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Abstract. A long Gamma-Ray Burst (GRB) was detected with the instruments on board the INTEGRAL satellite on January
31 2003. Although most of the GRB, which lasted50 s, occurred during a satellite slew, the automatic software of the
INTEGRAL Burst Alert System was able to detect it in near-real time. Here we report the results obtained with the IBIS instru-
ment, which detected GRB 030131 in the 15 keV-200 keV energy range, ant/EBGbservations of its optical transient.

The burst displays a complex time profile with numerous peaks. The peak spectrum can be described by a single power law with
photon index” ~ 1.7 and has a flux 0£2 photons cr? st in the 20-200 keV energy band. The high sensitivity of IBIS has
made it possible for the first time to perform detailed time-resolved spectroscopy of a GRB with a fluencé®f &rg cnr?

(20200 keV).
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1. Introduction hours. This led to the discovery of the afterglow emission
t lower energies, initially in X-rays (Costa et al. 1997) and

G R 5 GRBS) h b i ubsequently at optical (van Paradijs etal. 1997) and radio
amma-Ray Bursts ( s) have been a puzzling my “rail et al. 1997) wavelengths, which allowed the redshift

tery, mostly because of their short durations and the appar Pthese objects to be measured, and firmly established the
lack of counterparts at other wavelengths. A breakthroughéﬂsmological nature of GRBs '

this field came thanks to the Italian-Dutch satelBepp&AX,

which had the capability to localize the bursts’ prompt pye to the limited duration and the fading character of
emission with a precision of a few arcminutes within a fewhe afterglow emission, the prompt distribution of GRB co-
ordinates to the scientific community is a high priority. After
the end of thdBepp®&AX mission this task has been accom-
lished mainly by HETE-2 (Ricker et al. 2002). INTEGRAL
instruments and science data centre funded by ESA member st %s%kler etal. 19_99_)’ although n(_)t specifically d.eSIQne.d a.s a
(especially the Pl countries: Denmark, France, Germany, Ita -oriented mission, can contribute to the rapid localization
Switzerland, Spain), Czech Republic and Poland, and with the parﬁf—the prompt emission of GRBs thanks to the INTEGRAL
ipation of Russia and the USA, and on observations collected by fBErst Alert System (IBAS; Mereghetti et al. 2001). This soft-
Gamma-Ray Burst Collaboration at ESO (GRACE) at the Europe@@re, running at the INTEGRAL Science Data Centre (ISDC;
Sourthern Observatory, Paranal, Chile (Programme 70.D-0523). Courvoisier et al. 1999), is able to detect and localize GRBs

Ever since their discovery (Klebesadeletal. 1973
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with a precision of a few arcminutes in a few seconds, and to
distribute their coordinates in near real time over the Internet.

The high sensitivity of the INTEGRAL instruments also al-
lows us to study in detail the promptray emission of GRBs.
This is particularly interesting for the faintest bursts, for which
deep spectral studies were not possible up to now. For exam-
ple, with the CGRZBATSE instrument, time resolved spec-
troscopy was possible only for bursts with a fluence larger than
~4 % 107°° ergs cm? (Preece et al. 1998).

On January 31 2003 at 07:38:49 UTC a GRB was - N 1847
detected in the field of view of the main instruments '
on board INTEGRAL: IBIS (Ubertinietal. 1999) and SPI Fit Locolzaion
(Vedrenne et al. 1999). Here we concentrate on the results ob-
tained with IBIS, a coded mask imaging telescope based on two
detectors, ISGRI and PICsIT, operating in the 15 keV-1 MeV
and 170 keV-10 MeV energy ranges, respectively.
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2. Detection and localization ' . : v W

GRB 030131 was discovered by IBAS (using IBREGRI data)
onJanuary 31 2003 at 07:39:10 UTE2( s after the beginning . L ‘
of the GRB, see below). The on-line automatic imaging anal- ‘ Rt fceon D]

ysis localized it to @-axis angle<Z = 10.1°, ¥ = ~36°, in Fig. 1. Localizations of GRB 030131: the annulus obtained by the IPN
: . h o 1. :
the partially coded field of view (only-23% of the detector is, consistent with the localization given in Mereghetti et al. (2003a)

