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We study timing properties of a large sample ofγ-ray bursts (GRB) detected by the Anti-

Coincidence Shield (ACS) of the SPI spectrometer of INTEGRAL telescope. First we identify

GRB-like events in the SPI-ACS data. The data set under investigation is the history of count rate

of the SPI-ACS detector recorded with a binning of 50 ms over the time span of∼ 10 yr. In spite of

the fact that SPI-ACS does not have imaging capability, it provides high statistics signal for each

GRB event, because of its large effective area. We classify all isolated excesses in the SPI-ACS

count rate into three types: short spikes produced by cosmicrays, GRBs and Solar flare induced

events. We find some∼ 1500 GRB-like events in the 10 yr exposure. A significant fraction of the

GRB-like events identified in SPI-ACS occur in coincidence with triggers of other gamma-ray

telescopes and could be considered as confirmed GRBs. We study the distribution of durations

of the GRBs detected by SPI-ACS and find that the peak of the distribution of long GRBs is at

≃ 20 s, i.e. somewhat shorter than for the long GRBs detected byBATSE. Contrary to the BATSE

observation, the population of short GRBs does not have any characteristic time scale. Instead,

the distribution of durations extends as a powerlaw to the shortest time scale accessible for SPI-

ACS, ≤ 50 ms. We also find that a large fraction of long GRBs has a characteristic variability

time scale of the order of 1 s. We discuss the possible origin of this time scale. Finally, we report

recent SPI-ACS detection of unusual unexplained bursting activity, unlike any other observed by

SPI-ACS in 10 years of operation. We discuss possible originof this activity.
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1. Introduction

Gamma-ray bursts (GRBs) are the most violent explosions in the universe.In spite of the
long observation history, the nature of the GRB phenomenon remains obscure. Isotropy of spatial
distribution (15) and spectral features in long-lasting afterglows discovered by Beppo/SAX (16)
confirmed the cosmological nature of GRB phenomenon. Up to now, the largest sample of GRBs
available for a statistical study has been collected by the CGRO/BATSE (15) and Konus-Wind
(1). One of the main findings of BATSE and Konus-Wind was the discoveryof a dichotomy in
the distribution of GRB durations (12; 10). This distribution reveals two broad bumps separated
roughly atT90≃ 2 s (10; 15). This dichotomy is commonly believed to be related to the difference
in burst progenitors. The long GRBs seem to be associated with gravitational collapse of the cores
of massive stars (11). The short GRBs are possibly related to coalescence of compact objects (2).

The focus of the present study is on the timing properties of GRBs detected by the Anti-
Coincidence Shield (ACS) of spectrometer SPI on board of the INTEGRALsattellite (24). Al-
though SPI-ACS does not have an imaging capability, it has exceptionally large effective area (up
to about 1 m2). SPI-ACS readout does not rely on any on-board trigger criteria and instead conti-
nuously measures the event rate all over the INTEGRAL mission lifetime with a time binning of
50 ms. The first attempt to systematically study GRBs with SPI-ACS was done by Rau et al. (17)
using about 800 days of data and identifying 179 GRBs also detected by other satellites, but visible
in the SPI-ACS. Considerably more data has been collected since the first catalogue and an advance
in understanding the systematic effects suggested the new study of the SPI-ACS burst population.

2. Detection of GRBs

We use the SPI-ACS data of 1030 revolutions of the INTEGRAL satellites, from 20 to 1100
((3230 days from 2002-12-12 to 2011-10-16)). Data quality criteria restrict the usable exposure
time to 2412 days. We identify burst-like events on 10 different time scales, from 100 ms to 30 s.
The local background count rate is estimated on larger time scales up to 104 s. Excess variance of
the background count rate is used to correct significance of the detection. Regions with exceedingly
high excess variance are exluded from the analysis. The total number ofburst-like events found in
our analysis is 82231. Almost all these events are so-called "short spikes" (17). At long time scales,
variations of the SPI-ACS count rate are mostly due to the Solar activity. Most of the bursts of solar
origin can be excluded by studing stability of the background. We also use solar weather prediciton
center (SWPC) reports1 to find affected time intervals.

