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We present the global properties of the bursts detectedanadized by the IBIS instrument on
the INTEGRAL satellite from November 2002 to September 2008s sample is now composed
of 56 bursts, corresponding to a rate~0f0.8 GRB per month. Thanks to the performances of
the Integral Burst Alert System, 50% of the IBIS GRBs havedietd afterglows, while 5% have
redshift measurements. We have carried out a spectralsasafjthe 43 bursts in the INTEGRAL
public archive, using the most recent software and caldmmat We have derived an updated,
homogenous and accurate catalogue with the spectral ésatdirthe sample (Vianello et al.,
2008, in preparation). While most of the spectra are webkditby a power law with photon
index~ 1.6, we found that 9 bursts are better described by a cut-ofepéaw. These results are
comparable with those obtained with BAT onboard Swift. Hisa marginal evidence that ISGRI
detects dimmer bursts than Swift/BAT. Using the revisedspéparameters and an updated sky
exposure map that takes into account also the effects of R t@gger efficiency, we strengthen
the evidence for a spatial correlation with the super gadaattine of the faint bursts with long
spectral lag reported by Foley et al. (2008).
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Figure 1: Sky positions of the GRBs detected by IBIS in Galactic commtks.

1. Introduction

The INTEGRALsatellite (1), launched in October 2002, carries a set oédadask instru-
ments dedicated to fine imaging and spectroscopy in theys@y energy domain (15 keV-10
MeV). Even ifINTEGRALIs not a mission specifically dedicated to GRBs, its imagsiriment
IBIS (2) is well suited for GRBs studies, in particular witis iow energy detector plane ISGRI
(15 keV-1 MeV) (3). Pre-launch expectations of detectingualone GRB per month in the IBIS
field of view prompted the development of tidTEGRALBurst Alert System (IBAS). IBAS (4)
is a software system, running on ground atiik@ EGRALScience Data Centre (ISDC; 5), able to
detect and localize in real time the GRBs in the IBIS field efxi Thanks to IBAS, theNTEGRAL
satellite has been the first one to provide GRB positions aitluncertainty of only-2-3 arcmin
in near real time (less than a few tens of second after the trignger). To date 56 bursts have been
detected in IBIS/ISGRI data We are building up an updated catalog of all the GRBs loedliz
with INTEGRAL, containing a detailed spectral analysis of the bursts foickvpublic data are
available. The main purpose of our work is to provide a homeges set of results, obtained with
the latest instrument calibration and software. In sevamaks the spectral parameters we derived
differ from, and supersede, those reported in previousyaisatthat were based on earlier software
versions and calibrations. Here we summarize some of tHamimar results we have obtained,
and refer to (6, in preparation) for other results and fottedldetails about the analysis procedures.

2. The IBIS coded-mask telescope

IBIS (2) is an imaging gamma-ray telescope, based on thedendssk technique, with a
square field of view of 29x 29 (at zero sensitivity). The sensitivity is maximum and ngarl
uniform within the inner &° x 8.5°, corresponding to the so called fully coded field of view.
Our analysis is mainly based on data taken with the IBIS loergy detector ISGRI (3). The

Iseehttp://ibas.iasf-nilano.inaf.it
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Figure 2: GRBs positions in the detector coordinates. The regiom@tie dotted rectangle is the fully
coded field of view.

CdTe detector thickness of 2 mm ensures an efficiency of 5026@keV. Above this energy the
efficiency decreases rapidly (10% at 300 keV), and althobgtbtightest GRBs are detected up to
~500 keV, the majority of the spectra cover the 18-300 keV@gneange .

3. GRB sample

ISGRI observed 56 GRBs up to the end of September, 2008. Mdistkibution of the bursts
is plotted in galactic coordinates in Fig. 1. The conceitrabf events close to the galactic plane
simply reflects the larger exposure devoted to these redpptise pointing program dNTEGRAL
. Most of the bursts were discovered and localized witHRHEEGRALBurst Alert System (IBAS;
4) and their coordinates were automatically distributechear real time within a few seconds.
The remaining ones were detected during the initial IBASgrarance verification phase, in off-
line searches, or after interactive verification of low #igance IBAS internal alerts. The IBAS
trigger efficiency is maximum in the fully coded field of viewhile decreases going at larger off-
axis angle, so that we need a brighter burst to obtain the sagnal-to-noise. On the other hand
the sky area covered by the detector increases with thexisfeangle. Thus it is not surprising
that the majority of GRBs have been detected at intermedifiaxis angles, as visible in Fig. 2
where we show the instrumental positions of the bursts. SGRBs were detected at the very
edge of the field of view, showing that the IBAS system is ablddtect bursts in the whole field
of view, provided the signal to noise is large enough. Thersron the coordinates provided by
IBAS are in most cases between 1.5 and 3 arcmin, basicallielinby the statistical uncertainties.
The difference between the ISGRI and the afterglow positigmen available, is compared with
the quoted uncertainties in Fig. 3. All the positions of tfierglows are within the error regions
provided by ISGRI, thus the localization of GRBs are acauaid the error radii are correctly
estimated. Moreover there is no evidence of systematicsedepending on the position of the
burst on the detector.
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Figure 3: Absolute position errorsas a function of the off-axis angle, for bursts with a detéetiterglow.

