0.3 130+150

−74 −8.5+0.2
−0.1

196 00:56:48.694 00:56:51.315 00:56:49.842 0.712 2.27+0.07
−0.06 380+25

−24 −7.05+0.01
−0.01

197 00:57:00.538 00:57:01.365 00:57:00.921 0.604 2.0+0.6
−0.4 14+8

−6 −8.7+0.1
−0.1

198 00:57:05.060 00:57:05.354 00:57:05.089 0.084 . . . . . . . . .

199 00:57:20.313 00:57:20.770 00:57:20.368 0.293 2.2+0.4
−0.3 33+14

−11 −8.17+0.07
−0.06

200 00:57:22.727 00:57:23.894 00:57:23.647 0.823 1.8+0.3
−0.2 15+7

−5 −8.74+0.07
−0.07

201 00:57:28.352 00:57:29.815 00:57:28.429 1.228 1.3+0.6
−0.3 8.6+11

−5 −9.6+0.2
−0.2

202 00:57:35.366 00:57:36.718 00:57:35.854 1.059 1.4+0.1
−0.1 53+13

−11 −8.56+0.04
−0.04

203 00:57:45.709 00:57:46.407 00:57:46.063 0.54 1.6+0.4
−0.3 24+15

−10 −8.7+0.1
−0.1

204 00:57:48.155 00:57:48.759 00:57:48.299 0.091 2.9+0.6
−0.4 100+36

−29 −7.32+0.05
−0.05

205 00:57:53.779 00:57:54.492 00:57:54.070 0.578 1.5+0.3
−0.3 29+15

−10 −8.81+0.08
−0.08

206 00:57:56.452 00:57:58.414 00:57:57.069 0.878 1.7+0.1
−0.1 91+15

−13 −8.06+0.03
−0.03

207 00:58:02.249 00:58:03.098 00:58:03.009 0.499 . . . . . . . . .

208 00:58:05.090 00:58:05.783 00:58:05.625 0.508 1.4+0.6
−0.3 11.15+14

−7 −9.3+0.2
−0.1

209 00:58:12.219 00:58:12.485 00:58:12.225 0.228 1.9+1
−0.5 12.42+17

−8 −8.8+0.2
−0.2

210 00:58:18.286 00:58:18.534 00:58:18.326 0.211 1.9+0.5
−0.3 38+22

−15 −8.27+0.09
−0.08

211 00:58:30.109 00:58:31.671 00:58:31.214 1.429 0.9+0.2
−0.1 36+28

−16 −9.51+0.08
−0.08

212 00:58:42.989 00:58:46.172 00:58:45.280 2.232 1.3+0.04
−0.04 200+19

−18 −8.20+0.02
−0.02

213 00:58:47.121 00:58:47.949 00:58:47.429 0.591 1.4+0.8
−0.4 9+13

−6 −9.3+0.2
−0.2

214 00:58:50.421 00:58:51.319 00:58:50.622 0.748 1.0+0.2
−0.2 37+30

−17 −9.3+0.1
−0.1

215 00:58:52.656 00:58:52.921 00:58:52.678 0.133 1.6+0.2
−0.2 220+69

−54 −7.78+0.05
−0.05

216 00:58:53.605 00:58:54.700 00:58:53.978 0.547 1.3+0.2
−0.2 55+25

−18 −8.66+0.07
−0.07

217 00:58:56.906 00:58:58.271 00:58:57.484 0.825 1.9+0.1
−0.1 160+18

−16 −7.68+0.02
−0.02

218 03:55:37.447 03:55:39.450 03:55:37.683 1.532 0.75+0.09
−0.08 83+44

−29 −9.45+0.06
−0.06

219 03:56:21.396 03:56:21.828 03:56:21.540 0.383 1.2+0.3
−0.2 32+30

−17 −9.1+0.1
−0.1

220 05:26:40.266 05:26:41.375 05:26:40.345 1.029 2.3+2
−0.6 2+3

−1 −9.4+0.2
−0.2

221 05:27:55.174 05:27:55.914 05:27:55.325 0.527 . . . . . . . . .

222 06:51:54.178 06:51:54.370 06:51:54.208 0.165 0.5+0.1
−0.1 970+1300

−560 −9.0+0.1
−0.1

223 07:00:16.717 07:00:16.941 07:00:16.773 0.168 1.7+0.3
−0.2 53+26

−19 −8.4+0.1
−0.1

Notes. Times of bursts are from 2020-04-28. Fluxes are in the 0.5-10 keV range.
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