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ABSTRACT

Since its launch in 2002, the International Gamma-Ray Astrophysics Laboratory (INTEGRAL) satellite has detected many gamma-ray
bursts (GRBs), which are summarised in the INTEGRAL Burst Alert System (IBAS) catalogue. This catalogue combines triggers from
the data of the Imager on Board the INTEGRAL (IBIS) and of the anti-coincident shield (ACS) of the SPectrometer on INTEGRAL
(SPI). Since the Germanium detectors of SPI also serve as a valuable GRB detector on their own, we present an up-to-date time-
resolved catalogue covering all GRBs detected by SPI through the end of 2021 in this work. Thanks to SPI’s high energy coverage
(20 keV-8 MeV) and excellent energy resolution, it can improve the modelling of the curvature of the spectrum around the peak and,
consequently, it could provide clues on the still unknown emission mechanism of GRBs. We split the SPI light curves of the individual
GRBs in time bins of approximately constant signals to determine the temporal evolution of spectral parameters. We tested both the
empirical spectral models as well as a physical synchrotron spectral model against the data. For most GRBs, the SPI data cannot
constrain the high-energy power law shape above the peak energy, but the parameter distributions for the cut-off power law fits are
similar to those of the time-resolved catalogue of gamma-ray burst monitor (GBM) GRBs. We find that a physical synchrotron model
can fit the SPI data of GRBs well. While checking against detections of other GRB instruments, we identified one new SPI GRB in the

SPI field of view that had not been reported before.
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1. Introduction

The International Gamma-Ray Astrophysics Laboratory (INTE-
GRAL) (Winkler et al. 2003) hosts a suite of instruments
dedicated to the study of the high-energy Universe. One of
those instruments is the SPectrometer on INTEGRAL (SPI).
As an MeV imaging telescope, it covers an energy range from
20keV to 8 MeV and one of its scientific objectives is the
detection, localisation, and study of gamma-ray bursts (GRBs;
Vedrenne et al. 2003). There have been many studies of GRBs
with SPI since the launch of INTEGRAL (Malaguti et al. 2003;
Mereghetti et al. 2003; von Kienlin et al. 2003a,b; Beckmann
et al. 2004; Moran et al. 2005; Filliatre et al. 2005, 2006;
McBreen et al. 2006; Grebenev & Chelovekov 2007; McGlynn
et al. 2008, 2009; Foley et al. 2008; Martin-Carrillo et al.
2014), but there has not yet been any complete catalogue of
SPI-detected GRBs made available. The latest catalogue with
SPI data was the publication of BoSnjak et al. (2014), where a
series of combined fits were performed based on data from SPI
and the imager on board INTEGRAL (IBIS) for all GRBs in the
field of view (FoV) of IBIS and detected with the INTEGRAL
Burst Alert System (IBAS) up to February 2012. Therefore,
an up-to-date catalogue is important for evaluating the GRB
detection properties of SPI, as well as for testing the models
against the unique SPI data. Specifically, the question of the
true emission mechanism of GRBs is still unanswered (for a
review, see Kumar & Zhang 2015). Noteworthy progress in
recent years was made with the finding, based on the data of the
gamma-ray burst monitor (GBM) on board the Fermi satellite,
that synchrotron emission can fit most GRB spectra adequately

(Oganesyan et al. 2019; Ronchi et al. 2020; Burgess et al. 2020).
Therefore, with a catalogue of SPI GRBs in hand, we can check
if this is also the case for GRBs detected with SPI. In particular,
we can make use of the unprecedented energy resolution of SPI
which could be important for modelling the curvature around the
peak of the GRB spectrum. Here, we provide both: (1) a cata-
logue with empirical model fits aimed at evaluating its detection
properties compared to the GBM catalogue; and (2) a catalogue
with physical synchrotron model fits to check if they can fit the
SPI data well and to compare their properties to those reported
in Burgess et al. (2020). In addition, we checked for significant
GRB signals in SPI for all GRBs detected since the launch of
INTEGRAL that were not reported before for SPI. We identified
one previously unknown GRB in the SPI partially coded field
of view (pcFoV) and 39 GRBs outside of the coded field of
view (cFoV).

We chose not to include IBIS in the combined analysis,
unlike Bosnjak et al. (2014), for two reasons. Firstly, we are
mostly interested in constraining the curvature of the spectrum
around the vF, peak, as this allows us to constrain the cooling
regime of the potential synchrotron emission. The IBIS spectra
do not add much information to the fit of the vF, peak curvature.
Secondly, we found substantial discrepancy between the IBIS
and the SPI fit results when re-analysing the data, as used and
provided by Bosnjak et al. (2014) (see Appendix B).

This paper is organised as follows: in Sect. 2, we describe
the data selection and time binning. In Sect. 3, we summarise
the data reduction, show the different spectral models used in
this work, and explain how we estimated the goodness of a fit.
In Sect. 4, we show the results of the catalogue fits and the
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localisation of the newly identified GRB. Finally, in Sect. 5, we
summarise our findings. All quoted errors in this work are at the
95% level.

2. Data selection

Our initial data selection consisted of all 140 GRBs listed in
the IBAS catalog with IBIS positions (Mereghetti et al. 2003)
between the launch of INTEGRAL and the end of 2021. During
the detection times of 13 listed GRBs, SPI was not operational;
and for one GRB (GRB 140206A), the background in the point-
ing covering the GRB time was not stable. Due to its high orbit
and stable pointings the background should be constant within a
pointing. If this was not the case, it was most likely due to a tech-
nical problem or a flaring source in the FoV. In either case, our
background treatment was not valid. The remaining 126 GRBs
light curves were analysed with the Bayesian blocks method
(Scargle et al. 2013) with pO = 0.01, to determine the optimal
time bins with approximately constant signal. This is important,
as a strongly changing signal is indicative of a change in the
physical conditions during the time bin, which would result in
systematic uncertainties when the spectral are fitted with only
one spectral model, instead of a superposition of different spec-
tral models (Burgess et al. 2014). The small value of p0 = 0.01
in the Bayesian blocks method was chosen to balance between
this effect and the time bin length (avoid many very small time
bins). In order to constrain the models, we only used time bins
with a significance larger than 5 (10) over the background in
the brightest detector for the empirical (physical) model fits.
We also limited the time bins to be not longer than 40s. The
significance was calculated according to Li & Ma (1983) for a
Poisson distributed signal with Poisson distributed background
measurements. Out of the 126 GRBs, 48 (23) contained at
least one time bin above this threshold for the empirical (phys-
ical) model fits. All GRBs that passed the selection process are
long GRBs.

In addition, we checked for all GRBs detected by the
Fermi/Gamma-Ray Burst Monitor (GBM) and/or the burst alert
telescope (BAT) onboard of the Swift satellite (Barthelmy et al.
2005) whether they produced a significant signal in SPI while
not being listed in the IBAS catalogue table. For every GRB,
we took the position given in the GRB catalogue of the exper-
iment that detected the GRB and calculated the angle between
the optical axis of SPI and the GRB position at the trigger time
of the GRB. If the angle was less than 20° plus the position
uncertainty (only in case of Fermi/GBM bursts; for Swift the
position uncertainty is negligible compared to the 20° search
radius), we calculated the significance of the signal in all SPI
detectors combined during the T90 time interval. We checked
all GRBs that resulted in a significance of more than 5 in the
SPI data. We found two that were not listed in the IBAS cata-
logue. One is GRB 190411A, which is a long GRB with a T90
duration of about 20 s (von Kienlin et al. 2020) and with a clear
significant signal (> 1007) in SPIL. The other one is GRB 080413,
which is a long GRB in the Swift/BAT catalogue with a T90
duration of about 50 s (Lien et al. 2016), with a weak, but sig-
nificant signal (>5 sigma) in the SPI data. While this GRB is
not listed in the IBAS it was previously reported in Minaev et al.
(2014). GRB 190411A is discussed in more detail, along with
its localisation with SPI, in Sect. 4.3 and it was also added to
the spectral analysis in this work. This leaves us in total with 49
(24) GRBs, with 140 (92) time bins for the empirical (physical)
model fits.
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3. Methodology
3.1. Data reduction

For all GRBs, the data files were obtained from the INTE-
GRAL Science Data Centre (ISDC) File Transfer Protocol (FTP)
server. The data files were read in with PySPI (Biltzinger et al.
2022) to create plugins for 3ML (Vianello et al. 2015). We split
the data in two energy ranges: (1) low-energy range below the
pulse shape discriminator (PSD) lower energy limit and (2) high-
energy range between the PSD lower and upper energy limit.
This is needed to account for the electronic noise that affects SPI
data. An explanation of this effect and how to treat it is given
in Roques & Jourdain (2019). Following this work, we use all
single detector events in the lower energy range, but only the
events with also a PSD detection in the higher energy range. The
exact value of the PSD lower and upper energy limits for all rev-
olutions is given in Roques & Jourdain (2019). Therefore, the
total energy range used is 20keV to ~2500keV (depending on
the PSD energy range). To account for the lower effective area
in the case that only the events with PSD detection were used,
we applied a 85% correction factor (Roques & Jourdain 2019).
The background can be estimated from the time intervals in the
same pointing when the GRB is not active and assuming that the
background is stable on the time scale of one pointing, that is,
typically 1800 s (see Biltzinger et al. 2022).

We treated every Ge detector as an independent detector unit,
with an individual response for the given source position (for
more details see Biltzinger et al. 2022) and only used detectors
with a significance larger than 3.5 (5) o in the lower (non-PSD)
energy range for the empirical (physical) model fits. Further
constraints on the detector selection are shown in Appendix A.