3. Short spikes

The majority of burst-like events (about 30 spikes/day (17)) in SPI-ACS are “short spikes”,
with typical durations of about the about 50−100 ms, i.e. one or two bins of the lightcurve. The
nature of these events was controversial. The analysis by Rau et al. (17) suggested that the spikes
are produced following hits of the ACS by high-energy cosmic rays (protons with the energy of
∼ 30 TeV or heave nuclei of∼ 2 GeV). Deluit et al. (6) have noticed that all the particles from a

1. http ://www.swpc.noaa.gov/
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Figure 1: The stacked profile of the spikes (blue data points). The extended tail isfitted with the
decay of residual cosmic ray induced radioactivity of the BGO found from FLUKA simulations
(green curve).

cosmic ray induced shower in ACS would be counted as just one particle. They also could be real
hard GRBs escaping detection by other instruments (5).

The properties of the short spikes reveal remarkable stability over the whole mission span (10
years of data). It means that they are associated with high energy protons. The stacking analysis
reveals weak (0.1 %) afterglow lasting for at least 3 seconds (Figure 1). The profiles ofthe brightest
individual spikes follow closely the averaged stacked profile. The shower particles certainly could
not be responsible for the second-long afterglow shown in Fig. 1. Instead, the tail could be attributed
to short-term activation of the BGO crystals with the cosmic ray protons. We have investigated
the radioactivity induced in the BGO crystals by high-energy cosmic ray passage using FLUKA
Monte-Carlo code (3; 8) and found that it fits the data well.

All the spikes are expected to have identical time profiles. Template-based rejecting removes
most of the spikes, suppressing only a small fraction of the real GRBs.

4. GRBs detected by SPI-ACS

Rejection of spikes and Solar flare events from the overall sample of burst-like events in SPI-
ACS leaves a sample of 1416 GRB lightcurves available for the timing analysis. Figure 2 shows the
distribution of durationsT90 for these GRBs. The black solid histogram shows the distribution of
durations of events occurring in coincidence with the triggers from other detectors. It is consistent
with that of the independent candidate sample.

Our analysis of the sample of GRBs detected by SPI-ACS shows that the distribution of GRB
durations shown in Figure 2 has two components. But contrary to BATSE burst duration distri-
bution, the distribution of durations of SPI-ACS bursts does not reveal short bursts concentrated
around a characteristic time scale. Instead, the burst duration distribution follows a powerlaw at
short time scalesT90 . 3 s extending to the shortest time scale accessible to the ACS. It suggests
that the difference between the short and the long bursts may not be fully characterized by the
commonly accepted criterionT90≶ 2 s. Very short bursts are confused with the cosmic ray induced
spikes in ACS.
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Figure 2: Distributions of theT90 durations. Dark and
light shadings of the filled region correspond to 5 and 3
sigma confidence level for the event not being a spike.
Solid black curve is for the confirmed bursts. The dis-
tribution of durations of GRBs from BATSE 4B GRB
sample, scaled to match the normalization of the ACS
sample, is shown by the black dashed line.

Figure 3: One the top panel : the first cha-
racteristic time scale vs duration (T90) for
long GRBs. On the bottom panel : the
distribution of the first characteristic time
scales.

Next, we use the first order structure function to to identify a characteristicvariability time
scale. Figure 3 shows the characteristic time scales of long GRBs as a function of the GRB duration.
One could see that large fraction of GRBs has the characteristic time scaleTvar = 1± 1 s. This
analysis confirms the result of (4). This time scale is related to typical separation between the
individual pulses or activity periods of GRBs. Interestingly, it coinsideswith the time scale at
which a break in the distribution of GRB durations is observed. The distinct characteristic time
scale of the order of a second might be associated with the variability of the GRB central engine.
Alternatively, it can be related to the size of the emission region. Further investigation of the nature
of the characteristic time scale, exploiting the rich timing data of the SPI-ACS, is required to clarify
its origin.