W.as .IIIumlnated by t,he GRB). The GRB coordinates were n%CN 1847) and the one derived in this paper (the annulus obtained
distributed a!ﬂoma“ca”y by IBAS beqauge most of .the bur ing SPI ACS and Ulysses is consistent with the one plotted but has
occurred during a satellite slew (IBAS is disabled during satg{1arger width). The cross indicates the position of the OT.

lite slews). In fact only the first20 s of this~150 s long burst,

during which the satellite attitude was stable and well knowmglescope (VLT) with the FORS1 instrument at a mean date of
were analyzed by IBAS, resulting in a low significance of th&3 February 09:11:54 UTC. The seeing was abdutThere
trigger. An df-line interactive analysis confirmed the reality ofvas no detectable object at the location of the candidate optical
the event (Borkowski et al. 2003), but the reported error regieaunterpart, with a 5 upper limit ofV > 26.4.

radius was underestimated. A correct localization with an error The marginal detection29 hours after the burst, with =
radius of 3 (Mereghetti et al. 2003a) was distributed only threg5.4 + 0.3 (Gorosabel et al. 2003, but see also Henden 2003),
days later. and our VLT upper limit, confirm that this object is the OT of

By accumulating data over short time intervals and an&RB 030131. Thus GRB 030131 is the first GRB detected with
lyzing the corresponding images, we confirmed that the sattN\-TEGRAL with an associated optical counterpart.
lite slew started at 07:39:09 UTC, as indicated by the attitude .
data. We therefore used the first 20 s of the event, correspoRd] €mporal and spectral analysis
ing to the stable pointing period, to derive the GRB positiowe have analyzed IBJSSGRI single events, for which arrival
32000 = 13" 28™ 215, 630000 = +30° 40 33”7, with an error time, energy deposit and interaction pixel of the detector are
radius of 2.5, Although the statistical error in these coordiknown for each event.
nates is only 1.6 we conservatively added a systematic un- Figure 2 shows the light curves of GRB 030131 binned
certainty of 2, based on the results obtained in IBIS obseat 1 s resolution in dierent energy bands. The burst started
vations of sources with known positions. Our final positioat 07:38:49 UTC and lasted for about 150 s. The time pro-
for GRB 030131 is consistent with the one reported earliile shows several peaks (note that the small gaps are artifacts
(Mereghetti et al. 2003a) and with the annulus derived with tieaused by satellite telemetry saturation). Tiieg duration of
IPN using Ulysses and IBJSSGRI data (see Fig. 1). the GRB in the 15-500 keV band is 124 s.

A provisional identification of an optical transient (OT) for  Since the GRB peaks during the satellite slew, we could
GRB 030131 was reported by Fox et al. (2003a). The candit use the instrumental coordinates to extract the peak spec-
date OT, detected with the Palomar 48-inch Oschin teleseop&um. Therefore we made an image selecting a time interval of
NEAT Camera, had magnitude~ 21.2 at 3.62 hours after the 1 s around the GRB main peak#£ 54 s in Fig. 2). The high
burst, but it was much fainter and barely detectaBle (23.5) count rate at the peak allowed us to firmly establish the de-
~26.8 hours after the burst at the 200-inch Hale telescope.tistor coordinates of the GRB even with this short integration
coordinatesgzooo= 13" 28™ 22.29, 532000= +30° 40 23.7’, time and thus to extract its peak spectrum. Since /BSRI
are 20 from the center of the error circle derived here. is a coded mask imaging instrument, the background can be

As a follow-up, we obtained a 8 300 s exposure in the estimated simultaneously with the source flux, using the Pixel
V band using the European Southern Observatory Very Laigamination Function (PIF; Skinner 1995). The spectra have
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Fig. 2. IBIS/ISGRI light curve of GRB 030131 in various energy = 20 50 100 200

bands 4): 15-50 keV)b): 50-300 keVc): 15-500 keV). The six data Energy (keV)

gaps are artifacts caused by satellite telemetry saturation. Four qu’}b%. Time averaged IBISSGRI spectrum of GRB 030131. Data
can be identified, after15,~40,~55,~85 s. The light curve has been g pest fit model are shown.