3.2. Spectral models

We fit the empirical models and a physical synchrotron model
to our GRB sample. With the empirical models, we were able to
check whether the SPI sample looks similar to the GBM sam-
ple, for instance. With the physical synchrotron model, we tested
whether the SPI data can reject this model. Below, we detail the
models used in this work.

3.2.1. Empirical models

The two most prominent empirical models to fit GRB spectra are
the Band function and the cut-off power law (CPL). The Band
function (Band et al. 1993) was designed to fit most GRBs well
at the time of invention. It is a special smoothly connected dou-
ble power law with fixed curvature which depends on the two
spectral slopes. We used the parametrisation with the vFv peak
energy, I, the low-energy slope «, and high-energy slope :

a 2 E
(Efiv) eXp (_( Z)E) E<(e-Bgy
@-BE, 1P g\ E,
[Ep“(zmp)] (Epiv) expB-a) E>(e-Bgs
(D

The cut-off power law has an exponential cut-off at high energies
instead of a second power law. Again, we used the parametrisa-
tion with E}, and the power law slope a:

E \* -E(2
) exp (—( il Q)) 2)
piv E,

For both models, we fixed the pivot energy E;y to 100 keV.

F(E)=K

F(E):K(
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Table 1. Priors for all spectral models.

Parameter Prior
Band function
K LogUniform (1076, 10%)
a Uniform (-2, 3)
B Uniform (-5, -1)
Epeak Uniform (10, 8000)
Cut-off power law
K LogUniform (1076, 10%)
a Uniform (-3, 3)
Epeax Uniform (10, 8000)
Synchrotron model
K LogUniform (1, 107%)
B LogUniform (0.01, 10°)
P TruncatedGaussian (mu=5, 0=3, bound= (0, 10))
Yeool LogUniform (103, 10%)

3.2.2. Physical synchrotron model

We made use of the physical synchrotron model from Burgess
et al. (2020) that is implemented in Pynchrotron'. In this
model, the emitted spectrum arises due to synchrotron radiation
of a population of electrons in the magnetic field of the outflow.
It is assumed that the electrons are continuously injected with a
constant rate by some acceleration mechanism into a power law
with a slope, p, between a minimum and a maximum Lorentz
factor (ymin’ ymax):

¥P, Or Ymin < ¥ < Ymax
0, otherwise '

1) { 3)

These electrons cool via synchrotron emission, and the evolution
of the electron Lorentz factor distribution can be described by a
Fokker-Planck equation with no diffusive term:

0 0 .
5D = 57(7)%(% n+1(y). “)

The cooling is defined by (assuming an isotropic pitch angle
distribution):

dydte 1
dE dr

orcB?
Ty, 5)

7o) = (-P) = -

mecC 6mec

with the Thomson cross-section, or, the magnetic field strength,
B, and the mass of an electron, m. (Rybicki & Lightman 1986).
No other cooling or escape terms are included in this simple
spectral model (Burgess et al. 2020). The total emitted photon
spectrum is calculated by evolving the electron distribution in
time with Eq. (4) and summing the emitted synchrotron radiation
from every time step.

Following Burgess et al. (2020), we fixed the minimum
Lorentz factor allowed for the accelerated electrons (Ymin =
10°), due to the degeneracy between 7y, and the magnetic
field, B, (i.e. the combination determines the peak of the pho-
ton spectrum). This implies that the derived magnetic field
strength from the fits has no direct physical meaning, as the
bulk Lorentz factor is not known. In addition, we fixed the maxi-
mum Lorentz factor for the accelerated electrons (ymax = 10%),
as we cannot constrain this component of the model without

! https://github.com/grburgess/pynchrotron

very high-energy observations (e.g. from the Fermi/Large-Area-
Telescope). Burgess et al. (2020) used this model to successfully
fit most bright single-pulse Fermi/GBM GRBs. The priors for
the physical synchrotron model are given in Table 1.

3.3. Spectral fitting

All the fits were performed with 3ML (Vianello et al. 2015) and
pymultinest (Buchner et al. 2014), which is a Python wrapper
for MultiNest (Feroz et al. 2009, 2019; Feroz & Hobson 2008).
The number of live points for MultiNest was set to 1000. We
also fit for an effective area correction between 0.7 and 1.3 for
all detectors but one. This is needed to get good fits as with-
out the effective area correction most fits failed, which indicates
some calibration offsets between the individual SPI detectors.
An example of how the fits fail without an effective area cor-
rection is given in Fig. F.1, with the help of QQ-plots (see
Sect. 3.4).

3.4. Model checking

We used posterior predictive checks (PPC; e.g. Gelman 2003)
and cumulative—cumulative plots (QQ-plots; e.g. Wilk &
Gnanadesikan 1968; Burgess et al. 2020) to check whether the
fits are able to explain the data well. We note that PPCs are a
Bayesian methodology to determine whether the posterior dis-
tribution combined with the measurement process (folding with
the response and Poisson noise in our case) can predict simu-
lated data which are similar to the real observed data. This can
be expressed mathematically as:

P(ySim|y0bs) = fp(yslm|0)P(0|y0bS)d0 (6)

The best way to assess the fits with PPCs is graphically (Gabry
et al. 2017). We simulated 200 data sets with parameters sampled
from the posterior distribution and plotted the 1, 2, and 3 o credi-
ble regions of the data as a function of energy bin. If the observed
data deviates from the 3 sigma credible region for a significant
number of energy bins, the model is not able to explain the data
well. PPCs are a powerful tool to check for unmodeled features
in the data, but can fail to catch weak but long deviations of the
observed data from the simulated data sets. The latter can be
checked with QQ-plots, which use the same simulated data sets
as PPCs but plot the cumulative sum of the observed data versus
the cumulative sum of the simulated data sets. Again, the 1, 2,
and 3 sigma credible regions are determined from the simulated
data sets and the observed data should be distributed accordingly.

It is usually necessary to check every PPC- and QQ-Plot by
eye for significant deviations of the real data from the simulated
data sets. However, due to the large number of fits and detec-
tors in this work and to increase the reproducibility, we decided
to use a qualitative criterion defining whether the fit was good.
We assume every fit to be good if not more than 10% of the
energy bins of all detectors are outside the 95% credible interval
of the QQ-plots. One example for a good and a bad fit is shown
in Fig. E.1.

4. Results
4.1. Empirical functions

4.1.1. The whole sample

First, we fit all GRBs and their time resolved spectra, as defined
in Sect. 2, with a Band function and a cut-off power law. Out
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Fig. 1. Comparison of the total effective area of GBM and SPI over the
SPI energy range. The spread of the lines indicates the full distribution
of effective areas depending on the position of the source in the FoV. For
SPI, this is restricted to all possible positions in the cFOV and based on
the currently valid response version.

of the 140 time bins fitted, 2 (4) failed for the Band function
(cut-off power law) according to the rules defined in Sect. 3.4.
The table with all parameters is given in Table G.1. The deter-
mined parameters show that it is often not possible to determine
the peak energy and high energy spectral slope. This is due to
the low effective area of the SPI detector for photon energies
above a few hundred keV. Compared with Fermi/GBM, this is a
significant difference, since the two bismuth germanate (BGO)
detectors increase the effective area in the few hundred keV to
few MeV energy range substantially (see Fig. 1). We also note
that if the fit resulted in a power law slope < —2 for the cut-off
power law fits, the vF, spectrum no longer has a defined peak
and the inferred E, parameter does not give the position of a
real peak. In these cases, it is indeed possible that the real peak
is below the analysed energy range, so that we cannot resolve
it. Therefore, even though these cases often produce only lower
limits for the E}, parameter in our parameterisation, the real peak
energy can be below the lower energy boundary (~20keV).

As f is unconstrained for most time bins, we only compared
the cut-off power-law parameter distributions to the GBM cata-
logue. For this purpose, we applied the same filter logic as the
BEST selection in Yu et al. (2016), that is: the relative uncer-
tainty on the high energy slope of the Band function is less than
1 and for all other parameters, it is less than 0.4. The selec-
tion based on the CSTAT value, used in Yu et al. (2016), is not
needed here as we use the more sophisticated posterior predic-
tive checks to assure that the model is a good description of the
data. In Fig. 2, we plot & against Epe,y for the GBM time-resolved
spectral catalogue (Yu et al. 2016) and our filtered sample. This
figure shows that only for a few time bins the fits were able to
constrain the parameter well enough to pass the BEST selection
criterion. However, the parameter distributions we get with SPI
in this work are similar to the ones found in Yu et al. (2016)
for GBM data. An interesting point is that all time bins in this
sample with a peak energy above 700keV come from one GRB,
namely: GRB 120711A (see Fig. 2), which was extremely bright.
This shows that SPI is only able to constrain such high peak ener-
gies for such extremely bright GRBs, due to its lack of effective
area compared to GBM (like shown in Fig. 1). We also show in
Fig. 3 that the « distribution in the SPI sample is similar to the
one in the GBM sample.
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Fig. 2. Pair plot of best-fit @ and E,.x values for the cut-off power law fit
of the GRBs that are well constrained in our sample and those from the
time-resolved Fermi/GBM catalogue (with the BEST selection criterion
fulfilled). For visual purpose we only include error bars for one typical
time bin in the GBM and in the SPI analysis. The uncertainties on the
parameters for the SPI data points are given in Table G.1 and those for
the Fermi/GBM data points can be found in the time-resolved GBM
catalogue in Yu et al. (2016).
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Fig. 3. Distribution of best-fit o values for the cut-off power law fit
of the GRBs that are well constrained in our sample and those from the
time-resolved Fermi/GBM catalogue (with the BEST selection criterion
fulfilled).