r is defined as the difference between the position obtainddl®GRI data and that of the afterglow. The
absolute position error is given in units i, that is the 90 percent cl. error radius estimated during the
analysis of ISGRI data. All the afterglows were found indide error circle provided by ISGRI.

4. Data analysis

4.1 Light curves extraction

To extract the GRB light curves, as well as for most of our tignanalysis, we used the soft-
ware tools developed for the IBAS interactive quick-loolalgsis. These tools are more suitable
than the standard OSA software for this kind of analysis. &examples of the background sub-
tracted light curves, in the 15-300 keV range, are showngn &i The light curves have different
bin sizes, appropriate to the counts statistics, and thteglaount rates are normalized taking into
account the detector fraction illuminated by the GRBs atifferent off-axis angles. All the light
curves are corrected for the instrumental dead time, tita¢@sed from-20% at the beginning of
the mission to the current value 8f30%. Some gaps due to telemetry saturation occurring during
the brightest parts of the bursts are visible in the lightvear We have used the light curve of
every GRB to determine itgg, the duration over which 90% of the fluence of the burst is ntesk
These intervals are indicated by the dashed lines in Figh Bid.5 we report the distribution of the
durations.

4.2 Spectral extraction and models

We consider for the spectral analysis only the bursts olksemntil March of 2007, since the
data of the remaining ones are not yet publicly available.tk® spectral analysis we use the latest
release of the standard software (OSA 7.0) distributed &y3IDC. The time integrated spectra of
the faintest bursts are extracted from thetime intervals. In the other cases, the larger statistics
allow us to use longer time intervals, indicated by the dbtiees in Fig. 4. We consider the
following spectral models:

e power law (PL) with photon index:

f(E)=AE"“ (4.1)
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Figure 4: Light curves of some GRBs detected by ISGRI.

e power law with exponential cutoff (CPL):
f(E)=AE % E/Fo (4.2)
¢ Quasi-thermal model (QT) (7; 8; 9), consisting of a power &éawl a blackbody:
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Figure 5: Distribution oftgg for INTEGRALGRBs we have analized in this work. No short burtgg € 2
s) are present in the sample.

We also try to fit the spectra of bright bursts using the Bandehaconsisting of two power laws
joined with continuity (10), which is widely used to fit GRBesgra. However, these fits to our
ISGRI data could not constrain the values of the high-enplmpton index. This means in practice
that the Band model reduces to the CPL model when used in gyebend as small as ours.

5. Results

5.1 Spectral results

The spectra ofNTEGRALGRBSs are generally well described by the powerlaw modeh wit
photon index values aroundl1.6 (see Fig. 6). Most of the bursts spectra poorly fitted whik
model give acceptable fits with the introduction of an expiaé cut-off. Almost all the bursts
showing evidence for a curved spectrum in the ISGRI enemggeaan also be fitted with the QT
model.

We have measured the cutoff energyii 9 out of 43 GRBs, corresponding 1020% of our
sample. The values ofgkare in the range 50-150 keV, and clustered around 80 keV (ge&)-

This is not surprising, because most of the spectra havendisant signal from 18 keV to 300
keV, but the spectral bins above 200 keV usually have lamgfgsstal errors. In order to constrain
the cutoff energy, a significant number of energy bins witbhdyetatistics are needed both below
and above the cutoff value. Thus, the limited bandpass oRIS@roduces a bias in the cutoff
measurement, as also seen in similar instruments, liket/BAIF (see i.e. 11). (12) studied a large
sample of BAT bursts detecting a cutoff energy in 32 long GB&0f 216, a percentage-(15%)
even smaller than that found in our sample.