corrected to take into account the varying fraction of the exposed in-

strument area during the satellite slew. Paebhows the spectral ) )
variation of the GRB with time. one can see the apparent drift-a?° of the GRB in the IBIS

field of view during the slew. To obtain the total (time aver-
been extracted computing one PIF for each energy bin (128 laged) spectrum, the 35 spectra extracted for the individual time
early spaced bins have been used between 19 keV and 1 MeémEgrvals, corresponding to a net integration time of 147.2 s,
Since a fully calibrated spectral response matrix for sourcesaare co-added. We derived the photon spectrum (shown in
large df-axis angles is not yet available, we divided the coufig. 4) in the same way that we did for the peak spectrum.
spectrum by the closest (in detector coordinates) count spéhe GRB is clearly detected up to 200 keV. In this case a
trum of the Crab Nebula. The resulting photon spectrum caimgle power law model does not provide a satisfactory fit
be well fitted by a power law modet{/d.o.f. = 8.66/8) with (y?/d.o.f. = 39.84/18), indicating that a model which includes
photon indext” = 1.73fgﬁ§ (90% confidence level). The fluxa spectral break would give a better representation of the data.
is ~1.9 photons{1.7 x 10~7 erg) cnt? s (~6.5 crab) in the A fit using the Band model (Band et al. 1993) yields a break
20-200 keV energy range. energyEy; = 70 + 20 keV, a low-energy power law index

To properly extract the total GRB flux and spectrum, we de-= 1.4 + 0.2 and a high-energy photon indgx= 3.0 + 1.0

rived the GRB detector coordinates at various time intervals fgi?/d.o.f. = 22.54/16). The fluence in the 20—200 keV band is
the entire duration of the event. The first interval, correspond73.8 photons ci? (7 x 10°® ergcnt?). To derive this value
ing to the stable pointing, lasts 20 s. The following 30 intervaige have assumed that during the 4 central telemetry gaps the
last 3 s each and, finally, for the faint tail of the burst, fouBRB had its average spectrum and intensity. Extrapolating the
intervals with durations of 5, 5, 10 and 20 s were used. TBpectrum to the BATSE energy range (50—300 keV) we obtain a
coordinates as a function of time are shown in Fig. 3, wheftaence of~23 photons ci? (3.2 x 1076 erg cnt?). The values
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of peak flux and fluence derived above are consistent withirtas also comparable to GRB 021211. This event is also con-
factor of 2 with the ones measured with Ulysses. This indicateislered an optically dim burst since it was detecteld at18.2

that our method does not #ar from large systematic errorsl.3 hours after the prompt emission (Fox et al. 2003b) and
and that the short telemetry gaps do not influence these values fainter tharR ~ 225 after 12 hours (Klose et al. 2002).
significantly. In addition GRB 030131 is located at much higher Galactic

We have also investigated the spectral evolution. As in thitude @ =~ 81°) which implies smaller foreground opti-
case of the peak spectrum, the data for the individual time ¢l extinction. This indicates that, despite théoets of ob-
tervals can be fitted with a single power law, without eviden&€rvers, in some cases, optical follow-up with small telescopes
for a spectral break. The photon index as a function of timeifs ot an easy task, even less than 1 day after the burst (e.g
plotted in Fig. 2. A clear hard-to-soft evolution is seen. A hardZynbo et al. 2001). The prompt localization of GRBs is hence
ening trend can also be seen corresponding to the rise of &ligh priority in order to achieve a successful follow-up. The
second and third (main) peak with a softer spectrum for the [&&sults on GRB 030501 (Beckmann et al. 2003) (an alert 30 s
ter peak. This correlation between light curve peaks and spafier the start of the GRB with an uncertainty of 4..BAS
tral hardening has already been reported in other bursts (é\grt 596) show that IBAS is now able to provide this service.
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4. Discussion

The IBIFISGRI time-resolved spectroscopy of GRB 030131

consistent with the overall hard-to-soft evolution observed Wiweferences

BATSE in many brighter GRBs, for which this kind of analy-

sis was possible (e.g. Preece et al. 1998; Ford et al. 1995). Basd, D. L., Matteson, J., Ford, L., et al. 1993, ApJ, 413, 281

fluence of GRB 030131 is an order of magnitude Sma"g,ec_kmann, V., Borkowski, J., Courvoisier, T. J.-L., et al. 2003, A&A,
; HH In press

Fhan those of the bursts St.Udled by. those aUthqu’ indic grkovi:\)/ski, J., Gotz, D., Mereghetti, S. Deluit, S., & Walter, R. 2003,

ing that such spectral behaviour applies also to fainter GRBS. GCN 1836

Clear evidence of this was also reported in the GRBs stL@éstay E.. Frontera, F., Heise, J., et al. 1997, Nature, 387, 783

ied with Bepp®BAX in the 2-700 keV energy range (e.gcourvoisier, T., et al. 1999, in Proc. of the 3rd INTEGRAL Workshop