4.1.2. The brightest INTEGRAL/SPI GRBs

For the eight brightest GRBs, we checked the temporal evolu-
tion of Eyea and « as a function of time (see Figs. C.1 and C.2).
General trends are hard to determine, due to the unconstrained
peak energy in many time bins and the overall very complex
light curve shape of these GRBs. However, the typical drop in
peak energy with time can be confirmed for some of the bright
single peaks in, for instance, GRB041219A, GRB061122 and
GRB181201A. For the temporal evolution of @, we can only con-
clude that it can vary drastically between different pulses in the
light curve (e.g. GRB080723B).

4.2. Synchrotron model
4.2.1. The whole sample

Next, we fit the bright GRB sample with Pynchrotron, as
described in Sect. 3.2.2 (for one example see Fig. 4). All fits
were determined as good fits according to our defined threshold.
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We also report the values for the electron power law slope p and

X =log (%) for these fits in Table H.1. Here, X determines the
synchrotron cooling regime with X < 0 being fast cooling and
X > 0 slow cooling. We can see that for most fits, the parame-
ters are not well constrained, which is mostly due to the missing
information at high energies. However, for some bright GRBs,
we were able to determine the synchrotron cooling regime, and
we can clearly see both: time bins with slow-cooling and time
bins with fast-cooling.

Identifying the cooling regime of an emission period is
important to understand the underlying physics. The emission
periods with slow-cooling electron spectra challenge relativistic
shock models, as these models depend on a maximum amount of
energy conversion into photons via synchrotron emission from
the accelerated electrons (Burgess et al. 2020) to overcome their
inefficiency of converting internal energy into accelerated elec-
trons (Sari et al. 1996). Our result is in agreement with the
findings of Burgess et al. (2020) based on Fermi/GBM data. This
is important as it confirms the detection of slow cooling emission
periods with another instrument.

4.2.2. The brightest INTEGRAL/SPI GRBs

For the eight brightest GRBs, we show X as a function of time
(see Fig. 5). Again, due to the large uncertainties we cannot
determine clear trends, but see individual time bins with clear
fast and slow cooling. The posteriors for X for all time bins of
the brightest SPI GRBs are given in Fig. D.1.

4.2.3. Combining INTEGRAL/SPI with Fermi/GBM data

Combining the data of INTEGRAL/SPI with Fermi/GBM is
ideal, as it would include the excellent energy resolution of SPI
and the higher effective area (especially at high energies) of
GBM (see Fig. 1). Unfortunately, only one very bright GRB
in SPI was also seen by GBM, namely, GRB 120711A. It was
a very bright burst with E,e.c > 1 MeV, at a Redshift z=1.405
(Tanvir et al. 2012), detected by IBAS, GBM, and Konus-Wind
(Gotz et al. 2012; Gruber & Pelassa 2012; Golenetskii et al.
2012). Fermi/LAT detected photons > 100 MeV (and up to 2
GeV) in the period between 800 and 7000 seconds after the GRB
(Tam et al. 2012). The afterglow was detected in the soft X-rays
by XMM-Newton, Chandra, and Swift (Giuliani & Mereghetti,
S. 2014; Beardmore & Evans 2012), and in the optical from
Watcher, Skynet, GROND, and REM (Lacluyze et al. 2012;
Elliott et al. 2012; Fugazza et al. 2012).

In Fig. 6, we show X as a function of time, when we combine
SPI and GBM for the spectral fits. For this we included a time
offset of —0.37 s between GBM and SPI due to light travel time
difference between the satellite positions. For some time bins
X can be constrained better, when GBM is included in the fit,
that is, the error bar of X is reduced. We also showed this for
GRB 120711A in Biltzinger et al. (2022) for the time-integrated
spectrum of the brightest peak. Details about the improvements
of the model parameters can be found in that paper.

4.3. New INTEGRAL/SPI GRB 190411A

Following the approach described in Sect. 2, we identified two
GRBs in the SPI data that are not listed in the IBAS. Both these
GRBs were located at the edge of the mask of SPI. One of these
two GRBs (GRB 080413) was previously reported in Minaev
et al. (2014), but the other (GRB 190411A) was not previously
reported for INTEGRAL/SPI.

N Detector 0
10° 5
Background
= 10t . —— Source
c v — Source-+Background
s} 4+ Observed

— 100 4

Count rates

cnts s

1071 4

Residuals
o]

T
10?
Reco. Energy [keV]

107 4

vE,
s

[keV cm~2

103

10?
Energy [keV]

Fig. 4. Observed data in the non-PSD energy range of detector 0, over-
plotted with the best fit realisation of the synchrotron model for the
brightest time bin in our sample (GRB181201A) (top row) and resulting
posterior distribution of the vF, spectrum of the GRB (bottom row).

GRB 190411A? is a long burst (see Fig. 7) detected also
by Fermi/GBM. The GRB localization is RA (2000) = 285296,
Dec(2000) = -36227), with an error radius of 4.8 degree (statis-
tical only) (von Kienlin et al. 2020). This uncertainty is too large
to use for SPI analysis because the response can change drasti-
cally in the uncertainty region due to the mask. Therefore, we
localised the GRB with the SPI data and PySPI, as in Biltzinger
et al. (2022). For this localisation fit, we used a Band function
as spectral model and the result is given in Fig. 8. The multi-
modality in the localisation could be due to the mask, or could
be an artefact from the interpolation of the original 0.5 degree
grid of the response. Therefore, we localised GRB 190411A to
RA(2000) = 285:7*%% and Dec(2000) = —3325*}] (including a
0.5 degree systematic uncertainty).

4.4. GRB signals outside of the coded FoV

To make sure we did not miss any GRB in the SPI data, we per-
formed a search for significant data excess in the SPI data during
all detected GRBs since the launch of INTEGRAL. We took the
trigger times from the list of all known GRBs® and calculated
the significance of the SPI light curve for the corresponding sci-
ence window in intervals of 5, 20, and 50 s, centred on the trigger
times. If any of the intervals gave a significance greater than five,
we checked the light curves manually to filter out observations
with non-stable background rates or other obvious problems.

2 https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/
triggers/2019/bn190411407/
3 http://www.ssl.berkeley.edu/ipn3/masterli.txt

A175, page 5 of 24


https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/triggers/2019/bn190411407/
https://heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/triggers/2019/bn190411407/
http://www.ssl.berkeley.edu/ipn3/masterli.txt

A&A 675, A175 (2023)

GRB041219A
w [ 4000 _
2 g wn
v v m
R v 3000 2
x S,
O ========== F ----- 2000 ©
1"'vr ©
, s : 1000 *
0 100 200 300 400
Time [s]
GRB080723B
27 MR L3000 2
& 'S M A » E
0 4=+t — - A HP="==-12000 o
la ©
'y o
ok . . : -+ 1000
0 25 50 75 100
Time [s]
GRB161010A
- 2500
21 M 0
v L2000 4
C
x S,
O =—====7-4Frt~—""""- 1500 @
—_—al &
_2 . . . 1000
0 10 20
Time [s]
GRB181201A
2 i
—_— - 6000 2
C
P I ___ 4000 =
(O]
! P\ 5
. }2000&
25 — . ;
0 50 100 150
Time [s]

GRB061122
5 - 6000
2
~ by - 4000 5
0 ————————— e e —— )
F2000 8
_2 T
0 10
Time [s]
GRB120711A
- 2500
27 v }2000%
Al— 2
P I I % Ar|___ll.__t1500=
[0}
- o a® L1000
_2 . . . .
60 80 100 120
Time [s]
GRB161023A
5] F1750
L1500 £
o =)
0 ===~ - | 1250 ©
R \— ©
L1000 ©
-2 T T
20 40
Time [s]
GRB200424A
L2000 _
21 0
(%))
c
x PN 1500 .2
0+ m=t+1=m—H Hlba——- @
©
o
NS , , , __+1000
0 10 20 30 40
Time [s]

Fig. 5. Time evolution of X for the eight brightest GRBs in our sample. Values below (above) the red dashed lines indicates fast (slow) cooling.

The light curve are plotted in light grey.

For the 39 GRBs (see Table 1.1) that are not listed in the IBAS
catalogue, a clear signal is visible in the SPI data, with some
being quite strong (see e.g. Fig. 9). One especially interesting
aspect is that the famous GRB 190114C, detected by MAGIC in
the TeV energy range (MAGIC Collaboration 2019), is also vis-
ible in the SPI data (see Fig. 10). For all these GRBs there are
either previous localisations from other instruments placing the
GRB outside of the SPI’'s cFOV or our localisation fits fail. We
conclude that none of these GRBs is in the cFOV of SPI. Thus,
no spectral analysis is possible at the moment. A simulation of
the response for positions outside of the cFoV would allow us to
analyse these interesting sources in the future. Also, it is impor-
tant to keep the times of these transient sources in mind when
analysing non-transient sources with SPI, as their contribution
contaminates the observed data.
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5. Discussion and conclusion

In this work, we present the first time-resolved INTEGRAL/SPI
GRB catalogue. After binning the light curves with the Bayesian
block algorithm, we fit all the time intervals fulfilling our data
selection criterion with two empirical spectral models: a Band
function and cut-off power law. We also fit the very significant
time bins (>100) with a physical synchrotron model. We show
that the parameter distributions for the cut-off power law fits in
our SPI sample are similar to the ones from the time-resolved
GBM catalogue in Yu et al. (2016). However, we also note that
due to the smaller effective area, which also decreases quickly
for photon energies above a few hundred keV, we were not able
to constrain the high energy power law slope, unless the GRB
was extremely bright or the break energy very low.
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Fig. 6. Time evolution of X for GRB120711A for SPI only and
SPI+GBM fits. Values below (above) the red dashed lines indicates fast
(slow) cooling.
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Fig. 7. Light curve of GRB190411 with the data of all SPI detectors
summed. The filled area marks the time selection used for the localisa-
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Fig. 8. Localisation of GRB190411A with SPI data. Dark blue (light
blue) indicate the 1 (2) sigma confidence regions. This shows the excel-
lent localisation capabilities with PySPT.
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Fig. 9. Light curve of the out-of-cFoV GRB041212 with the data of
all SPI detectors summed as an example of the amount of high-energy
photons which are not vetoed by the ACS. The filled area marks the
active time of the GRB.
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Fig. 10. Light curve of GRB 190114C with the data of all SPI detectors
summed. The filled area marks the active time of the GRB. Due to the
detection of this GRB by MAGIC in the TeV energy range (MAGIC
Collaboration 2019), this would be a very interesting source to analyse
with the SPI data, if an out-of-cFoV response will be constructed in the
future.