5. Mysterious bursts of April-May 2012

From of April 19th 2012 to April 21st, SPI-ACS detected 25 mostly short (from 50 ms but
few reaching 8 s) bursts at a significance level of 8-10 sigma (with the peak count-rate of 104 -
105 counts/s on 50 ms time bin). Other 7 bursts were detected from May 5th to 7th (Atel 4101).
The highest peak count-rate recorded by the ACS was 1.5×105 counts/s (detection significance up
to 50 sigma), suggesting fluences up to 3.5×10−6 erg/cm2 s above 75 keV. Light curves of these
bursts resemble strongly those of a magnetar outburst (sometimes observedalso by SPI-ACS (19))
As no spatial information are available from the ACS, this activity could not befirmly associated
this activity with any known source.

None of these events have not been reported by other GRB monitoring experiments. In the
previous sections we described thorough study of properties of the SPI-ACS light curve (see also
(20)). It allows us to claim that no instrumental issue that could give rise to similar effects was ever
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observed. Assuming these bursts are real astrophysical events, onehas to explain how they avoided
detection by all other gamma-ray detectors but SPI-ACS.

The first possibility is in the visibility constrains. For the near-Earth satellites (e.g. Fermi or
Suzaku) half of the sky is always occulted. It is straightforward to estimatethat for some posi-
tion of the source only one (but also at least one) relatively weak burstwould be visisble for the
Fermi/GBM. On the other hand, Konus-Wind is positioned in L1 point and does nothave any
visibility limitations.

Secondly, unlike SPI-ACS, most of the GRB detectors rely on an on-board trigger algorithm
to choose the data aquisition mode. Unless the trigger condition is satisfied, the recorded data
is usually relatively limited, suitable for studying only bright bursts. This may bethe case for
Suzaku/WAM and Konus-Wind. However, the offline data of Fermi/GBM is quite detailed - it
includes a light curve with 64 ms resolution - similar to the one recorded by SPI-ACS.

Finally, the bursts may be simply below sensitivity for every instrument but SPI-ACS. It ap-
pears to be not impossible, as SPI-ACS possesses exceptionally large effective area and is especially
sensitive above∼ 1 MeV - where many other instruments usually run out of statistics. To provide
sufficient flux at 1 MeV to be visible in SPI-ACS but fall below the sensitivity of Fermi/GBM,
Swift/BAT and Konus-Wind (all a lot more sensitive at 10−1000 keV then SPI-ACS), the bursts
would have to feature ususually hard spectrum.

To investigate the possible spectra of the bursts we simultaneously fitted the to Fermi/GBM
and SPI-ACS spectra. The SPI-ACS spectra consisted in fact of a single bin. The corresponding
response was modeled by a simple shape, resembling the results of Monte-Carlo simulations. The
energy and angular dependence of the response was validated by cross-calibration on known bright
GRBs.

As expected, OTTB spectrum can be firmly excluded with the significance close to the detec-
tion significance of the given (the "minimal" - see above) burst in SPI-ACS -about 8 sigma. For the
broken powerlaw “Band” model or thermal spectrum peaking at 1 MeV thespectra are marginally
consistent. Black body spectrum peaking close to the edge of the GBM energy range, at 100 MeV
is not formally excluded. So unusually hard spectrum would provide strong signal in the energy
range of Fermi/LAT. LAT sky exposure converage during the duration of the 25 burstsis small, less
then a third of the sky is sufficiently exposed. However, it is likely that thousands of photons above
100 MeV would be seen by LAT even from out of the field of view.

Another remaining possiblily is that the bursts were caused a peculiar and unexplained instru-
mental effect. Even if this is the case, finding an explanation for this effect would be very interesting.

Usefullness of the GBM for confirming or rejecting bursts detected by SPI-ACS is mainly
limited by observational constrains. Using the data of the Konus-Wind instrument, not affected by
occultations, although limited by the trigger criteria, might prove to be useful to finally clarify the
nature of these mysterious bursts events.
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Figure 4: Some of the unidentified bursts detected by INTEGRAL/SPI-ACS between April 19th
and May 7th 2012.
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