Frontera et al. 2000; Frontera et al. 2003). While BATSE could - Astro Lett. & Communications, 39, 355

better constrain the break energy and the high-energy slopéofd, L. A., Band, D. L., Matteson, J. L., et al. 1995, ApJ, 439, 307

the Band function, thanks to its higher relative sensitivity abof@x D- W., Price, P. A., Herter, T., Appleton, P., & Cotter, G. 2003a,

200 keV, IBISISGRI allows more detailed studies of the low- GCN 1857

. Fox, D. W., Price, P. A., Soderberg, A. M., et al. 2003b, ApJ, 586, L5
energy part of the spectrum for relatively low fluence GRBs. Frail, D., Kulkarni, S. R., Nicastro?S. R.. Feroci, M., & Taglor, G B.

In the framework of the internal fireball shock model 1997, Nature, 389, 261
(Rees & MEszros 1994), and in particular of the SynchrotroRrontera, F., Amati, L., Costa, E., et al. 2000, ApJS, 127, 59
Shock Model (Tavani 1996), the hard-to-soft evolution can gontera, F. et al. 2003, in preparation
interpreted in two ways. The first possibility is a decrease of t%ﬁ”bo’ J. U, Jensen, B. L., Gorosabel, J., et al. 2001, A&A, 369, 373

L . . orosabel, J., Levan. A., Fruchter, A., et al. 2003, GCN 1866
magnetic field in the postshock region as a consequence of fden. A. 2003. GCN 1971

postshock flow expansion; the second is a postshock decrg@ggesadel, R. W., Strong, I. B., & Olson, R. A. 1973, ApJ, 182, L85
of the index of the particle distribution function as a conse&dose, S., Eisloffel, J., Froebrich, D., et al. 2002, GCN 1739
guence of strong cooling processé&ating the particle energy Link, B., Esptein, R. I., & Priedhorski, W. C. 1993, ApJ, 408, L81
distribution for dynamical flow times larger than the radiatintylereghetti, S., etal. 2001, in Proc. of the 4th INTEGRAL Workshop,
timescale. The twoféects are not distinguishable in our case, ESA-SP, 459, 513

since the time-resolved spectra do not have enough statisticg/l%g%ﬁtzéf?" Produit, N., Borkowski, J. & Gotz, D. 2003a,

constrain a spegtral break and hence a Iow—epergy and a hilglgfeghetti, S., @z, D., Tiengo, A., et al. 2003b, ApJ, 590, L73
energy spectral index. The soft-to-hard evolution observed dpfeece, R. D., Pendleton, G. N., Briggs, M. S., et al. 1998, ApJ, 496,
ing the rise of the individual peaks, on the other hand, can be 849

caused by an increase of the local magnetic field at the shdgkes, M. J., & Mszros, P. 1994, ApJ, 430, L93

Several authors reported that the duration of single pulsesRigker, G., Hurley, K., Lamb, D., et al. 2002, ApJ, 571, L127

. . C : inner, G. K. 1995, Experimental Atronomy461
GRB time histories is energy dependent (e.g. Link et al. 199 vani, M. 1996, ApJ, 466, 768

With longer durations at lower energies, res“'“”,g ina harde@ﬁertini, P., Lebrun, F., Di Cocco, G., et al. 1999, in Proc. of the 3rd
ing of the spectra before the peaks and a softening afterwards. |y TegRAL Workshop — Astro Lett. & Communications, 39, 331
The optical transient associated with GRB 030131 indvan Paradijs, J., Groot, P. J., Galama, T., et al. 1997, Nature, 386, 686
cates that we can C|assify itas an “Optica”y dim” GRB. In faé{edrenne, G., Sdﬁfelder, V., Albernhe, F., et al. 1999, in Proc. of the
it is as faint as (or even fainter than) the transient associated 3rd INTEGRAL Workshop — Astro Lett. & Communications, 39,
i G5 502271 e on e INTECRAL SRy 1009 e o s 3 NTEGALop - st
! Lett. & Communications, 39, 309

atR ~ 233 12 hours after the burst (Mereghetti et al. 2003b).