We find that the physical synchrotron model is able to fit
the data of all time bins well, but often the parameters are not
very well constrained. Nevertheless, we identified time bins that
are clearly evident either in the slow-cooling or the fast-cooling
regime. This is in line with the findings of Burgess et al. (2020),
based on the Fermi/GBM data of single-pulsed GRBs. The exis-
tence of alternating emission periods in the slow cooling regime
could be an indicator of the reheating of electrons, for instance,
due to second-order Fermi acceleration (Beniamini et al. 2018;
Xu et al. 2018) or magnetic re-connection (Comisso & Sironi
2019). A natural next step in the modelling of synchrotron emis-
sion will be to drop the assumption of isotropic pitch angle
distributions and to instead use the energy dependent pitch angle
distributions found in recent particle in cell (PIC) simulations
(Comisso & Sironi 2021).

Finally, we identified one GRB (GRB 190411A) in the SPI
data, which was not reported previously with SPI detections. We
were able to localise it and our localisation agrees with the one
determined by Fermi/GBM.
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Appendix A: Detector Selection

For the spectral analysis, we decided to use at most the five detectors with the most significant signal, to assure that the used detectors
see the GRB nicely and are not mostly occluded by the tungsten mask elements. This approach was chosen because for some bright
GRBs, we were not able to fit the data of the strongly occluded detectors well, while the fits were able to fit the data of the weakly
occluded detectors nicely (see Fig. A.1)

This led us to suspect that the response for photons flying through the tungsten mask elements could be significantly worse that
for the photons not passing a tungsten mask element. This could be caused by the simplifications made in the original response
simulations in Sturner et al. (2003), where the mask effects were simulated with a ray tracing approach to reduce the computational
costs of the response simulation significantly or by a slight misalignment of the mask in the simulations with respect to reality. As
the detectors with low significance do not contribute much to the spectral analysis, we decided to not include them to avoid this
possible source of systematic uncertainties. Additionally, we manually removed detector 12 from the fit for GRB071003, as well as
detectors 13 and 3 from the fit for GRB110903, as the fit was not able to explain the data for these detectors.
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Fig. A.1: Observed spectra and best fit model realisations for one time bin of GRB041219 and four different detectors, when fitting
a Band function to the data. While the data of the detector with relatively large signal (10 and 18; top row) can be nicely reproduced
by the fit, the ones with relatively small signal (4 and 11; bottom row) show systematic over or under fitting in the residuals.
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Appendix B: Comparison to the results of Bosnjak et al. (2014)

Bosnjak et al. (2014) performed combined SPI and IBIS spectral fits of time-integrated spectra of all GRBs listed in IBAS up to
February 2012. Their results differ sometimes significantly from ours (shown in Table G.1). While some degree of the discrepancy
can be assigned to our time-resolved analysis compared to the time integrated analysis in BoSnjak et al. (2014), we examine this
discrepancy here in more detail. The data and responses for the analysis in Bo3njak et al. (2014) are publicly available*. With this
information, we were able to reconstruct the same data selection criteria (active time, background time, and detectors) with PySPT
making a fair comparison between the two analysis possible.

For this, we first fitted the provided SPI and ISGRI data (individually and combined) with the provided response files in 3ML and
the models specified in Bosnjak et al. (2014) for the given GRB (power law, cut-off power law, or Band function). Next, we repeated
the SPI fits with PySPI for the same model and data selection criteria. The comparison of the resulting low energy slopes (therefore,
in case of a Band function the @ parameter) is shown in Fig. B.1 for all GRBs listed in Bosnjak et al. (2014), for which the data was
available via the ISDC FTP server. It shows that the PySPI results agree with the results for the SPI-only fits of the data provided
by Bosnjak et al. (2014), but not with the combined ISGRI+SPI fits. Generally, the results of SPI and ISGRI do not agree with each
other for most GRBs, explaining the difference we get with respect to the Bosnjak et al. (2014) results. No tests were done in BoSnjak
et al. (2014) to check whether the two instruments give results that are in agreement.

This discrepancy could be due to an inaccurate response of the ISGRI detector, as the response of ISGRI had to be changed
constantly to match the results of other instruments (e.g. Savchenko et al. 2014). Additionally, only one very limited cross-calibration
analysis for GRB sources was carried out, with only four GRBs and no comparison of the spectral parameters (Tierney et al. 2010).
We showed previously in Biltzinger et al. (2022), that the SPI results for the bright GRB 120711A offer a good match with the GBM
results.

In this test, we were able to replicate the results given in Bosnjak et al. (2014) for most GRBs, when we took their data files and
carried out the combined ISGRI+SPI fit, except for a few GRBs. For instance, the low energy power law of the famous GRB 041219
is & -2 in our case, but is = -1.5 in BosSnjak et al. (2014). We checked the fits for this case and noticed that the fit to the ISGRI data is
very inaccurate. After a further investigation of the ISGRI data file provided for GRB 041219, we realised that the data time given in
the data files is for the time of GRB 061122 and not GRB 041219. Thereafter, we checked this for all GRBs and found four GRBs in
total (GRBs 040422, 041219, 050525, and 060901) where the same error occurred. We marked theses GRBs with wrong data in red
color in Fig. B.1. Other GRBs with significantly different results compared to BoSnjak et al. (2014) have a very small fluence (e.g.
GRB040422, GRB040827 or GRB090702). These differences can be explained with the different fitting algorithms used: Modified
Levenberg-Marquardt algorithm in Bo$njak et al. (2014) and MultiNest in this work. This can lead to different results, especially
for weak signals.

4 http://ibas.iasf-milano.inaf.it/
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Fig. B.1: Comparison of the low energy power law slope in Bosnjak et al. (2014) and our results for the same data selection criterion.

The GRBs in these plots are sorted from hard to soft spectra. The GRBs for which the wrong ISGRI data files were provided are

marked in red.
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Appendix C: Time evolution of cut-off powerlaw parameters
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Fig. C.1: Time evolution of the peak energy for the cut-off powerlaw fits of the eight brightest SPI GRBs. The light curves are plotted
in light grey.
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Fig. C.2: Time evolution of the power law slope for the cut-off powerlaw fits of the eight brightest SPI GRBs. The light curves are
plotted in light grey.
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Appendix D: Cooling regime posteriors
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Fig. D.1: Posterior distributions for the cooling regime parameter X for all time bins of the eight brightest SPI GRBs. The grey area
marks the fast cooling regime.
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Appendix E: QQ-Plot examples
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Fig. E.1: Example of a good fit (left column) and a bad fit (right column). These plots are for the band function fits of two time slices
of GRB190411A. The red intervals mark strong deviations (>95 %) of the true data from the simulated data.
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Appendix F: Effective area correction
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Fig. F.1: QQ-plots for band function fit of one time slice of GRB181201. The left (right) column shows the fit with (without) an
effective area correction per SPI detector.

A175, page 16 of 24



Biltzinger, B., et al.: A&A proofs, manuscript no. aa45191-22

Appendix G: Empirical model catalogue

Table G.1: Parameter constrains for empirical model fits. Entries with no parameter values indicate that the fit has failed for this time
bin and spectral model and the intensity is given for the energy range of 20-300 ke V.