The majority of GRBs observed in the past are well fitted byBaed model (10; 13). Analyz-
ing the subsample of very bright GRBs, (14) (hereinafter K66nd that the average values for the
low- and high-energy photon index are~ 1.1 andf3 ~ 2.3, respectively. The two photon index
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Figure 6: The distribution of photon index of the single power law fi#sll but two spectra can be well
described by a power law and are comprised in this plot, ghidar 9 of them a CPL or a QT model give a
better fit.
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Figure 7: Cut-off energyEg as a function of the mean countrate (background subtractt¢denormalized)
measured during each GRBs. The error bars are at the 90% eonodidevel.

distributions are clustered around these values and wgdlrated. Our photon index distribution
(Fig. 6) peaks around 1.6, a value between the average vafuesand 3. A similar result was
found for Swift/BAT GRBs (12). If the results found by K06 ngionly the brightest bursts apply
to the whole GRB population, we can conclude that we are entbkee some cutoff energies
either because they are within the ISGRI energy range bpeetra do not have enough statistics,
or because the cut-off lies outside the ISGRI energy bandoth cases the observed spectrum
would have some curvature, so that in both cases the bestliavgingle power law would give a
photon index intermediate betweerandf.
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Figure 8: Normalized integral distributions of fluences (left) andipdluxes (right) for both ISGRI and
BAT.

5.2 Spectral evolution

For 7 GRBs the detected fluence was high enough to performréswved spectral analysis.
6 bursts out of 7 have shown different kinds of spectral dimhu We can divide the spectrally
evolving bursts in two classes: single-peaked bursts wipextral evolution, and multi-peaked
bursts with spectral differencdsetween the peaksn the first class we detected only one case
of the classical hard-to-soft evolution. In the second<las detected two cases of hard-to-soft
evolution, one case of soft-to-hard evolution and two casesore complex evolution. In one case
we have detected no evolution at all between the peaks.

5.3 Peak fluxes distribution

In Fig. 8 we show the normalized integral distributions offlaes and peak fluxes for both
ISGRI and BAT. We expect the burst populations seen by theitgtouments to be very similar,
because the two instruments are very similar. If we apply lanégorov-Smirnoff (KS) test to the
data of Fig. 8, we obtain a probability of 12% that the ISGR1 &AT fluences are drawn from the
same distribution, while for the peak fluxes the probabikty3%. The latter result suggests that
the two populations could be somewhat different, with IS@Btiecting fainter GRBs than BAT.
However, larger samples are required to eventually confiitsngossible difference.

5.4 The rate of short bursts

The BATSE experiment onboard CGRO found thak5 % of GRBs are short hard bursts.
ISGRI detected instead only 2 short GRBs out of 56 burstsesponding te~ 3.5 %. Moreover,
Swift/BAT found ~ 8%. The BATSE experiment, more sensitive at higher energy toth ISGRI
and BAT, was better suited to detect short hard bursts. Tiusdceasily explain the different
percentage of short GRBs between BATSE and both ISGRI and BA& differences between
two very similar instrument like ISGRI and BAT are harder tpkain. However we note that
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the sample of ISGRI GRBs is quite small, thus affected bydattistical uncertainties. If we
hypotize that the trigger efficiency is the same betweenwhdrnstruments, the measure of ISGRI
is indeed marginally consistent with that of BAT. This desgancy could vanish as the number of
bursts detected by ISGRI increases, but it is certainly atgoibe adressed in the future.

5.5 Spatial Distribution

While the wholeINTEGRALGRB sample is isotropically distributed, the sub-sampld ®f
bursts with a spectral 1&gr > 0.75 s and low luminosity is spatially correlated with the supe
galactic plane (15). This result, which supports the eristeof a local GRB population, relies
on an accurate estimate of tiRdTEGRALSsky coverage. In computing the sky coverage, those
authors used thtNTEGRALexposure maps, but neglected other factors affecting thstisdty of
GRB triggers. Taking into account this and other similaeef we have enhanced the statistical
significance of the detected anisotropy frev.5to~ 3 0.

6. Conclusions

Using the latest available software and calibration, wedamiving accurate spectral param-
eters for all thdNTEGRALbursts in a coherent way, superseding and harmonisingeatetults
that could be found in literature before and adding the lagkines. We are also able to confirm,
with a higher significance, the clustering of faint, long-laursts around the supergalactic plane,
supporting the existence of a local GRB population.

TheINTEGRALandSwiftexperience has shown that wide field coded mask instrumssngs @ow-
erful tool for GRB science, but the lack of sensitivity ovdrraad bandpass hampers the progress.
Even in presence of a redshift determination, with the stnmawer law description a key param-
eter like the overall energy budget of the sources cannotebermined, as well as any sensitive
attempt to model the prompt GRB emission cannot be perfornkeiure GRB missions should
carry adequate instruments in order to obtain prompt Ipatidins and broad band spectroscopy at
once.

2The spectral lag is the time difference between the position of a peak as seamoi light curves extracted from
different energy bands.
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