Global Band CPL
GRB-Name Ref. Time Active Time Intensity @ B Epeax Intensity a Epeax
[s] [10~%erg s~ em™2 ] [MeV] [10~%erg s~ cm™2 ] [MeV]
GRB030501 03:10:02 10.27-23.88 0.288+0022 -1.82%920 | -1.940 (ul) unconst. 0.287+9022 -1.84*01% | unconst.
GRB031203 22:01:27 0.18-11.12 0.194*9023 -1.5170% unconst. 0.613 (L1.) 0.193:902 -1.51702% | unconst.
GRB040323 | 13:02:58 1.02-8.23 0.269792 —0477030 | 2260 (ul) | 024070138 0.2747002 —0.3570%0 | 0223+0153
GRB040827 11:50:50 11.89-29.54 0.109:501 —1.25+049 unconst. 0.637 (1) 0.108+0416 -1.26*041 | 0.676 (11)
GRB041218 15:45:44 2.78-8.66 0.53310037 -1.377032 | -1.960 (ul) | 0.211(L1) 0.537:9038 -1.337035 | 0.190 (11)
GRB041218 15:45:44 8.66-47.63 0.1763:519 -1.39%902 | —2230(ul) | 0.089(L1) 0.174+5419 —1.15%93¢ | 0.123+0074
GRBO41219A 01:42:13 5.65-8.67 0.781700 0.12:943 —2.660 (ul) | 0.234*00 0.792+00% —0.0270%9 | 0.251+00%8
GRBO41219A 01:42:13 8.67-21.02 0.13435012 -1.72+048 —-1.970 (u.l.) unconst. 0.135:9013 -1.707053 unconst.
GRBO41219A | 01:42:13 237.89-266.44 0.2015:519 -1.50%92 | -2.020 (ul) | 0.133(L1) 0.203+5519 -145%022 | 0.231721¢7
GRBO041219A 01:42:13 266.44-273.22 0.718:9038 -1.207016 | -2.280 (ul) | 0.290*0137 0.720*9437 -1.19:017 | 0.287+0129
GRBO041219A 01:42:13 273.22-276.0 1.58500% -1.347017 | 2430 (ul) | 0378702 1.5867007% -1.347017 | 0.37570333
GRBO41219A | 01:42:13 276.0-283.14 2.604*008 -126*008 | -2550 (ul) | 03417095 2.604+0051 —127:998 | 0.347+0:0¢
GRBO041219A 01:42:13 283.14-284.86 4.24310183 —1.307000 | —2.290 (ul) | 0.564*9213 4.2440172 -1.307099 | 0.5717203
GRBO041219A 01:42:13 284.86-293.22 4.073300% —1.29+0:96 —2.64*03) 0.350*09%8 4.075:005 —1.317096 | 0.376750%7
GRBO41219A 01:42:13 293.22-304.66 2.254+0078 -138%012 | -2500 (ul) | 0.240709¢7 2.260700% -1.38*012 | 0.243+0.0¢2
GRBO41219A 01:42:13 304.66-316.1 1.479+00%8 -1.387013 | —2.570 (ul) | 0.222709% 1.475:0097 -1.397012 | 0.225709%
GRBO41219A 01:42:13 316.1-327.61 0.58600% -1.757008 —1.820 (u.l.) unconst. 0.587:00% -1.757008 unconst.
GRBO41219A 01:42:13 327.61-364.38 0.251+0011 -1.76*020 | -2.170 (ul) | 0.067 (L) 0.250*9011 -1.63*022 | 0.072 (1)
GRBO4I219A | 01:42:13 364.38-370.66 0.776*9%% -1.687023 | —2.090 (ul) | 0.149 (LL) 0.78210.05! -1.66*32) | 0.140 (LL)
GRBO41219A | 01:42:13 370.66-382.42 1.584+0:03¢ -1.5249013 | -2520 (ul) | 0.142:09% 1.586+00% —1.531013 | 0.142+09039
GRBO41219A 01:42:13 382.42-389.25 0.676*9037 1724020 | =2.170 (ul) | 0.034 (L) 0.681+0034 -2.04*011 | unconst.
GRBO41219A | 01:42:13 389.25-399.96 1.2207004 —L735013 | —2430(ul) | 0.093700% 1.217:9933 —1.73:01¢ | 0.093109%¢
GRB050502A | 02:13:55 -1.46-22.24 0.091+5:008 -1.58*017 | -1.830 (ul) unconst. 0.092+0:008 -1.58*21% | unconst.
GRBO050525A |  00:02:53 0.48-1.37 4.054*9287 —1.067037 | -2.840 (ul) | 0.124+09% 3.941+0281 -1.32028 | 0.136700:8
GRBO050525A | 00:02:53 1.37-1.96 72174935 -0.694} -3.37:9% 0.12970:0% 738740450 -0.72503% | 0.131%9923
GRBO050525A | 00:02:53 1.96-2.72 22977023 —1.697030 | —2.410(ul) | 0.010(LL) 22974924 -2.28*024 | 0.951(LL)
GRBO050525A |  00:02:53 2.72-48 0.77230-199 —1.887066 | —2.200 (ul) | 0.011(LL) 0.784*903 —2.467027 | 0.959 (1)
GRBO050525A | 00:02:53 4.8-7.78 320155120 -1157030 | -3.230(ul) | 0.09370012 32187018 -1.627021 | 0.095%90%4
GRBO050525A | 00:02:53 7.78-9.93 0.793+00%3 171892 | -2.640 (ul) | 0.031:0932 0.859:0112 -2.65:032 | 0.609 (LL)
GRBO060428C |  02:30:35 2.33-13.48 0.210*9913 -0.84103 | -2.310(ul) | 0.126:093% 0.217:9913 —1.06028 | 0.147+09%
GRB060901 18:43:55 -3.21-0.11 0.3850-074 -1.32703% unconst. unconst. 0.388007 -1.327081 unconst.
GRB060901 18:43:55 -0.11-3.61 1.654*0-0% —0.8803% | -4.440(11) | 0.259*0%1 1.673700% -1.06*932 | 03567042
GRB060901 18:43:55 3.61-9.67 0.583*0-046 —1.427048 | -1.920 (ul) | 0.126 (L) 0.592:0-048 -1.237047 | 0.142 (1)
GRBO61122 | 07:56:50 0.75-2.57 14267008 ~1.75%01 | ~1.890 (ul) | unconst. 14257058 ~1.75%01 | unconst.
GRB061122 07:56:50 2.57-3.48 4.386*0234 -0.51*928 | -3.080 (ul) | 0.203:0%3% 4.4069244 -0.53*92 | 0.20730%
GRBO61122 07:56:50 3.48-4.77 6.915192%¢ -055701% | —2.710ul) | 0.193:09%0 6.915:9772 -0.59:013 | 0.199%9917
GRBO061122 07:56:50 4.77-5.63 3767402 -048%93% | -2.640 (ul) | 0.118:091 3.82240%1 -0.59*931 | 0.1237003
GRB061122 07:56:50 5.63-7.35 2.010*9109 —1.147020 | -2.940 (ul) | 0.131:0922 2.05319104 —1.127023 | 0.129+0024

Continued on Next Page
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Table G.1: Continued

Global Band CPL
GRB-Name Ref. Time Active Time Intensity a B Epeax Intensity a Epeax
[s] [10%erg s~ em™2] [MeV] [10~%erg s~ cm~2] [MeV]
GRBO61122 07:56:50 7.35-8.94 0.647+993¢ -1.747030 | —2.470 (ul) | 0.013(L1) 0.642+0:0% -2.15%018 | 0.672(LL)
GRB070707 16:08:38 0.57-0.99 1.448+0-162 -1.03+038 unconst. 0.362 (L1 1.443%0:1%9 -1.02403 | 0.383 (L)
GRB070925 15:52:32 14.45-25.2 0.403199% —0.715038 | —2.120(ul) | 0.18130047 0.4069923 -0.717029 | 0.183709%3
GRB071003 07:40:55 -1.68-0.02 0.783+0:084 -1.15%93% | -1.830(ul) | 0.356 (1) 0.790+0:08 -1.13#937 | 0378 (LL)
GRB071003 07:40:55 -0.02-2.53 1.924+0-118 -0.90*0%8 unconst. 111541418 1.897+0-121 —0.94*01% | 0.681 (11
GRB071003 07:40:55 3.98-7.08 1.200%998 -038703% | -1.950 (ul) | 0.82870%% 1.195%00%8 -0.397023 | 0.84670%%8
GRB071003 07:40:55 7.08-14.18 0.560+0:032 0917030 | —2.340 (ul) | 0.385:9%73 0.563+0:033 —0.91703% | 0.38907%
GRB071003 07:40:55 14.18-21.97 0.258+0023 -1.68%0% | -1.920 (ul) unconst. 0.257+5-02 -1.68*02% | unconst.
GRBOBO6I3A | 09:35:21 9.57-22.57 0.175+9916 -1.167033 unconst. 0.260 (L) 0.175:9918 —1.14703% | 0.253 (L1)
GRB080723B 13:22:15 6.6-9.41 1.163+9972 —0.49*03% | —2.190 (ul) | 0.185:2%4 1.178+0072 —0.51*02% | 0.18970%4)
GRB080723B 13:22:15 17.34-18.03 1.052:09%7 —0.887052 | —2.380 (ul) | 02017982 1062001 -1.027038 | 0.227+13%
GRB080723B 13:22:15 18.03-20.86 3.149701% -0.447019 | —2.880 (ul) | 0.217:00%¢ 315670132 -047:017 | 0.22179022
GRB080723B 13:22:15 20.86-22.64 1.825+0104 101007 | =2.490 (ul) | 0.196*2933 1.8197011¢ —0.91*027 | 0.18100%
GRB080723B 13:22:15 22.64-27.04 0.441+5032 -1.82:0%8 —2.120 (u.l.) unconst. 0.443+004 -1.84+0%2 unconst.
GRB080723B 13:22:15 27.04-27.68 2.982+0224 -0.52%03 | -2.460 (ul) | 0.282:09%7 2.980%9213 -0.524932 | 0.284*0.987
GRB080723B 13:22:15 27.68-28.31 1.061*51:2 —040%0% | -2570 (ul) | 0.188:01% 1.087+0:11 —0.33*082 1 0.18470003
GRB080723B 13:22:15 28.31-28.86 266010293 -03970% | -1.970 (ul) | 0.230709053 26830342 -0.49*048 | 0.25070983
GRB080723B 13:22:15 28.86-31.43 0.861+0:07 -146%028 | -2.150 (ul) | 0.135(L1) 0.865+0:038 -1.32493 | 0.117 (L)
GRB080723B 13:22:15 46.57-48.4 0.836+0072 -046%042 | -2250 (ul) | 0351:9%2 0.837+0073 —0.49*040 | 0.364+0223
GRB080723B 13:22:15 48.4-50.53 1.906%012 -0.667031 | —4470(LL) | 0.430792% 1.8907012 —0.77:01% | 0.547:9218
GRB080723B 13:22:15 50.53-53.69 OSZS‘:&:EZ -1 A()Sf:ﬁg unconst. unconst. 0526‘:3‘812 -1 ﬁng:?: unconst.
GRB080723B 13:22:15 53.69-55.38 2.074+01%9 —0.94102% | -1.880 (ul) | 0.287:2% 2.073+0133 —0.97+0% | 0.302+0157
GRB080723B 13:22:15 55.38-58.32 12467007 -1.197022 unconst. 0486793573 12570078 —1.197032 | 0.4967034%
GRB080723B 13:22:15 58.32-60.99 0.611508 -1.62+014 unconst. 0.611 (1) 0.608+0047 -1.62*013 | 0.603 (LL)
GRB080723B 13:22:15 60.99-62.39 2.804*0:178 -0.68*017 | -2.350(ul) | 0.613)1%%8 2.798*:17¢ -0.69*31¢ | 0.619*017%
GRB080723B 13:22:15 62.39-62.87 6.125703% -0427022 | —2480 (ul) | 046270113 61147036 -0437031 | 04737021
GRB080723B 13:22:15 62.87-63.6 3.267+0%%¢ —0.98+02¢ | -2.110 (ul) | 0.400*2%¢ 3.289+0238 —0.98+027 | 0.401*022
GRB080723B 13:22:15 63.6-64.67 1.103#50% -1.357038 | 1,960 (ul) | 0216 (L) 1.116%5499 -1.307038 | 0.177 (1L)
GRB080723B 13:22:15 64.67-65.66 25757018 -0.847030 | —2.750 (ul) | 0.466701% 2.579+01% -0.847050 | 0.4627013¢
GRB080723B 13:22:15 65.66-66.73 0.587+0:08 -1.51492 unconst. 0.693 (1) 0.587+00¢2 -1.517029 | 1.066 (11)
GRB080723B 13:22:15 66.73-92.47 0.155+5012 -1.57:92 unconst. unconst. 0.154+5012 -1.577018 unconst.
GRBO8I003B | 20:48:08 1.77-12.0 0.325+0:0%% -143%032 unconst. 0.194 (11 0.326+0:02¢ -143%932 1 0207 (L)
GRB081016 06:51:31 1.29-29.37 0.110*5009 -1.80*0% | —2.160 (u.l) unconst. 0.110*5009 -1.86*039 | unconst.
GRB090625B 13:26:20 0.77-8.44 0.231%992% —1.42709¢ unconst. 0.091 (LL) 0.231+992% -1.437037 | 0.122(L1)
GRB090817 00:51:23 2.66-11.41 0.265+0:02% -1.19%34) | -2200(ul) | 0.105(LL) 0.258+0:023 -126%04 | 0.112(LL)
GRB100103A 17:42:30 9.04-24.67 0.464+0033 —0.871027 | =2.170 (ul) | 02740 0.465+9-030 —0.851030 | 0.267+0152
GRBI01112A 22:10:20 12.01-14.57 0.634+0-0% —1.107048 | —2.190 (ul) | 0.1627)31¢ 0.63310-0% 1127038 | 0.1697 0002
GRBI110903A | 02:38:30 60.39-85.88 0.399:0:023 -0.90%939 unconst. 0.632+0420 0.400+0:04 -0.91*% | 0.6660733
GRBI110903A | 02:38:30 257.16-274.62 0.512+5030 —0.90702% | —2.090 (ul) | 0.818:2%% 0.511+903 —0.90*0%3 | 0.818+05%%
GRBI20512A | 02:41:40 2.61-23.43 0.337+503 —-1.42403 unconst. 0.712 (L1 0.337+503 —-1.42703% | 0.659 (11

Continued on Next Page
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Table G.1: Continued

Global Band CPL
GRB-Name Ref. Time Active Time Intensity 1% B Epeax Intensity @ Epeax
[s] [10-%erg s~ em~2] [MeV] [10~%erg s~ em™2 ] [MeV]

GRBI20711A | 02:44:48 4.36-8.88 0.374199%¢ -0.70703) | —2.230(ul) | 0.3447045 0.377:9937 -0.667041 | 0.338704%3
GRBI20711A | 02:44:48 66.95-69.97 0.745+0064 -0.98+0% unconst. 0.470 (1) 0.746700%% —0.99*021 | 0.504 (11)
GRBI20711A | 02:44:48 69.97-81.33 2.06170038 -0.93*007 | —2.070 (ul) | 1.203:9272 2.064+003¢ -0.93*00¢ | 1.21470%63
GRBI20711A | 02:44:48 81.33-82.56 0.874+0-08¢ -1.20%92 unconst. 1.004 (1) 0.874+0:087 -120%32) | 0.869 (LL)
GRBI20711A | 02:44:48 82.56-88.54 1.372+0064 —0.96*01% | -2.050 (ul) | 0.659*0%2 1.371+9065 -0.97*01% | 0.676702%
GRBI20711A | 02:44:48 88.54-90.95 0.818*99% -1.3170% unconst. 0.298 (L) 0.81479:0% -1317537 | 0.326 (L)
GRBI20711A | 02:44:48 90.95-100.6 2.241#0063 -0.96*307 | -2.010 (ul) | 115470282 2.239+0062 -0.96*9% | 1.181*0333
GRBI20711A | 02:44:48 100.6-101.55 3.51170%% 0917015 | -1.840 (ul) | 0.945(11) 3.508+0.226 —0.91*01% | 0993 (11)
GRBI20711A | 02:44:48 101.55-107.52 230610082 —0917 007 | —2.170 (ul) | 1.507:9439 23107008 -0.9100% | 1.503704%
GRBI20711A | 02:44:48 107.52-107.84 5.280*043 —0.23*020 | 2430 (ul) | 0.637:9%% 5.26810438 -024*931 | 0.648+00
GRBI20711A | 02:44:48 107.84-109.82 2.190*0139 -0.93+013 unconst. 1.1407075 2.179+913% —0.95701% | 1.211708%%
GRBI20711A | 02:44:48 109.82-112.29 0.76079936 -146701% | —-1.810(ul) | 1.048(LL) 0.760790%% —1.46701% | 1.058(LL)
GRBI20711A | 02:44:48 112.29-112.87 1.829+0163 —0.724043 | -1.940 (ul) | 057353 1.846*01% —0.72+049 | 0.574+0937
GRBI120711A 02:44:48 112.87-117.09 0.432+008 -1.55502 unconst. unconst. 0.434190% -1.557029 unconst.
GRBI21102A 02:27:02 2.13-20.86 0.17233417 -1.907018 | —2.000 (u.l.) unconst. 0.168*0018 -1.95703% | unconst.
GRB130514B 13:26:32 0.56-3.74 0.45810-043 -1.19%94¢ | -2200(ul) | 0275:23% - - -
GRB150831A 10:34:12 0.81-0.92 247770558 -1.12739 unconst. unconst. 2.5370538 -1.07733% | 0202 (1)

GRBI51120 08:22:50 3.69-18.11 0.459+0:023 -0.83*02) | -2.190 (ul) | 0.197:0%¢ 0.462+0:02¢ -0.86*9% | 0.204:003)
GRB160223B | 09:58:58 2.8-27.83 0.143+0012 -1.17:9% unconst. 0.371 (1) 0.1429012 -1.17702 | 0348 (1)
GRBI60401A | 20:20:30 1.84-38.0 0.0769908 -1.817}1S | —1.990 (ul) unconst. 0.0759:908 -1.837030 | 0.433(LL)

GRBI160521 03:37:20 99.22-116.12 - - - - - - -
GRB160629A | 22:19:30 10.05-29.56 0.528+9022 0771030 | —2.110 (ul) | 0.253+0%¢ 0.528*9-023 —0.79*0% | 0.263*0105
GRB161010A 13:36:25 0.2-5.22 0.17079933 -1.67704 | —1.820 (ul) unconst. 015819937 -1.827062 | unconst.
GRBI61010A 13:36:25 5.22-8.12 0.638+0031 -1.70%04 | -2.030 (u.l) unconst. 0.637:0:032 —1.71*045 | unconst.
GRB161010A 13:36:25 8.12:9.35 163145413 -1.327049 | —2.160 (ul) | 0.106 (11) 16279119 -1.2470% | 0.114 (1)
GRB161010A 13:36:25 9.35-10.99 3.2617015% —L13) | -1.820(ul) | 0.27370138 3.287:017% —1175530 | 0.310%0 04
GRBIGIOIOA | 13:36:25 10.99-16.8 140140063 —1.29%012 | 2,100 (ul) | 02610150 1.408+0.06¢ ~1.30%02 | 02660137
GRB161010A 13:36:25 16.8-29.56 0.191+9018 -1.907018 | —1.950 (u.l) unconst. 0.187:9029 -1.957020 | 0428 (1)
GRBI61023A | 22:38:40 16.71-29.98 046619926 -1.187022 | —2.260 (ul) | 0.327:0228 0.46670928 —1197015 | 0.343:023%
GRBI161023A | 22:38:40 29.98-42.16 1.037+09% L1800 | 2280 (ul) | 0.299+09% 1.037+063 —1.19*013 | 0.304+0.98¢
GRBI161023A | 22:38:40 42.16-49.29 0.49990%2 -1.837042 | —2.080 (u.l) unconst. 0.50319:933 -1.8203 | 0.075 (L)
GRBIGI023A | 22:38:40 49.29-55.19 0.241+0:024 -1.74%33 | -1970 (ul) | 0.455(L1) 0.239:002 -1.75320 | 0414 (1L)
GRB180626 08:21:04 5.66-15.27 0.379+9023 1917018 | -1.950 (u.l) unconst. 0.377+02¢ -1.94*013 | 0.498 (1)
GRB180626 08:21:04 15.27-29.03 0.192*9913 -1.727030 | -2.840(ul) | 0.03670018 0.201*9913 -228013 | 1.020(LL)
GRBISI20IA | 02:38:00 3.08-33.34 0.351701% -1.68709% unconst. 0.809 (1.1.) 0.351:901% -1.687300 | 0.796 (L)
GRBI8I201A | 02:38:00 33.34-62.66 0.103+9013 -1.84*020 | ~1.950 (ul) | 0.591 (1) 0.100*9013 -1.89702% | 0.568 (11)
GRBISI20IA | 02:38:00 113.1-114.2 15257014 -1.347037 | -2.070 (ul) | 0.172(LL) 1.53270144 -1.297540 | 0.162 (L1)
GRBI8I201A | 02:38:00 114.2-115.54 4.985+0218 -123*01% | -2390 (ul) | 0.242:09%1 4.996+023 —124%017 | 0.247:00%¢
GRBI8I201A | 02:38:00 115.54-117.87 9.220*923) 1127002 | 2330 (ul) | 0.252709%8 9.2341024 —1.147018 | 0.264+0057
GRBI8I20IA | 02:38:00 117.87-120.34 1546570312 -1.047010 -3.047032 0.19470018 1553070314 —1.09700% | 0.205:0013

Continued on Next Page
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Table G.1: Continued

Global Band CPL
GRB-Name Ref. Time Active Time Intensity 1% B Epeax Intensity @ Epeax
[s] [10-%erg s~ cm~2] [MeV] [10~%erg s~ em™2 ] [MeV]

GRBI81201A 02:38:00 120.34-121.25 10.62670410 —0.947022 | -2.520 (ul) | 0.128790:¢ 10.69570432 -1.037019 | 0.13470013
GRBI8I201A | 02:38:00 121.25-125.31 6.695+0:130 -1.18%942 —2.49*0:16 0.104+9012 6.834701% —1.424012 | 0.128+0014
GRBI8I20IA | 02:38:00 125.31-127.85 4.08310138 —1.461029 -2.861%4] 0.076:0511 - - -
GRBI81201A 02:38:00 127.85-132.77 2.449+00% -148%920 | -3.170 (ul) | 0.069:09% 2.42370058 -1.76:3% | 0.06003
GRBI81201A 02:38:00 132.77-137.77 1.309+0:969 -1.86*015 | —2.480 (ul) | 0.011(1) 1.319+0.068 —2.147099 | 1.020 (11.)
GRBI8I20IA | 02:38:00 137.77-143.35 0.68400%2 -1.97502% | -2.150 (ul) unconst. 0.655*094 -2.197514 | 0.725(L1)
GRBISI20IA | 02:38:00 143.35-172.2 0.201+5313 -1.97492% | -2.060 (u.l) unconst. 0.18670013 -226*07 | 0457 (LL)
GRBI90411A |  09:45:48 -1.21-1.21 1.981+0820 —1.23+148 unconst. unconst. 1.973+0785 -1.237192 | 0.490 (11.)
GRBI9041IA | 09:45:48 1.21-3.84 11.6307]3%2 -1.42:030 unconst. 1.009 (L) 11.54871 383 —1417035 | 0.918 (L)
GRBI90411A | 09:45:48 3.84-4.42 15.011+30%4 -1.3740% unconst. 1.120 (11 15.085+3423 -1.38*04% | 1263 (LL)
GRBI90411A |  09:45:48 4.42-6.24 16.417+162) -1.331012 unconst. 1.978 (11.) 16.288* 1758 -1.327029 | 1,998 (11.)
GRBI9041IA | 09:45:48 29.58-34.96 - - - - - - N
GRBI90411A | 09:45:48 159.7-173.44 4.789%0 3¢ -1.55%03¢ | -2.040 (ul) | 0.408 (L1) 4.746*030 -1.53*035 | 0.503 (1L)
GRB190701B 10:05:00 -0.37-7.71 0.334+0023 -1.18+049 unconst. 0.113 (1) 0.33139022 -1.307043 | 0.137(L)
GRB190828D 18:48:30 3.51-4.23 1.0917012 -0.507048 | -1.880(ul) | 0.753(LL) 1.08870:130 -047704 | 0.764(L1)
GRB190828D 18:48:30 4.23-8.88 0.399+0044 -0.91+042 unconst. 0.386 (L1.) 0.398*0047 -0.93*042 | 0437 (L)
GRB200424A |  12:07:10 0.73-1.99 0.606*997 —047030 | —2.070 (ul) | 0.442:0565 0.611997 —045037 | 0.448:0510
GRB200424A 12:07:10 6.69-11.5 0.591+004 -0.72%9% unconst. 0.785+037 0.588+0047 -0.74*% | 0.832:0373
GRB200424A 12:07:10 19.73-21.26 0.696*0-062 -1.3149% unconst. 0.534 (L1.) 0.695+0053 -1.30*024 | 0471 (1)
GRB200424A |  12:07:10 21.26-33.99 0.297+99%4 -1.367035 | —1.920(ul) | 0204 (LL) 0.30079:93 -1.337033 | 0213 (L)
GRB200715A | 23:51:40 153.02-154.11 0.5650113 -1.13#3% | -1.850 (u.l) unconst. 0.573:01% -1.12*39 | unconst.
GRB210406A 17:11:22 5.58-23.92 0.381+921 —0.317048 | —2.010 (ul) | 0.209*29%¢ 0.385:9012 —0.407028 | 0.226709%9
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Appendix H: Physical synchrotron model catalogue

Table H.1: Parameter constrains for synchrotron model fits. Entries with no parameter values indicate that the fit has failed for this
time bin and the intensity is given for the energy range of 20-300 keV.

Global Synchrotron
GRB-Name | Ref. Time Active Time Intensity p X
[s] [10~%erg s~ cm™2]
GRB030501 | 03:10:02 10.27-23.88 0.282+0.924 2.140 (11) | 2450 (ul)
GRB041218 | 15:45:44 2.78-8.66 0.570*5417 2.400 (11.) | unconst.
GRBO041218 | 15:45:44 8.66-47.63 0.170*301 3.910 (LL) | —0.140 (L.L.)
GRBO41219A | 01:42:13 5.65-8.67 0.754+0.964 4730 (11) | 0.720 (1)
GRBO41219A | 01:42:13 | 237.89-266.44 0.199+0.911 2.380 (L.L) | unconst.
GRBO41219A | 01:42:13 | 266.44-273.22 0.71270:9% 2710 (1) | -0.47+37
GRBO41219A | 01:42:13 | 273.22-276.0 1.613+0:09% 2.840 (11) | —0.63*03,
GRBO41219A | 01:42:13 | 276.0-283.14 2.616%0.9%2 3.680 (1L) | -0.52%02
GRBO41219A | 01:42:13 | 283.14-284.86 477549334 2950 (1) | -0.6527
GRBO41219A | 01:42:13 | 284.86-293.22 4.122+509 3.180 (L) | —0.57*917
GRBO41219A | 01:42:13 | 293.22-304.66 2.236%0.9% 3610 (LL) | —0.68%04,
GRBO41219A | 01:42:13 | 304.66-316.1 1.467+90% 3.680 (1) | —0.320 (u.l)
GRBO41219A | 01:42:13 | 316.1-327.61 0.60670:97 7.920 (ul) | 2.170 (ul)
GRBO41219A | 01:42:13 | 327.61-364.38 0.247+5013 2.740 (11.) | —0.480 (u.l)
GRBO41219A | 01:42:13 | 364.38-370.66 0.787+0.9% unconst. | 1.380 (u.l.)
GRBO41219A | 01:42:13 | 370.66-382.42 1.579+0.962 3.150 (1L1) | —=0.520 (u.l.)
GRBO41219A | 01:42:13 | 382.42-389.25 0.66170.93¢ 2.320(LL) | unconst.
GRBO41219A | 01:42:13 | 389.25-399.96 1.205+0-04 2.530 (1.L) | —0.500 (u.l.)
GRBO050525A | 00:02:53 0.48-1.37 4.021+9280 4.020 (11) | —0.700 (1.1.)
GRBO050525A | 00:02:53 1.37-1.96 7.42670:4¢7 4.870 (1) | 0.450 (1)
GRBO050525A | 00:02:53 1.96-2.72 2.245%0.227 2.070(1L) | unconst.
GRBO050525A | 00:02:53 4.8-7.78 3.180%0:137 4.690 (1.1) | —0.150 (L1.)
GRB060901 | 18:43:55 -0.11-3.61 1.68070:9%3 2.630 (11) | —0.470 (LL)
GRBO61122 | 07:56:50 0.75-2.57 1.466*0-119 unconst. | 0.770 (u.l.)
GRBO61122 | 07:56:50 2.57-3.48 4.284+0251 5.860 (1.L) | 0.720 (1)
GRBO061122 | 07:56:50 3.48-4.77 6.806*9214 6.130 (1) | 0.920 (L1
GRBO61122 | 07:56:50 4.77-5.63 3.827+0.234 5.540 (1L1) | 0.590 (L1)
GRBO061122 | 07:56:50 5.63-7.35 2.015*9124 3.830 (1) | —0.020 (LL)
GRB070925 | 15:52:32 14.45-25.2 0.40570.928 3.900 (L.L) | 0.440 (L1)
GRBO071003 | 07:40:55 -0.02-2.53 3.920%53% 2.260 (1.1) | —1.420 (11
GRB071003 | 07:40:55 3.98-7.08 2.847+94% 3.670 (L1) | 0.480 (L1)
GRBO071003 | 07:40:55 7.08-14.18 0.57970.9% 3.440 (11) | —0.150 (L1.)
GRB080723B | 13:22:15 6.6-9.41 1.154+0:078 3.990 (1LL) | 0.510(L1)
GRB080723B | 13:22:15 18.03-20.86 3.080%0:121 6.460 (1.1) | 0.890 (L1)
GRB080723B | 13:22:15 | 20.86-22.64 1.804+0:127 3.480 (11) | 0.070 (1L)
GRB080723B | 13:22:15 27.04-27.68 2,914 4.430(11) | 0.560 (11.)
GRB080723B | 13:22:15 | 28.31-28.86 2.618%0-294 3.750 (1LL) | 0.330(L1)
GRB080723B | 13:22:15 | 28.86-31.43 0.868*0-004 2.530 (1) | —1.460 (1L)

Continued on Next Page
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Table H.1: Continued

Global Synchrotron
GRB-Name | Ref. Time | Active Time Intensity p X
[s] [10~%erg s~ cm™2]

GRB080723B | 13:22:15 | 46.57-48.4 0.913+0.116 3.370 (1L) | 0.360 (L)
GRB080723B | 13:22:15 | 48.4-50.53 2.237+0176 3.070 (LL) | 0.120(LL)
GRB080723B | 13:22:15 | 50.53-53.69 0.539+0.957 2.070 (1.L) | 2.000 (u.l.)
GRB080723B | 13:22:15 | 53.69-55.38 2.075%0:138 2.790 (L1) | —0.230 (L1
GRB080723B | 13:22:15 | 55.38-58.32 1.349+0174 2420 (LL) | -0.34+275
GRB080723B | 13:22:15 | 60.99-62.39 3.727+9323 4.120 (L1) | 0.560 (L1.)
GRB080723B | 13:22:15 | 62.39-62.87 7.675705% 4.740 (11) | 0.640 (L1
GRB080723B | 13:22:15 | 62.87-63.6 3.400%0246 2.900 (1.L) | —0.390 (L1.)
GRB080723B | 13:22:15 | 64.67-65.66 | 2.7802212 4.540 (L1) | 0.260 (L1)
GRBO080723B | 13:22:15 | 66.73-92.47 0.17070:940 2.340 (LL) | —0.140 (u.l.)
GRBI00103A | 17:42:30 | 9.04-24.67 0.46570.934 3.200 (1.L) | 0.050 (L)
GRB110903A | 02:38:30 | 60.39-85.88 0.47630% 2.950 (11) | —0.480 (L1
GRB110903A | 02:38:30 | 257.16-274.62 0.68070.9% 3.020 (1.L) | —0.330 (L1.)
GRBI20711A | 02:44:48 | 66.95-69.97 1.291+14% 2.860 (L1) | —1.190 (L1)
GRBI20711A | 02:44:48 | 69.97-81.33 4.184+0303 2.810 (LL) | -0.3270%8
GRBI20711A | 02:44:48 | 82.56-88.54 1.652+93% 2.850 (LL) | —0.590 (1.L.)
GRBI20711A | 02:44:48 | 88.54-90.95 1.143%3901 2.530 (L1) | 2270 (u.l)
GRBI20711A | 02:44:48 | 90.95-100.6 4.373+0417 2.680 (LL) | -0.3770%8
GRBI20711A | 02:44:48 | 100.6-101.55 8.38976.932 2.750 (L1) | —=1.300 (L)
GRBI20711A | 02:44:48 | 101.55-107.52 5.6607)533 2740 (1L1) | -0.2898
GRBI20711A | 02:44:48 | 107.52-107.84 9.612+1412 3.780 (LL) | 0.340 (LL)
GRBI20711A | 02:44:48 | 107.84-109.82 4.1162211 2.650 (LL) | —1.160 (L1
GRBI20711A | 02:44:48 | 109.82-112.29 1.688*23% unconst. | —0.340 (u.l.)
GRBI20711A | 02:44:48 | 112.29-112.87 2.286"938 3.050 (L1) | —0.210 (L1

GRBISI120 | 08:22:50 | 3.69-18.11 0.456+0.92° 3.460 (11) | 0.170 (LL)
GRB160629A | 22:19:30 | 10.05-29.56 0.525+9022 3.370 (L) | 0.130 (LL)
GRBI6I010A | 13:36:25 5.22-8.12 0.642+0.957 2270 (LL) | 1.870 (u.l)
GRBI61010A | 13:36:25 8.12-9.35 1.61470:117 2.640 (11) | —1.180 (L1)
GRBI6IOI0A | 13:36:25 | 9.35-10.99 32717016 2.350 (LL) | —0.540 (L1.)
GRBI610I10A | 13:36:25 10.99-16.8 1.398+0.966 2.500 (1.L) | 1.600 (u.l.)
GRB161023A | 22:38:40 | 16.71-29.98 0.469+9034 2.820 (11) | -0.26*2¢7
GRBI161023A | 22:38:40 | 29.98-42.16 1.034+0:040 2.810 (LL) | -0.317033
GRB161023A | 22:38:40 | 42.16-49.29 0.499+0.936 2.390 (LL) | 0.160 (u.L)

GRBI80626 | 08:21:04 | 5.66-15.27 0.377+9028 2.624337 | 2.440 (u.l)
GRBI8I201A | 02:38:00 | 3.08-33.34 0.37070.975 unconst. | 2.040 (u.l.)
GRBI81201A | 02:38:00 | 113.1-114.2 1.581*91¢0 2.890 (L1) | 2.380 (u.l)
GRBISI201A | 02:38:00 | 114.2-115.54 4.94170242 2740 (1) | -0.24727
GRBI81201A | 02:38:00 | 115.54-117.87 9.116%0243 2970 (L) | —-0.11*]72
GRBISI20IA | 02:38:00 | 117.87-120.34 15.310*0318 3.650 (L) | 0.09*)7
GRBI8I1201A | 02:38:00 | 120.34-121.25 10.640*0:417 3.910 (LL) | 0.200 (LL)
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Table H.1: Continued

Global Synchrotron
GRB-Name | Ref. Time | Active Time Intensity p X
[s] [10-%erg s~ cm™2]

GRBI8I201A | 02:38:00 | 121.25-125.31 6.652+0-16° 3.68*071 | —0.330 (L1
GRBI81201A | 02:38:00 | 125.31-127.85 4.061+913 3.200 (L1) | unconst.
GRBI8I1201A | 02:38:00 | 127.85-132.77 2.449+00% 4.720 (11) | —0.280 (u.l.)
GRBI8I201A | 02:38:00 | 132.77-137.77 1.279+0:069 1.920 (1) | 2.270 (ul)
GRBI81201A | 02:38:00 | 137.77-143.35 0.655+0042 2.537078 unconst.
GRBI90411A | 09:45:48 1.21-3.84 27.379+5%38 unconst. | 1.830 (u.l.)
GRBI190411A | 09:45:48 3.84-4.42 52.206+39:5%3 unconst. | 1.950 (u.l.)
GRB190411A | 09:45:48 4.42-6.24 77.713+12:361 unconst. | 0.900 (u.l.)
GRB190411A | 09:45:48 | 159.7-173.44 5.853+0831 2.080 (1.1) | 0.870 (ul)
GRB190701B | 10:05:00 -0.37-7.71 0.334+9029 2.550 (1) | —1.000 (1.1.)
GRB190828D | 18:48:30 3.51-4.23 6.23376:8%2 2.510 (1.L) | =0.270 (L1.)
GRB200424A | 12:07:10 6.69-11.5 0.94470.144 3270 (1L) | 0.160 (1)
GRB200424A | 12:07:10 | 21.26-33.99 0.36870.1%3 2.330 (LL) | —0.100 (u.l.)
GRB210406A | 17:11:22 | 5.58-23.92 0.37670.921 4.330 (1) | 0.580 (1.1.)
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Appendix I: GRBs outside of the FoV

Table I.1: GRBs with significant signal in the SPI detectors but not listed in the IBAS. All of these GRBs were mostly likely outside

of the coded FoV.
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GRB name | Trigger Time
GRB040421 02:30:17
GRB041212 18:34:17
GRB060213 13:11:09
GRB070418 17:16:22
GRB080303 21:34:48
GRB090902 11:05:08
GRB110318 12:44:02
GRB110918 21:27:02
GRB120911 06:26:14
GRB121209 16:30:25
GRB130505 08:22:28
GRB130527 14:21:30
GRB 130606 11:55:33
GRB131014 05:09:00
GRB140219 19:46:02
GRB 140320 20:21:38
GRB150210 22:26:24
GRB150214 01:37:18
GRB150314 04:54:52
GRB150403 21:54:26
GRB150704 02:14:12
GRB151229 03:01:20
GRB151229 21:24:16
GRB160131 08:20:31
GRB160509 08:58:46
GRB160623 04:59:37
GRB160625 22:43:24
GRB170510 05:12:25
GRB170522 23:22:04
GRB180113 10:02:05
GRB180218 15:14:05
GRB180720 14:21:44
GRB180914 18:23:02
GRB190114 20:57:03
GRB190530 10:19:08
GRB200422 07:22:17
GRB201009 03:08:15
GRB201216 23:07:31
GRB210619 23:59:25
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